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INTRODUCTION 

• * < * . • 
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*£Vt^> :A. 
"The crown of the human tooth even in its 
minute details represents but little that is for-• < 

tuitous. It is resultant of inherited ancestral 
conditions, modifying further by evolution and 

involution. 

Hrdlicka (1924, p. 123) 

The theory that man developed from a primitive primate type is probably now generally accepted. The 
position, however, of this type within the primate class and its relationship to other members of the same order is 
now, more than ever, a problem of considerable dispute. There are two chief views the principles of which have 
been most clearly evolved by the well known debate between Osborn and Gregory. According to Gregory the 
evolution of man must have undergone a real anthropoid stage, while Osborn most strongly opposes such a con
ception and claims that man must have been derived directly from a prosimian-like form without any close relation to 
anthropoids. In my opinion the latter conception is due to a misunderstanding on the part of Osborn, for it is evident 
that man in the course of evolution, whatever the zoological character of its earliest type may have been, has had to 
pass through a stage of organisation corresponding to that of anthropoids and that therefore its relationship to the latter . 
must be closer than to other primate groups. This does not imply that all the physical conditions of man were in 
complete accord with those of gorilla or chimpanzee or orang or those of any of their direct ancestors. An anthro
poid regarded from a purely zoological standpoint is nothing else but a special primate occupying the highest position 
because of its organisation in the order of Catarrhinae and clearly distinguishable by its characteristics from the lower 

• representatives of the same group. According to zoological classification based exclusively on morphological, 

general and special features of living primates and going back to Linasus even man of today approaches closer to 
the anthropoids than to any other group of primates. This fact has been fully presented and ascertained by Huxley 
(1863) who stated: "Whatever system or organs be studied, the comparison of their modifications in the ape series 
leads to one and the same result—that the structural differences which separate Man from the gorilla and the chim
panzee are not so great as those which separate the gorilla from the lower apes." Since then many additional 
evidences of the correctness of Huxley's conclusion have been presented. Thus, there is not the least doubt that 
since this is true for present-day man and apes, it must be all the more valid for representatives of the phylogenetic 
line. 

One fact has undoubtedly contributed considerably towards the above mentioned misunderstanding, namely that 
the differences between fossil hominids such as Neanderthal and recent man have proven in some details to be not as 
great as was generally expected. This is especially true of the dentition. In this respect WeruVs perception (1921 /28) 
is of symptomatic significance. On the basis of his studies of the Heidelberg mandible, he came to the conclusion 
that there are nowhere decisive differences between fossil and recent man: with respect to all characters of the 
dentition fossil man falls within the range of variation of living man, and fuithermorc the result is always the same and 
points to a very archaic—one may incline to say—Early Tertiary form of human dentition. 

%i~^ii;> ~'£&t:M>#^?§£ :i :*>r '•>^&K?£?-^£^&'^'i-^'& $££uf£'M 
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In the introduction to my Tokyo lecture (1936a) I warned against confusing morphological and geological 

facts when determining fossil human findings, a confusion which has played a great and harmful role in the history 

of many of the discoveries. In the case of the Heidelberg mandible, the geological age of which at first was taken 

to be great, many investigators were led to assume its distinct antiquity, and thus to assume a correspondingly primitive 

morphological character of the fossil in all its details. Such a conception was further supported by the bulkiness of 

the jaw in contrast to the size and features of the dentition. Thus the Heidelberg mandible was described and attributed 

to a "preneanderthaloid" and its teeth were considered to be typical for all primitive hominids. Neither of these 

interpretations stands firm when scrutinized more closely: As to the mandible itself I was able to demonstrate 

(1936b) that in spite of its bulkiness as a whole some of its features reveal an already rather advanced character. 

In regard to the teeth this report will prove that they are even further removed from the original interpretation 

than the jaw. 

In this connection nomenclature deserves particular attention. It is common usage to term "pithecoid" any 

features of man which more or less resemble those of apes. R . Virchow and more recently Adloff (1909a, 

1937) are both against the use of such a term. The latter author believes that it is not permissible to term a 

characteristic which is still existent in recent man as pithecoid, but in my opinion such an objection is not valid: 

firstly, the term "pithecoid" does not imply more than being ape-like, secondly the objection is apparently based 

on the assumption that a fossil form which in some respects resembles that of recent man is entitled to be determined as 

hominid. An excellent example of how far Adloft (1932) ventures in this respect is to be found in his consideration 

of Australopithecus as representing a real hominid, based only on certain features of its dentition. By such a process 

we may find ourselves in the rather grotesque situation of having one investigator who terms the hominids as pithecoid 

and another who considers the apes hominids. It goes without saying that such a controversy expresses only the 

personal view of the various authors concerned but does not touch the fundamental principle. The former investigator 

judges zoological characters of a given type exclusively by the momentary morphological appearance, while the latter 

deduce it from its potentialities of the subsequent evolution: hence the debate, was man derived from apes or were apes 

derived from man? 

When considered in their true aspect, it is evident that the differences are not at all basic, for they at least 

demonstrate, perhaps better than other facts, a close connection between hominids and anthropoids. The lower we 

descend in the phylogenetic line the less possible it becomes to determine where one ends or where the other begins. 

The discovery of Sinanihropus, however, provided a "new landmark. In future it will be impossible to pronounce the 

teeth of recent man as being the really primitive ones and those of the anthropoids as the only specialized and 

to deduce therefrom a fundamental contrast between man* and anthropoids. 

It is self-evident that a morphological peculiarity may be retained for a long period. W e shall only determine 

its loss if we trace back to the part of the main stem where the actual differentiations took place. In connection with 

man a great error was conceived in the belief that the stage of evolution was not as remote as it actually is. If this 

erroneous assumption is corrected and furthermore, if the concept is abandoned that geological age must be taken under 

any circumstances to be tantamount to the age of evolution, all existing difficulties will be overcome immediately. 

The decisive factors in each attempt at tracing the line of human evolution arc found in palaiontological 

evidences. Nowhere can it be demonstrated as clearly as on the dentition. I do not intend to enter into a discussion 

of the various hypotheses of the phylogenetic development of the dentition since such an attempt would be tar too 

removed from my present task. However, I cannot pass over in silence Bolk's "dimere" theory (1913/14) for he 

preferred to select his proofs from peculiarities pertaining to the dentition of recent man. Most of the special features 

lie selected such as those of the incisors, canines and premolars are secondary alterations of primarily much more 

m -r. :'£-K 
'' iG' 
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complicated patterns and remote from the theoretically supposed prototypes. Palaeontology of hominids reveals the 
fact in all cases that it is wrong to consider without reservation transitory ontogenetic features as phylogenetic realities. 

Bolk made the same error in his attempt (1926) at explaining the development of the human chin chiefly on 
the basis of ontogenetic studies in which he failed to include fossil hominid material, an omission which I have pointed 
out elsewhere (1936b). The same applies to his so-called theory of foetalization (pedomorphism). Bolk considered 
the specific character of the process of human phylogenetic evolution to be a gradual fixation of transitory ontogenetic 
stages into persistent features. According to him the preponderance in the size of the brain of recent man in com- . 
parison with that of the ape3 is only a consequence of the fixation of an early ontogenetic state in which the brain size 
always preceded the other .parts of the head and the body. In all monkeys and apes the brain should accordingly show 
the tendency of a propulsive growing a process which stopped rather early in the human ontogenetic development while 
in apes it continued unchecked. The equality of that tendency in both groups should be inferred from the fact that 
the foetus and young individuals of apes possess a more vaulted and therefore more human-like forehead than the 
adults. Incidentally, a similar deduction of the same phenomenon has recently been made by Schindewolf (1936) fol-
lowing Nacff (1933) so as to demonstrate that evolution is only caused by fortuitous alterations of genes which should 
be manifest during embryonic life. Bolk as well as Schindewolf believe the difference in appearance of infantile and 
adult skulls of apes and the closer similarity of the former with the skull of recent man to prove that anthropoids and 
hominids have nothing in common. As has been shown already thirty years ago by Schwalbe (1906), while oppos
ing a similar argument brought by Ranke and Kohlbrugge, the fundamental error of those considerations consists in 
taking a juvenile character for comparison instead of an adult. In the case in question it is particularly wrong 
because the jaw and the teeth compose the decisive factors in the definite formation of the outer structure of the 
skull; both jaw and teeth, however, gain their permanent size relatively late in the normal course of development 
and in consequence the actual outer appearance of face, forehead and brain case can only be manifest in fully 
developed adult individuals. There is no justification in singling out, more or less at random, a certain stage of 
ontogenetic evolution, and in claiming that such and no other stage is the most suitable for comparative purposes. 
In addition it is to be noted that it is a well known fact that not only primates but all mammalians bear a 
closer resemblance to each other the younger their stage of development and this is especially true for the brain 
which precedes considerably all other organs in development. All young mammalians have a much more bulging 
forehead than when fully developed. However, apart from these arguments there remains one fact which hitherto 
escaped attention, namely that apes despite their more vaulted forehead in juvenile stages do not in reality possess a 
correspondingly better developed frontal lobe of the brain towards the end of the first dentition as is true of man of 
the same age. The proportions between the frontal lobe and other parts of the brain are exactly the same as in 
the adult stage. This condition clearly proves that the external appearance of the forehead feigns the existence or 
essentital differences which actually are not present but are only the result of temporary under-development of other 
regions. 

At any rate the attempt to reconstruct the course of human evolution on the basis of ontogenetic data derived 
from recent primates seems, in my opinion, to be out of place if fossil remains are available which have provided us 
with certain real stages of phylogenetic evolution. Such material is now at hand. It represents a continuous line 
leading from Sincnlhropus to recent man (Weidenreich, 1937 a,b). Viewed as a whole and in detail there is 
not the slightest indication of evolution having resulted from accidental interferences or leaps nor of actual fundamental 
differences between apes and the early human stages which may justify a complete separation. On the contrary, the 
more primitive the stages the closer they resemble anthropoids. The truth of this statement can be proven by the 
dentition of Sinanthropus pztynensis. 
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DESIGNATIONS AND METHODS 

For the purpose of a better understanding, I deem it necessary to give an explanation of the various terms 

symbols and abbreviations used in this description, together with explanatory notes on the measurements and their 

application. 1**5̂  

The tooth types are given in abbreviations, selecting the first* letter of the name. Capital letters stand for 

permanent teeth and small ones for deciduous. The numerical following the letter designates the order of the tooth 

within its group. The numerical when placed above the letter defines an upper tooth, while when placed below 

means a lower tooth; the numerical in line with the letter stands for lower and upper teeth. For instance, mi 

stands for a first lower deciduous molars, M2 for a second upper permanent molar, M3 for third lower and upper 

permanent molars. In the case of the canines the numerical is replaced by an apostrophy. With reference to 

premolars, I prefer the designation of Pi and P 2 respectively instead of the usual P3 and P4 , the latter designation 

presuming adherence of a theory referring to the probable order of premolars in mammals. Teeth of the right 

and left sides are designated by abbreviations rt and It respectively. Germs are listed as **g" and adult teeth 

as ad . 

Designations of cusps of molars and premolars were taken from OsbonTs nomenclature without accepting the 
theoretical presumptions upon which it is based. Thus in the upper jaw the anterior outer cusp is called paracone, 
the posterior outer cusp metacone, the anterior inner cusp protocone and the posterior inner cusp hypocone. In the 
lower jaw the terms used are as follows: the most anterior outer cusp is the protoconid, the following outer cusp is 
the hypoconid, and the last outer or middle cusp is the mesoconid; the anterior inner cusp is the metaconid and 
the posterior inner cusp the entoconid. The so-called sixth cusp is designated by 6 or tubercle 6. 'The anterior 
part of the lower molars and premolars is called trigonid, the posterior part talonid, the corresponding parts of the 
upper teeth are trigon and talon respectively. 

For the sides of the teeth I have used the following designations: for the outer side in all cases, including 

the incisors, the buccal (b) side; the inner side the lingual (1) one; the side directed frontally the mesial (m) side and 

that directed backwards the distal side (d). The chewing surface is the occlusal side (o). 

* In order to avoid misunderstanding, the following terms were used regardless whether it concerned 
crowns or roots or branches of the roots, namely: the term "height" implies in regard to the crown 
always the distance Ketween the tip or the cutting edge of the tooth and the lowest boundary of the enamel on 
the buccal surface. In upper molars it is the distance between the tip of the paracone and that boundary and in 
lower molars that between the tip of the protoconid and the neck line. In the case of roots "'height" expresses 
the distance between the apex and the neck line; crowns or roots are thus called high or low. The term * lencth 
means the mesio-distal diameter; a crown or a root or a branch of the root may thus be long or short. The de
finition "'breadth** represents the buccolingual diameter; a crown or a root or a branch of the root may therefore 

be broad or narrow. 
* " . • • * 

Each description of the individual tooth types is followed by a table containing the available measurements 
of all specimens. The height of the crown of worn teeth and that of immature roots have also been included; 
however, in such cases the measurement is within bracket*. In the same way are noted measurements concerning 
partly damaged crowns or roots. 

In the course of this study it became apparent that it would facilitate the description if special symbols 
were.given to signify the degree of attrition and the state of development of the roots. The degree of attrition may 
best be expressed by numericals as follows: . '•J 4. -

• • » ' • . -

$£££• W^^MM^m* 
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0 - germ (g) or just erupted tooth without any trace of attrition (example: figs. 33, 165). 

1 -slight attrition of the most projecting parts of the chewing surface (example: figs. 27, 140). 

2 - slightly more advanced attrition, especially of the tips of the cusps (example: figs. I, 139). 

3 - still more advanced than in 2 (example: fig. 161). v 

4 - cusps completely worn off but with their bases preserved (example: fig. 42). 

5 - involving the valleys between the cusps to a large extent (example: figs. 28, 147). 

6 - the entire chewing surface worn off (example: figs. 2, 98, 120). 

7 - the pulp cavity exposed and filled with secondary dentine (example: figs. 60, 142). 

8 - the entire crown worn off almost up to the neck (example: figs. 68, 277 P1). 

These definitions apply especially to premolars and molars but may also be used to a certain extent when 

dealing with incisors and canines. However, it is self-evident that in some cases it may be difficult to determine the 

exact degree of attrition especially when the wear of the tooth is not uniform. In such cases two stages of attrition 

may be combined.- . . * < • ? • > ; . : • • * .«/ :*. 

The condition of the root also requires a special definition. Abbreviations used are as folio<vs: 

or-germ without root (example: fig. 78). 

9). 

1 

Dpment (example: fig. 39). 

its full size (example: fig. 38). 

;x (example: figs. 13, 139). 

l r - root in the first stage of development (example: fig. 39). 

2r - root developed to one half of 

3r - root with widely extended apex 

fr - fully developed root. 

With respect to measurements the best instrument is a small sliding compass with broadened legs and provided 

with a vernier. In order to measure the correct greatest length or breadth the crown or the root as a whole 

is placed between the two legs perpendicular to the respective main axes of the tooth. The precise deter

mination of the height of the crown is more difficult. It goes without saying that this measurement was taken 

for comparative purposes only when the tooth was completely intact. Because of the difficulty to define the 

vertical height of crown or root above the plane of the base, I confined myself to the determination of the distance between 

tip and lowest boundary of the enamel on the buccal side. This distance was measured also in cases in which the root 

was bent at the tip. 

In order to better demonstrate the results derived from comparative measurements of individual tooth specimens, 

I made use of the graphic method which was applied for the first time in my study on the development of the chin 

(1934). This particular method has the advantage of revealing differences or similarities at first sight. As an ex

pression for the bulkiness of the tooth which is referred to as the "robustness" in the following pages the product of 

length and breadth measurements has been used. The values thus obtained, however, are only of comparative nature 

and do not represent the measurements of a real area. For further explanation see the chapter on the size of the 

teeth. 

M A T E R I A L 

This study is based on 147 Sinanthropw teeth from the main deposit (Locality I) of Choukoutien. As mentioned 

in the preface, with the exception of two teeth described by Zdansky (1926), the entire material was at my disposal. 

The specimens were recovered at different levels during the course of the excavations from 1927 to 1937 and ranging 

from Locus A to Locus O . Of the total number of 147 tooth specimens 64 represent isolated teeth not connected 

with jaw fragments, while the others are within their jaws, thus making an accurate determination possible. In certain 

cases, it is true, teeth were found in isolated conditions but nevertheless in immediate contact with the pertaining jaws 

(mandible of Locus K) or with fragments of the jaws or pertaining skulls (upper teeth and upper jaw of Locus L). 
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All teeth bear human characters and undoubtedly belong to Sinanthropus pekinensis the only hominid recovered 
from the locality in question. In one instance only the germ of an upper incisor formerly erroneously designated as 
representing an I2 of Sinanthropus Locus A was found on closer examination to be the germ of an l1 of Macacus 
robuslus Young. Special mention of this specimen will be made below. This Mccacus complete skulls of which 
have been recovered represents the only other primate derived from Locality I. 

A considerable number of the tooth specimens, namely 31, are represented by germs or just erupted teeth 
and therefore do not show any attrition, while 11 additional specimens exhibit only the first degree of wear. These 
facts are of the greatest importance since only teeth the chewing suiface of which is completely intact permit an 
accurate recognition of their characteristic features and thereby an incontestable determination of the species in question. 
In respect to the estimation of the condition I am in perfect agreement with H . Virchow (1920) and other authors. 
The former states that only those teeth which are completely intact present a sound basis for morphological analyses, 
that is to say, they must be free not only from strong attrition but even from faint wear. 

The correctness of this statement was borne out most strikingly by the Heidelberg mandible. Aichel (1917) 

came to the conclusion that the molars of the latter jaw revealed a type fundamentally different from the anthropoids, 

the first representing a pure *'cusp-type" and the latter a pure "wrinkle-type". In reality the molars of the 

Heidelberg mandible are so strongly worn that only the bases of the cusps are preserved and all the wrinkles, if ever 

present, have become entirely obliterated (fig. 301 </). 

Another advantage is that most of the teeth equipped with roots show all stages of development. Only in a 

few instances the roots are completely or partly broken off. 

The state of preservation of almost all the tooth specimens is excellent, with the exception of a few which 
are either broken or otherwise damaged. A certain number show fine cracks without displacement of the individual 
parts. Not one of the specimens reveals any indication of decay. Where the attrition has advanced to such an 
extent as to expose parts of the pulp cavity, it is covered by a thick layer of secondary dentine (see below). 

Among our collection the complete permanent dentition of both sides is represented. As to the deciduous 
dentition no upper teeth have been recovered until now. Moreover, it is interesting that only one isolated deciduous 
tooth has been found. 

. The most striking general peculiarity of all teeth is their great variation in size. As demonstrated elsewhere 
(1935) this variation is much more pronounced than in recent man, especially when a small and uniform population 
living in the same e:.vircnmeit and under the same conditions is taken for comparison. My earlier contention that 
this vaiiation may be due to sex differences has in the meantime received further support by the recovery of two Sinan

thropus skulls (I and II, Locus L), together with upper teeth. One of these skulls (I) is large and according to its 
general appearance that of a male individual, while the other (II) one is small and that of a female. With respect 
to the teeth, those of the large type were derived from the same site as the male skull, and the small ones together with 
fragments of the upper jaw from the same site as the female (1937 b) skull. Thus it is rather evident that the large 
type of teeth belongs to male individuals and the small to females. I shall return to this question below. 

In the following catalogue the entire material of tooth specimens is listed, arranged according to type, side, 
sex, age, degree of attrition, site of recovery and relationship among themselves and to other Sinanthropus remains. 
With legard to the latter the reader is referred to my publication on the Sinanthropus population (1935) in which 
attempted to attribute the various teeth to certain individuals from the respective sites. I wish to remark, however, 
that some data given in the earlier publication are here corrected in conformation to new findings. The teeth listed 
are arranged according to their type and to the individuals to which they belong. The determination of sex implies 
that the tooth belongs to the large (cf) or to the small ( ? ) type. 
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CATALOGUE 

I. PERMANENT DENTITION $$; 

A. Isolated teeth 

^ ^ e ^ 

;4i 

its 
$&f* 

Cur
rent 
No. 

1 
2 
3 
4 

5 

6 
7 

8 
9 

10 
11 
12 

13 
14 
15 
16 

17 
18 

19 

20 
21 
22 
23 
2 4 ' 

Type 

I1 

I1 

I1 

I1 

I, 

l2 

l2 

i.; 
Li 
i, 
i, 

a 
C 
c a 
c; c, 
p i 

p. 
Pi 
Pi 
Pi 
p. 

Side 

It 
rt 
It 
It 

It 

rt 
rt 

It 
rt 
rt 
It 
rt 

It 
rt 
It 
rt 

It 
It 

rt 

rt 
rt 
It 
rt 
It 

Sex 

F 
F 
M 
M 

F 

F 
M 

F 
F 
F 
F 
F 

F 
M 
F 
M 

M 
F 

M 

M 
F 
F 
F 
F 

Age 
in 

years 

8-9 
8-9 
ad. 

13-14 

ad. 

6 
13-14 

7-8 
7-8 
9-10 
ad. 
7-8 

8-9 
ad. 
ad. 

13-14 

ad. 
ad. 

13-14 

8-9 
ad. 
ad. 
ad. 
ad. 

Root 

3r 
3r 
fr 
3r 

fr 

g;lr 
3r 

2r 

3r 
fr 
2r 

Ir 
fr 
fr 
2r 

fr 
fr;br 

3r 

lr 
fr 

fr;br 
fr 

1 fr 

Degree 

attrition 

1 
1 
6 
2 

5 

0 
1 

0 
0 
0 
5 
0 

0 
4 
5 
0 

7 
7 

0 

0 
5 
5 
6 
8 

Site of 
recovery 

B 
B 
D 
F 

D 

F 
F 

A 
A 
C 
D 
K 

C 
D 
D 
F 

C 
C 

F 

C 
D 
F 
H 
H 

Cat. 
No. 

65 
80 
41 
33 

40 

30 
36 

57 
58 
49 
42 
97 

48 
38 
39 
32 

29 
52 

35 

47 
44 
31 
13 
15 

Individual* 

BI 
BI 
DII 
F1V 

D I 

FII 
FIV 

A I 
A I 
C I 
D l 

Kir 
C I 
DII 
DI 
FIV, 

CII 
CIV* 

FIV 

cm 
DI 
Fi l l 
HI1 
H I 

ti.,>. frigure 
XT 

No. 

4 Loj 249 
3; 274. 
2 b,l,m,d fo 
1 b.l.m.d.o 

28 b,l,m,d 

191; 250, 251. 
18 b.l.m.d.o * 1 

33 b.l.m.d; 253 •' 

34 b.l.m.d 
36 b.l.m.d 
37 b.l.m.d 

39 b.l.m.d; 256 
42 b.l.m.d.o; 255 
43 b.l.m.d.o 
38 b.l.m.d.o; 257, 260 

60 b.l.m.d.o' 
53 b.l.m 

64b,l,m,d.o;260.267.325 

80 b.l.m.d.o; 270. 272 
87 b.l.m.d.o 

89 b.l.d 

Remarks 

".*. •"; i(«.» 

•/• V-iV';'« •"*J*''.^-',."i» ^r»-f*'''' 

broken 

*vi* • ' 'tit. '• **.'/• 

'Belongs to II cf. Dental 
formulae 

* cf. Dental formulae—appended hereto. 
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o 
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Type 

P2 

P2 

P2 

P2 

Pa 
Pi 

M1 

M1 

M1 

M. 
M» 
Mt 
M t 
M t 

M2 

M2 

M2 

M2 

Ma 
Ma 
Ma 

M3 

M3 

M3 

M3 

M, 
M. 

Side 

It 
It 
It 
rt 

rt 
rt 

It 

rt 
It 

It 
rt 
It 
rt 
It 

rt 
It 
It 
rt 

It 
It 
rt 

It 
rt 
rt 

It 
rt 
It 

Sex 

F 
F 
F 
F 

M 
F 

M 

F 
M 

F 
M 
M 
M 
F 

F 
F 
F 
F 

F 
F 

1 F 

F 
F 
F 
F 

M 
F 
M ' 

Age 
in 

years 

7-8 
8-9 
6 
ad. 

8-9 
ad. 

ad. 

ad. 
ad. 

7-8 
ad. 
9-10 
9-10 
ad. 

ad. 
8-9 
5-6 
ad. 

8-9 
5-6 
ad. 

ad. 
6 
ad. 
ad. 

ad. 
ad. . 
8-9 

Root 

lr;br 
or 
or 
fr 

or 
fr;br 

br 

fr 
fr 

2/3r 
fr • 
3r 
3r 
fr 

fr 
or 
or 
fr 

or 
or 
fr 

fr 

fr 
fr 

IT 

Degree 
of 

attrition 

0 
0 
0 
6 

0 
2 

6 

3 
5/6 

2 
5 
2 
2 
? 

, 6 
0 
0 
3 

0 
0 
3 

2 
0 
3 
3 

5 
0 
0 

Site of 
recovery 

A 
B 
F 
I 

C 
F 

C 

D 
D 

A 
A 
C 
C 
1 

A 
B 
B 
D 

B 
B 
D 

F 
F 

•H 
1 

B 
D 
F 

Cat. 
No. 

68 
66 
27 
88 

46 
37 

62 

28 
50 

I 
56 
45 
53 
87 

54 
67 
79 
51 

63 
75 
43 

34 
26 
14 
89 

64 
61 
25 

Individual 

A I 
B I 
FII 
11 

cm 
Fil l 

CII 

D I 
D II* 

A I 
A III 
C III cm n 
A H 
B I 
BIV 
D I 

BI 
BIV 
D I 

Fi l l 
FII 
HI I • 
I I 

BII 
DI 
F I 

Figure 

77 b.l.m.d.o 

78 b.l.m.d.o 
214 m,o 

96 b.l.m.d.o; 271. 273 
103 l.d.o 

v276 
I09m,d,o; 110 

• 

144 o 
147 b,m,o 
139 b.l.m.d.o; 294, 311 
138 " 
142 b.l.m.d.o; 311 

114 b.l.m.d.o: 278 
1l3b,l.m,d;275 
119 b.l.m.d.o 

166 o 
165 b.I.o; 290 
161 b.l.m.d.o 

130 b.l.m.d.o; 279 
128 o; 281 
129 o; 280 
136 b.l.m.d.o 

176 b.l.m.d.o; 295 

177 b.l.m.d.o; 296 | 

Remarks 

——-———____ 

Damaged 

only half of the crown 
is preserved 
roots partly broken off 
* belongs to L I both buccal 
roots broken off 

broken 

roots partly broken off 

¥ 

roots partly broken off 

roots completely broken off 



Teeth in connection with jaws or skulls 

Cur
rent 
No. 

53 

54 
55 
56 
57 
58 
59 

60 

61 
' 62 

63 
64 
65 
66 
67 

68 

69 

70 
71 

1 72 

73 
74 
75 

76 
77 

78' 

79 

Type 

I1 

U 
1. 
Ii 
Ii 
Ii 
Ii 

I2 

I. 
1. 
Ii 
la 
la 
I, 

c 
e 
C, a 
c, 
c, 
c, 
c, 
p i 

p i 

P1 

p i 

Side 

It 

rt 
It 
rt 
rt 
It 
It 

It 

rt 
It 
rt 
rt 
It 
It 
rt 

It 

It 

It 
rt 
It 

It 
rt 
It 

rt 
It 

rt 

It 

Sex 

F 

F 
F 
M 
M 
M 
M 

F 

F 
F 
M 
M 
M 
M 
F 

M 

F 

F 
M 
M 

M 
F 
M 

M 

M 

F 

F 

Age 
in 

years 

ad 

8-9 
8-9 
8-9 
11 
11 
ad 

ad 

8-9 
8-9 
8-9 
11 
11 
ad 
ad 

ad 

ad 

8-9 
11 
11 

ad 
ad 
ad 

ad 
ad 

ad 

ad 

Root 

fr 

fr 

fr 

fr 

fr 

fr 

1/2 r 

1/2 r 

fr 

fr 
fr 

fr 

fr 

Degree 
of 

attrition 

7 

1 
1 

2 
2 
4 

7 

1 
1 

2 
2 
6 
7 

4 

6 

0 
0 
0 

4 
7 
5 

7 
7 

8 

8 

Site of 
recovery 

L 

B 
B 
B 
B 
B 
G 

L 

B 
B 
B 
B 
B 
G 
H 

L 

L 

B 
B 
B 

G 
H 
K 

L 
L 

L 

L 

Cat. 
No. 

99 

3 
3 
9 

77 
77 

6 

99 

3 
3 
9 

77 
77 
6 

83 

98 

99 

3 
77 
77 

6 
83 
96 

98 
98 

99 

99 

Individual 

L II Skull 

B I mandible 
B I " 1 
B III w 

B V *• 
B V •• . 
G l 

L II Skull 

B I mandible 
B I 
B III « 
B V " 
B V M 

G l " 
H I V " 

L I Skull 

L II Skull 

B I mandible 
B V - M 

B V " 

G l " 
H I V M 

KI 

L I Skull 
L I Skull 

L II Skull 

L II Skull 

rigure 

27 1; 252 
27 1; 232 

265,302 
26 b; 265.302 
283; 302 

27 I; 252 
27 I; 252 

302 
26 b; 265; 266 ?&" 
283 

62 b; 73 d; 254. 259. 263 

73 m; 262. 263 

50 b.l.m.d.o; 261 
51 b.l; 265 
52 b.l.d; 265. 266 

54 b.56 I; 283 

55 b.l.m.d; 287 

65 b.l.d.o; 73 c; 259. 264. 
268 
68b.I .m;73d; 127; 262; 
264; 269 
277 

« 

Remarks 

crown broken off 
possibly female 
possibly female 
root broken off 

crown broken off 
possibly female 
possibly female 
root broken off 

root in connection 
with the jaw 

removed by preparation 
erupting, possibly female 
partly exposed by prepara
tion 

damaged, not connected 
not connected 

within the jaw 

within the jaw, crown"' 
damaged 

B. 

StSS 



B. Teeth in connection with jaws or skulls (cont'd) S 

* ** -

Cur
rent 
No. 

80 
81 

82 
S3 
84 
85 

86 

87 
88 

89 
90 
91 
92 
93 

94 
95 

96 
97 
98 
99 
WO 
101 
102 

103 

104 
105 

Type 

P. 
Pi 

P, 
P j 
Pj 
Pi 

P2 

P2 

P2 

P. 
Pa 
Pi 
Pi 
Pi 

M1 

Ml 

M, 
Mt 
Mt 
M, 
M, 
Mt 
M, 

M2 

M2 

M2 

Side 

rt 
rt 

rt 
It 
rt 
It 

rt 

rt 
It 

rt 
rt 
It 
rt 
It 

rt 
It 

rt 
rt 
rt 
rt 
It 
rt 
It -

rt 

rt 
It 

Sex 

F 
M 

M 
M 
F 
M 

M 

F 
F 

F 
M 
M 
F 
M 

F 
F 

F 
F 
M 
M 
M 
F 
M 

M 

F 
F 

Age 
in 

years 

8-9 
11 

ad 
ad 
ad 
ad 

ad 

ad 
ad 

8-9 
11 
ad 
ad 
ad 

ad 
ad 

ad 
8-9 
8-9 
8-9 
ad 
ad 
ad 

ad 

ad 
ad 

Root 

lr 
— 

fr 
— 
— 
fr 

— 

fr 
fr 

lr 
1/2 r 
— 
M M 

fr 

fr 
fr 

„ _ 

— 
2 r 
2 r 
m 

m-m 

fr 

fr 

fr 
fr 

Degree 
of 

attrition 

0 
0 

6 
6 
7 
6 

7 

6/7 
6/7 

0 
0 
6 
7 
6 

7 
7 

7 
3 
1 

2/3 
7 
8 
7 

7 

6 
• 6 

Site of 
recovery 

B 
B 

G 
G 
H 
K 

L 

L 
L 

B 
B 
G 
H 
K 

L 
L 

A 
. B 

B 
F 
G 
H 
K 

L 

L 
L 

Cat. 
No. 

3 
77 

60 
6 

83 
96 

98 

99 
99 

3 
77 

6 
83 
96 

99 
99 

2 
3 
9 
5 
6 

83 
96 

98 

99 
99 

Individual 

B I mandible 
B V M 

GI 
GI 
HIV " 
KI ;• 
L I Skull 

L 11 Skull 
L 11 Skull 

B I mandible 
B V M 

GI 
HIV M 

KI " 

L II Skull 
L II Skull 

A II mandible 
BI 
BUI 
F I 
GI 
HIV 

i 

* 
i 

< 
« 

KI 

L I Skull 

L II Skull 
L II Skull 

Figure 

79 b,l,m,d,o,372 
83 b,l,o; 265,266 

82 b.l,m,d,o; 91 
283 

86 b,l,m,d,o; 287 

75 b.l.m.d" 
127 o; 277 

97 b.l.m.d.o; 273, 274 
101 b,l,m.d,o; 273 
283 

98 b,l,m,d,o;287 

313 a 
127 o; 277 

180. 284, 289 
145 o 
140 b,I,m,d,o 
148 b.l.m 
283 

141 b,l,m,d,o; 287 

120 b.l.m,d,o; 313 b 
127 o; 122 m; 277 

' • • • ; " . » 

Remarks 
••"'-Sj?'* '1**4-* 

removed by preparation; 
possibly female 
loose tooth 

damaged 
..^^.^KMty***** 

demaged, not in connec
tion 

#**) 

removed, by preparation 
possibly female 

*':,V*T 
•?**••"' 

, " . - . . . . » . 

• ••:> " ; . ' ' : • * • ' 

root broken off 
•*'j.,V i»*j»JV^.' 

•' ??**• *>^f. *̂  ?,""-'" 

;•*£•?•' j «vJ- \ « - \ «V« 
A' *'•&"£.' "ClrHy .?'?*?'•• &.» ^ 7 ' 

possibly M1, no connec
tion; crown damaged, only 
b-d root preserved 

%v *'•• 

•;&?« 

-0 

O 

o 

2! 
S 

o 

5: 
O 
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B. Teeth in connection with jaws or skulls (cont'd) 

Cur
rent 
No. 

106 
107 
108 
109 

no 
111 

112 
113 

114 

115 
116 
117 

Type 

Ma 

Mi 
M2 
M3 

M3 

M5 

Ma 

M, 
M3 

M3 

Side 

rt 
rt 
rt 
rt 
It 
It 

rt . 
It 

rt 

rt 
It 
rt 

Sex 

F 
F 
M 
M 
M 
M 

F 
F 

F 

M 
M 
F 

Age 
in 

years 

ad 
8-9 
8-9 
ad 
ad 
ad 

ad 
ad 

ad ' 

ad 
ad 
ad 

Root 

g 
g 

fr 
fr 

fr 

Degree 
of 

attrition 

6/7 
0 
0 

6/7 
6 
6 

5 
5 

5 
5 
8 

Site of 
recovery 

A 
C 

. F 
G 
G 
K 

L 
L 

A 

G 
G 
H 

Cat. 
No. 

2 
4 
5 
7 
6 

96 

99 
99 

2 

7 
. 6 

12 

Individual 

A 11 mandible 
C I 
F I 
G l 
G I " 
K i 

L II Skull 
L 11 Skull 

A II mandible 

G I 
G I 
H I M 

Figure 

108, 284, 289 
164 o 
163 o 

283 
287 

135 b.l.m.d.o 
127 o; 277 

I72b,l.m,d, 173 a.b, 180, 
284, 289 
174 
175. 283 

Remarks 

damaged 
j 

II. DECIDUOUS DENTITION 

Teeth in connection with jaws 

Cur
rent 
No. 

118 
119 
120 

j 121 
122 
123 

I 124 
125 
126 
127 
128 
129 

Type 

ii 
is 
c. 
C/ 
c. 
m i 
m i 
m i 
ma 

m j 
m j 

m2 

Side 

rt 
rt 
rt 
rt 
It 
rt 
rt 
rt 
rt 
rt 
rt 
rt 

Sex 

F 
F 
F 
F 
F 
F 
M 
F 
F 
M 
F 
M 

Age 
in 

years 

5-6 
5-6 
5-6 
8-9 
8-9 
8-9 
8-9 
5-6 
8-9 

1 8-9 
5-6 
11 

Root 

— 
— 
— 
— 
— 
_* 
__ 
—_ 
— 
—. 
—̂  
—» 

Degree 
of 

attrition 

2 
__* 
0 
4 
4 

5/6 

2-3 
6 
6 
3 
7 

Site of 

recovery 

B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 

Cat. 
No . 

76 
76 
76 
*3 

3 
3 
9 

76 
3 
9 

76 
77 

Individual 

BIV mandible 
B I V •' 
B I V M 

BI 
BI 
BI 
B III M 

B I V M 

BI M 

B III 4I 

BIV " 
B V u 

Figure 

186 b.l.m.d.o; 299, 303 
299. 303 
183 b.l.m.d.o; 299. 303 
191.252 
190 b.l.m.d; 252 ' 
199 
341 
194 b.l.m.d.o; 299, 303 
199,211 b 
204 
202 b.l.m.d.o; 299. 303 
203 

Remarks 

crown damaged 

••'••3^,5 

crown broken off 
i*** • 

'•V^v^^A,"v'<-':% C"\ * 
'•§&$' 

' ^ ' ^ c 

possibly female 

>;tf%! 
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2: 
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o 
a 
J2"* 

»* O 
t> 
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o 
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• ^ r 

During the excavations in the spring of 1937 additional Sinanihropus teeth 
t • 1 71. , A J J j - ,. J W C r e r e c o v e r e d b u t t o ° l a t e to be included in the list of 

matenal. These teeth are now recorded accordmg to the date of recovery. They receive a temporary number followed by an apos t«1 
in order to distinguish them from our permanent record. <*posiropny 

Cur
rent 
No. 

Type 

130' 
131' 
132' 
133' 
134' 
135' 
136' 
137' 
138' 
139' 
140' 
141' 
142' 
143' 
144' 
145' 
146' 
147' 

P, 
M3 
Pi 
P2 

M, 

M3 
M.(M2)| 
M a . 
ma 
M1 

I2 

P1 

P2 

M1 

M2 

M3 

M, 

W*: 

Side Sex 
Age 
. in 
years 

Root 

rt 
rt 
It 
It 
It 
rt 
It 
It 
It 
It 
It 
It 
It 
It 
It 
It 
It 
It 

M 
M? 
M 
M? 
M 
M? 
M 
M? 
M 
F 
F 
F 
F 
F 
F 
F 
F 
M 

ad 
c.10 
ad 

c.10 
ad 

c.10 
ad 

c.10 
ad 

c.4-5 
c.4 
ad 
ad 
ad 
ad 
ad 
ad 
ad 

Degree 
of 

attrition 

Site of 
recovery 

fr 
2t 
fr 
br 
fr 

3 r 
fr 

3 r 
fr 
I r 
0 
fr 
fr 
fr 
fr 
fr 
fr 
fr 

3 
0 
3-4 
1 
4 
2 
4 
1 
4 
2 
0 
7 
6 
6 
6 
6 
6 
7 

Level 26 
" 26 
" 26 
" 25 
" 26 
" 26 
" 26 
" 25 
" 27 
" 27 
" 27 
" 29 
" 29 
" 29 
" 29 
" 29 
«• 29 
" 29 

Cat. 
No. 

301 
302 
303 
304 
305 
307 
308 
309 
310 
311 
312 
313 
313 
313 
313 
313 
313 
314 

• - ; V . : 

*&& §s&i *&& 

Individual 

M I 
L IV 
MI 
L IV 
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DENTAL FORMULA OF THE SINANTHROPUS MATERIAL* 
Explanation: left j right upper teeth 

j lower teeth 
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p i « ; C i . » | 
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•a^' . r - S - — 
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see j i 

l,(n)?i5l5)lp!(2.)!:M,(C45%,(5.) 
see L I 

M,(52)|M,(99);M,(/08) 

Teeth in situ or in connection with jaws or skull are in italics. 
Numericals within brackets refer to catalogue number. 
Abbreviation: Bl^described by Davidson Black, Zd = described by Zdansky, 
Completely broken, not included in the catalogue. 
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The recording of the data in the preceding catalogue and lists as well as the diagnosis of the types of isolated 
teeth was greatly facilitated by the fact that, with the exception of the central upper incisors and the upper canines, all 
types could be compared with those embedded within the jaws. Thus in exceptional cases only could the order of 
the molars be stated incorrectly. However, since the third molars, upper and lower, are so characteristic in their 
appearance, the possibility of mistaking them for first or second molars is very slight. In regard to the identification 
of first and second molars the degree of attrition is of great aid, especially when dealing with germs. The youngest 
Sinanthropus individual hitherto recovered in whom the first permanent molar has already erupted (B IV) is a child of 
about 5-6 years. Thus molar germs at hand probably belong to second molars. In attributing isolated teeth to certain 
individuals and thereby connecting them with other types of teeth found in the same level, the size, degree of develop
ment of roots and the degree of attrition serve as decisive factors. 

For the purpose of a better understanding as to how these data were derived, it is deemed advisable to give 
a brief description of the excavations at Locality I. As is described in "Fossil Man in China" (1933), in the field 
seasons of 1928-1929 excavations were carried out on the north side of the limestone wall downward to the bottom 
of the so-called "Lower Fissure." Sinanihropus material consisting of jaws, ckull and isolated teeth were recovered 
during this period and designated according to the site of recovery as material of Locus D, E and F . Since then 
the excavations were not confined to such small pit-like areas but extended over the entire area of the cave, starting from 
the top and gradually proceeding to the bottom. In this way the same levels of those Loci were exposed again but 
now in much larger horizontal layers. Following Davidson Black's method of designation the sites of recovery of 
additional Sinanthropus material have been called Loci I, K, L, etc. Thus the new level of Locus I corresponds to 
that of the former Locus C and that of the new Locus L to that of the former Locus D. This being the case, it is 
quite possible that some of the Sinanthropus teeth derived from Locus C and D may be related to material from Locus 
I and, indeed, the correctness of this assumption seems to be borne out by the upper right canine of Locus D recovered 
in 1929 which undoubtedly belongs to the dentition of Skull I of Locus L unearthed in 1936 and of which the left 
upper canine was found. These two canines correspond perfectly in size and shape of their crowns as well as of their 
roots and in the degree of attrition (compare figs. 42 d and 73 a). 

As is evident from the catalogue the number of each type is as follows: 

PERMANENT DENTITION: 
Upper teeth: l1 : 5; I2 : 4; C : 6; P1 : 6; P 2 : 9; M1 : 7; M2 : 8; M' : 7. 
Lower teeth: \x : 8; I2 : 12; C, : 8; Px : 13; P* : 7; M t : 14; Ma : 10; M3 : 10. 

DECIDUOUS DENTITION: • *;£• 

Upper teeth: None 
Lower teeth: ii : I; 12 : 1; c : 5\ mi : 5\ ma : D. 

The total number of upper permanent tooth specimens is thus 52 and of lower 82. The larger number of lower 

teeth is due to the presence of many isolated lower mandibles the upper jaws or skulls of which are missing. 

In the publication on the Sinanthropus population (1935) I gave a list of the entire material then at hand 
arranged according to the sites of recovery and the supposed individuals. The list given here completes the first 
and includes corrections which-had to be made in view of the more exact data available at present. The list show 
that we are now dealing with 32 individuals represented entirely or partly by tooth remains; 20 of them are adolescent 
or adult individuals and 12 children from 4 to 14 years of age. As to the sex. 16 individuals are males and 16 
females, namely 6 male children and 10 male adults and 6 female children and 10 female adult individuals. The 
entire Sinanihropus population of Choukoutien represented today is approximately 36. It is possible though that in 
two cases remains considered as representing a separate individual belong to one already listed. This would reduce 
the total to 34 individuals. ••-/;£; 
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I. COMPARATIVE DESCRIPTION OF INDIVIDUAL TYPES &&& 
«v— 

A THE PERMANENT DENTITION 

I. INCISOR 

a. UPPER INCISORS 

The central incisor (figs. 1-4, 247, 249). 

The description of the central upper incisor is based on four isolated and well preserved specimens of which 
only one is worn to a greater extent. Although we have not recovered any upper central incisors embedded in the 
jaw, yet the form of these teeth and the differences between those of the right and left sides are so apparent that their 
correct determination was made without difficulty. Two of these incisors may represent the large type and hence 
pertain to male and two to the small type and hence belong to female individuals. 

The central incisor is characteristic by its large, wide and relatively flat crown. The buccal surface is 
strongly convex in sagittal as well as in transversal direction as seen in figs. 1, m, </, o; 3 , o and 4, o. The lingual 
surface is considerably deep in the middle due to the sides being not only strongly thickened but also folded around 
lingualward, especially on the distal side (figs. 247 and 249). Thus the lingual surface gives the impression of having 
the shape of a shovel (see below). This feature becomes particularly distinct when the tooth is viewed from the 
occlusal side (figs. I, 3, 4; o). In all specimens at our disposal the crown ends in a slightly curved cutting edge. 
Whether there had been a crenulated rim as may be supposed cannot be defined on account of the attrition under
gone by all of the available incisors. In combination with this shovel-shaped appearance there is another char
acteristic feature with respect to the basal part. The lateral borders are here united by a strong median eminence, 
the so-called basal tubercle (tuberculum dentale). This tubercle slopes towards the middle pit of the surface and 
its free border is divided into several finger-like prolongations which end abruptly after a longer or shorter course 
(figs. I, 3, 4; I). The union of the two lateral borders with the tubercle does not occur in the same level, the 
mesial border in most of the cases courses somewhat more towards the base than the distal one. Yet this feature 
does not present a reliable criterion for the definition of mesial and distal borders and thereby the right and left 
tooth, because the distal border also may at times continue still further towards the base (compare figs. 3 and 4, /)• 
A reliable criterion, however, may be found in the distal border which continues to the cutting edge by a distinctly 
outward curved line, while the mesial border meets the edge at a straight right angle. This peculiarity is still more 
pronounced in recent man and represents the so-called **angle-character** (Winkelmerkmal, fig. 5; o, 1). The 
phenomenon that—in recent man—the mesial part of the buccal surface appears stronger vaulted in the transversal 
plane than its distal part was noted by Miihlreiter and termed *'curvature-character** (Krummungsmerkmal). As figs. 3, 
o and 4, o demonstrate, in Sinanthropus the distal part in particular is the more salient one, although this feature 
may be completely absent (fig. 1, o). 

The root of the central incisors exhibits an awl-shape. It is thick and round but slightly flattend at the neck 
part in buccolingual dimeter and gradually tapering toward the tip. The distal side occasionally bears an indication 
of a very shallow furrow (figs. | , d and 3, /)• The widened neck part of the root continues directly into the crown 
without any constriction at the neck with the exception of the buccal and lingual surfaces of the crown which project 
beyond the neck. The boundary between the crown and the root lies on the buccal and lingual sides in about the 
same level. Occasionally the former or the latter reaches slightly lower while on the mesial as well as on the 
distal sides of the tooth it is pushed forward considerably towards the crown. % 

. . Miihlreiter called attention to the fact that in recent man the longitudinal axis of the root and that of the 
crown forms an obtuse angle—"profile angle** after Lenhossek—so that the edge of the crown recedes more or less 
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lingualward (fig. 5, m). It is remarkable that such an angle docs not exist in Sinanthropus, where the axis of the 
crown courses in the same direction as that of the root (figs. I, m, d and 2, m, d) and where the edge of the crown 
and the tip of the root are placed in straight line. This feature is of importance in regard to the position occupied 
by the central incisors in connection with the prognathism of the upper jaw as will be shown below. For the same 
reason the angle formed between the wear facet and the longitudinal axis of the crown and root is worthy of 
note. As figs. I, 2 and 4 demonstrate, this facet forms an acute angle of about 54° with the axis in question. 

' . u i , » ^Tf'-^,:i'r $%.&C 

•**:&^®&xn.'&r!tiA 
TABLE I 

Measurements of central upper incisors 

crown 

I root 

• «•' -. • 

: ..... i . . . 

height 
length 
breadth 

height 
length 
breadth 

V." O.H9 

No. 1 *» 
9 , 

(10.4) 
9.9 
7.6 

7.3 
7.0 

3: a V 7 

No. 2 
9 

(8.4) 
9.8 
7.9 

18.3 
7.6 
7.6 

ii 
= No. 3 

(9.5) 
10.8 
7.5 

18.0 
8.2 
6.4 

1 
No. 4 

13.3 
10.7 
8.1 

ll.5 
8.0 
7.1 

No. 53 
9 

(4.3) 
-(7.2) *V 
7.5 

20.7 
5.1 
7.3 

The upper central incisor of Sinanthropus when compared with those of recent man (fig. 5) reveals other 
characteristic differences. Both crown and root are larger; the crown is longer and higher but the breadth 
is about the same; the neck line is less marked; the root is higher and more robust in all dimensions. As to the 
lingual surface of recent man there is a distinction between European and Mongol teeth. In the former the lateral 
borders are not at all or faintly folded lingualward with the lower part of the surface flat or slightly deepened 
(fig. 5, /), while in Mongols (Northern Chinese) these borders are thickened and bent considerably lingualward, so 
that the surface proper represents a kind of a cup or a real shovel (figs. I I , 13, 248). There is no doubt that the 
latter appearance is much more like that observed in Sinanthropus than in the European type (compare figs. 3, /; 4, / 
and 247 and 249 with figs. 5, /and I I , 13 and 248 respectively). 

Hrdlicka (1920) was the first one to call attention to the fact that the upper incisors of certain representatives 
of the Mongol race were distinctly shovel-shaped. In an earlier publication (1935) I remarked on the conformity 
of this type to Sinanthropus incisors and the entire question will be treated below. At this moment I only wish to 
remove the objection raised by Adloff (1936, 1937) who, although quoting Hrdlicka in particular, disclaims the 
shovel-shaped character of the central incisors of Sinanthropus because of the presence of a strongly developed lingual 
tubercle. I fail to understand how the existence or non-existence of such a tubercle located at the base of the 
••shovel" has any connection with the special shape of the lingual surface itself. Hrdlicka himself (1920) defines the 
shovel-shape as "of a peculiar pronounced hollow of the lingual surface of the teeth, bounded laterally or surrounded 
by a well defined elevated enamel border." This is exactly the same feature as found in the Sinanthropus incisor. 
The special configuration of the basal tubercle affects the surface itself not any more than the way in which a handle 
is fixed to the shovel. Figures I, 3, 4 and 247 and 249 demonstrate the shovel shape of the Sinanthropus incisors 
clearly and show that it is a fact and not an interpretation. 

lis 
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In recent man the lingual tubercle projects more or less at its base but its finger-like prolongations toward the 

deepened lingual surface vary considerably. In many of the cases they are represented by only a fine and short 

middle ridge as shown in fig. 5, /. There may be found, however, a more complicated pattern in other cases 

approaching closer to that of Sinanihropus. dc Jonge-Cohen (1926. 1928 in "Muhlreiter") reproduces a whole 

scries of such variations in recent man—his figs. 5, p . 295 (1926) and fig. 5 A - H (1928). This investigator believes 

that the tubercle as a rule is provided with two unequally long and broad small folds or ridges. In figures 9 10 12 

and 13 four different patterns are reproduced as they occur in recent man (see below). With regard to the root a 

comparison of figure 2 (Sinanthropus) with figure 5 (recent European) shows that there is no great difference in the 

general shape, with the exception that the root of recent man is reduced in all its dimensions. 

Thus, when comparing the Sinanihtopus incisor as a whole with that of recent man the most conspicuous dif

ference to be observed apart from that of size is the configuration of the Ungual surface, especially that of the lingual 

tubercle. As to how the actual relation between these contrasting incisor types may have been is revealed by 

incisors of the Neanderthal group. Gorjanovic-Kramberger (1906) and H . Virchow (1920) supplied good des

criptions and reproductions. T h e incisor of the Ehringsdorf child (fig. 6) for instance appears exactly as may expected 

of a transitional form between Sinanthropus and recent man. With respect to the size of the crown and root as well 

as its special appearance this incisor really is intermediary. The shovel shape of the lingual surface is not as 

pronounced as in Sinanthropus because of its lateral borders being less bent inward than in the latter. The 

Ehringsdorf tooth resembles in this respect the European type more closely than the Mongol one (compare figs. 6, 7, 8 

with I I ; 13) in which the lateral borders are much sharper set off against the lingual surface than is true in the European 

incisor. On the other hand the basal part of the lingual tubercle is clearly more protruding and the whole tubercle 

is stronger in the Neanderthal teeth than in the Sinanthropus incisors at hand, while the finger-like prolongations are 

smaller and less numerous. The latter is also true of the central incisor of the Krapina upper jaw E as may be 

seen from Gorjanovic-Kramberger*s Plate III, fig. 2a, where the tubercle forms a prominent swelling and the prolong

ations consist of only two or three ridges. In the Krapina tooth germ reproduced here in figure 7 there are three ridges 

but shorter and smaller than in the Sinanihropus incisor. T h e incisor of Le Moustier (fig. 8) shows the same feature 

as those present in Ehringsdorf and Krapina, namely a well developed tubercle with three ridges. It is of great 

interest to note that in the palaeolithic recent man of the "Upper Cave** of Choukoutie^n an incisor was found which 

also resembles in all its features almost completely those of Sinanihropus (fig. 9). 

A 
There can be no doubt that pronounced lingual tubercles with several finger-like prolongations extending toward 

shovel-shaped lingual surfaces represent primitive characters of hominid central incisors and that these features undergo 

a gradual reduction until they are almost completely lost in the course of human evolution. The variation occurring 

in recent man, examples of which are given in figures 9*13 and also in de Jonge*s figure 5 (see above), demonstrates 

that the original formation may be more or less retained in certain individuals without preference for a special race. 

This statement is strictly in contrast to Aichel's conception (1917). The latter, on the basis of observations on incisors 

of the Neanderthal group, disclaims the regressive character of the lingual tubercle and assumes the existence of two 

different incisor types already present in fossil hominids, namely the one with a complicated cusp and another like that 

of recent man. As is revealed by Sinanthropus such two-fold differentiation does not occur. The Sinanthropus 

incisors prove also that Adloffs (1907b) contention of a special differentiation of the lingual tubercle in the Neanderthal 

incisors and of its supposed absence in primitive hominids can no longer withstand the real facts. Both H . 

(1920) and Gregory (1921) have pointed out that a well developed lingual tubercle with its complicated surface pattern 

already characterizes the great apes. Although even here there exists a considerable individual variation (H- Virchow. 

1920; Remane 1921), the same configuration as in Sinanthropus and the Neanderthal group may be found in 

gorilla, orang and chimpanzee. In all great apes (figs. | 4 , 15, 17) the lateral borders are folded l.ngualward 
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so that the lingual surface shows a shovel-shaped appearance. The lingual tubercle occasionally is strongly developed, 
especially and rather regularly in gorilla in which the greatest part of the surface is occupied by the tubercle 
and the differentiation of its lower border (fig. 15). In orang (fig. 17) and chimpanzee (fig. 14) the same feature may 
be observed, though as a rule it is more simple in these apes. Thus, the lingual tubercle in the special form as in 
Sinanthropus is a characteristic feature of the anthropoid incisor. Although it has the tendency to reduce in the course 
of human evolution together with the general reduction of the size of the whole tooth, yet this regressive process does 
not follow an identical path for even in recent man occasionally there may be observed a feature more or less similar 
to that of Sinanlhropus (figs. 10 and 13). This condition of the entire tubercle-complex has likewise taken place in 
each individual group of anthropoids. Hence the supposition that we are dealing with a very primitive anthropoid 
character because of the absence of the complicated tubercle pattern in all the other Catarrhinae as well as in 
Platyrrhinae and Prosimians. Even in Hylobatidae which approach anthropoids closely in certain details of the teeth 
the special differentiation of the lingual tubercle of the upper central incisors is either absent or represented by an 
insignificant prominence in the middle of the upper rim which borders the lingual surface. For an example of 
the absence of the tubercle and its pattern in fossil macaque the reader is referred to figure 25 which illustrates a 
left central incisor. On the other hand the very primitive anthropoid character of the tubercle is proven by its 
occurrence in the central deciduous incisor of chimpanzee (fig. 16). The fact that Sinanthropus and other hominids 
have this tubercle complex in common exclusively with anthropoids and that the tendency to reduce occurs simultaneously 
in both cases can only be considered as an indication of the hominids falling within the special group of anthropoids 
and of not having been immediately derived from some unknown lower primate group. We shall return to this 
problem later. 

;?»&•'* 

The lateral incisor (figs. 18, 19, 250, 251, 345). 

It is a strange fact that the lateral upper incisor of Sinanthropus in our collection is represented only by two 
isolated immature teeth, a germ (fig. 19) and an erupted tooth but not fully developed (fig. 18), and one tooth in situ 
which is rather worn. According to size the tooth in situ and one of the immature teeth pertain to female individuals 
and the other to a male individual. 

In contrast to the central incisor the lateral incisor is a small tooth. This is especially true for the 
crown when compared with its own high and broad root (fig- 18) on the one hand and with that of the central 
incisor (figs. I, 2) on the other. The crown is relatively short in the mesiodistal diameter but broad in the 
buccolingual one so that it presents a wedge-like shape when viewed from the occlusal side with the edge directed 
lingual ward (fig. 19, o). The buccal surface is high and relatively narrow; it is well vaulted in transversal p l ane -
slightly more on its distal side—while it is flatter in sagittal plane. The distal side continues into the cutting edge 
with a rounded-off corner where the mesial side forms more of a right angle to that edge. Right and left incisors 
may be distinguished by this difference. The cutting edge itself is represented by a distinctly crenulated rim (fig. 
19, I); in the case of figure 19 there are two or four dents respectively. The lingual surface exhibits a deep fooea 

dentis, that is to say the thickened borders bulge strongly in lingual direction causing the lingual surface to appear in 
the form of a cup or a shovel with its deepest part at the base. The borders bear a fine edge which continues into 
the cutting edge and gradually thickens toward the base, without forming a distinctly separated lingual tubercle (figf 

18 /, 19 /)• A special differentiation may be slightly indicated by fine lines (fig. 19 I) or notches in the basal 
region of the bulging wall. 

The root differs considerably from that of the central incisor. In proportion to the crown it is higher and stronger 
and distinctly flattened in mesiodistal direction. The buccal surface of root and crown shows an equal convexity with 
that of the crown receding lingualward. Nevertheless, the longitudinal axes of the root and crown form a straight line 
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and do not display any deviation from the crown, neither in lateral nor in sagittal directions. The mesial as well as 
the distal root surfaces clearly exhibit longitudinal furrows. As in the case of the central incisor, root and crown are 
not separated by any distinct constriction in the neck part, although the mesial and distal sides of the crown bulge out 
considerably. The neckline on both of these sides reaches further downward than on the buccal and lingual sides, 
this sinuosity being more pronounced on the mesial than on the distal side. 
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Measurements of lateral upper incisors ' 

height 
length 
breadth 

height 
length 
breadth 

No. 6 
9 

11.9 
8.3 
8.2 

5.7 
8.0 

No. 7 

11.4 f 

|8.2 
8.1 

(17.3) 
6.2 
8.1 

No. 141' 
9 

(2.7)-
(6.0) <*° 
8.0 

19.0 
5.6 
7.6 

dtb 

The lateral upper incisor of Sinanthropus when compared with that of recent man (fig. 20) shows a conspicuous 
difference with respect to the height and robustness of the root. In recent man the root is lower, weaker, more awl* 
like and slender, especially in the neck part so that the base of the crown is protuberant all around. The crown is 
less stout in recent man but the size as a whole does not differ considerably. The cutting edge is either plain or 
bears two or more small dents. As in the case of the central incisor, the lingual surface in recent man shows quite 
a different aspect from that in Sinanthropus. Here again distinction must be made between Mongols and other races. 
In the latter (figs. 10 and 20, /) the surface in question is slightly concave with the surrounding borders elevated to a 
small extent only, although a lingual tubercle is distinctly developed. In the Mongol group of mankind (figs. 11 and 
251) these borders form thick and strongly protruding rims which give the crown the appearance of being shovel-shaped 
(Hrdlicka, 1920). Here also a lingual tubercle may be seen which however only represents the middle, more or 
less delimited, basal part of the surrounding borders. 

The incisor type of recent man can easily be traced back to Sinanthropus since the major differences pertain 
to the size only, especially when taking it as a basis for comparison with the Mongolian group. The Neanderthal 
man occupies an intermediary position in this respect also (figs. 21-23). This is especially true for the incisor of the 
man of Le Moustier (fig. 22) and the one of Krapina illustrated in figure 23. The essential dtlference from the incisor 
of recent man is the existence of a fairly well developed lingual tubercle which is divided by a fine notch into two 
small cusps. • The shovel shape is only faintly indicated so that the incisors of the two representatives of the 
Neanderthal group are much more similar to the European type of recent man (fig. 20, /) than to the Mongol 
(figs. 11 and 251). The incisor of the Ehringsdorf child (fig. 21) is characterized by a deeper fovea dentis but 

e i 

mainly by a large and protruding lingual tubercle; such a large tubercle is also present on the incisors or the 
Krapina maxilla E. The peculiar development of this formation has repeatedly been a topic of discussion (Adloff» 
1907b; Aichcl, 1917) and considered to be an indication of a special differentiation detached from the direct course 
of human evolution. It is true, Sinanthropus comes closer to recent man in this respect because of the absence of a 
particularly large or complicated lingual tubercle but this fact does not in the least mean that such a formation had 

•«*?&.* 
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, never occurred in Sinanthropus or in another similar forerunner of the Neanderthal man. • Krapina man serves as an 
excellent proof for in him all stages of development may be found—from small tubercles like those in figure 23 to 
larger ones like those in maxilla E and extraordinary large ones like those illustrated by Gorjanovic-Kramberger 
(1906) in his figure 41 (p. 196). The basal part of the lingual surface varies considerably in recent man also. 1 
wish to point out in particular the description and figures supplied by de Jonge-Cohcn (1926, 1928) from which it is 
evident that every variation from a big ostcoma-likc tubercle to its complete absence may be found without an indication 

, of preference for special races. The Ordos incisor (fig. 24) pertaining to palaeolithic recent man and described by 
Davidson Black (1927) shows a moderately shovel-shaped lingual surface with the middle basal part of its surround
ing border cut by fine fissures to form a separated lingual tubercle. 

In anthropoids the appearance of lateral incisors varies not inconsiderably. In gorilla and orang there does 
not exist a straight cutting edge like that in hominids, the edge being distinctly pointed in the former, whereas the 
chimpanzee resembles the hominids in this feature (fig. 14). The basal and central parts of the lingual surface 
of gorilla and orang are, in accordance with the tapering of the edge, more or less convex and deepen toward the 
lateral borders. In connection with this peculiarity the lingual tubercle is somewhat indistinct and represents only 
a general swelling of the basal part. The entire surface is concave in the chimpanzee (fig. 14), the surrounding 
borders forming a narrow and sharp rim while in most of the other cases the tubercle is represented by a mere 
thickening of the middle part of the basal border which likewise ends in a sharp rim. 

The feature of the formation in question is of special interest in monkeys. Our collection of Sinanthropus 
teeth contains an upper incisor derived from Locus A designated as Sinanthropus I2 left (fig. 25). As a matter of 
fact this tooth is very similar to the Sinanthropus tooth illustrated in figure 19, but it differs from it by a very fine 
rim on the cutting edge and by a peculiar fold along the longitudinal axis of the crown. The riddle of this dis
crepancy was solved when during the excavation last year a skull of a macaque child was recovered with deciduous upper 
teeth and germs of two central incisors exposed. These central incisors show exactly the same feature as the supposed 
lateral Sinanthropus incisor of figure 25. Thus* we were concerned with a macaque tooth and not with one of 
Sinanthropus. The most interesting fact, hov/ever, is that this central incisor of the macaque has the same appearance 
as the lateral incisor of Sinanthropus if the longitudinal fold of the former were disregarded. Therefore, it stands to 
reason that the central and lateral incisors of the Catarrhinas may originally have had a shovel-shaped lingual surface 
with rather equally thickened and rounded borders and without specially differentiated lingual tubercles. Such a 
differentiation took place to a greater extent in the central incisor and to a smaller extent in the lateral one of 
anthropoids. The lateral incisor of Sinanthropus only shows the beginning of that differentiation; in thê  Neanderthal 
group the tubercle is more developed while recent man occasionally follows Sinanthropus and then again the Neanderthal 
man. This assumption, I realize, contrasts the prevalent interpretation, namely that the variations occurring in recent 
man in all cases must be of a regressive nature and therefore derived from some corresponding formations which must 
have been still more developed in the ancestors. However, I arrived at the conclusion that the tubercles on the lingual 
side of the upper teeth do not follow this rule. Very strongly developed tubercles on the lingual side can be 
found to exist in lateral incisors and canines and first and second premolars of recent Chinese as well as European 
which by far exceed those ever observed in fossil hominids. The so-called Carabclli cusp on the lingual side of 
the upper molars belongs to the same category. I shall return to this question below. 

With regard to the feature of the central and lateral upper incisors in anthropoids Hrdl.cka (1920) claims, it 
is true that "rimmed and hollowed" incisors are not limited to man but may also be found in a great number of 
the apes. Yet the rim and fossa condition combined, according to him, does not occur in any o the anthropoids. 
This rim and the typical human fossa may be characteristic only to hominids. A, stated above, the formatior, • a 
hollow lingual surface bordered by a thick rim is in any case a pithecoid feature which, either alone or combined, 

may at time, be more developed in one or the other of the group, of Catarrh.,.*.. '••'.?>-
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The shovel-shaped incisors in recent mankind' Hrdlicka (1920), as has been pointed out above, was first in 

calling attention to the fact that shovel-shaped incisors were characteristic for certain Mongol groups of present 

mankind. He observed them in both central and lateral incisors but to a much higher percentage in the latter. 

According to that author, distinction must be made between the rim and the lingual fossa proper, the former being 

produced by marginal overgrowth of the enamel and of its subsequent lateral folding over the lingual surface. And 

then again Hrdlicka speaks of lateral enamel folds, a statement which gives the impression as if we were dealing with 

a formation of enamel only. A mere glance at worn incisors of both recent man and Sinanlhropus (figs. 2, / and 

3 , o) will show that the entire crown substance is folded inward, not only the enamel but also the dentine. Hrdlicka 

defined the formation of a lingual rim as keilodonty and that of a lingual fossa koilomorphy which he apparently con

siders to represent two entirely different phenomena independent from each other. Also in this respect I fail to agree 

with that author. The appearance of a hollowed lingual surface seems to me to be more or less dependent upon the 

existence of a folded border. In any case, Hrdlicka (1920) differentiates within the group of shovel-shaped incisors 

of recent man three different degrees of development. The better developed grades are designated by " s " , the 

less developed by *'ss*'. Teeth with slight but distinct indications are defined by tr • In Table III the results 

obtained by Hrdlicka for American Indian, Eskimo, Mongolian and Melanesian skulls are listed. 

T A B L E III '*?$ 

r&« 
,••"."' K \ . 

v',V?*. >i'V '̂ 
. 

Amerindians 
Eskimo 
Mongolian 
Mel anesian 

No. of 
unworn 

teeth 
examined 

(277) 
(40) 
(24) 
( 6) 

MEDIAN INCISORS 
(in %) 

>.»•*•*£> • - J 
s ss tr no s 

67 
37.5 
62.5 
33 

2.4 
47.5 
29 
33 

9.0 
15 
8.5 
— 

2.0 
— 

33 

No. of LATERAL INCISORS 
unworn (in %) 

teeth 
examined 3 &.' ss tr no s 

(300) 
( 37) 
( 24) 
( 6) 

76 
57 
75 
6.7 

17 
43 
25 
—— 

6 
— 
— 
33 

1 
«— 
—. 
* • • » 

The frequency of occurrence of shovel-shaped incisors in living individuals is given in Table IV. 

T A B L E IV 

A -

if 
IBS: 
Sft&c; 

'•'•' <r *v> '• • „ v. . -<•- '•#*. '}jr 

Whites: 

American Negroes: 

Chinese: 

Japanese: 

sex 

9 

9 

9 

cf 

MEDIAN INCISORS 
(in %) 

8 

1.4 
2.6 

4.9 
3.6 

66.2 
82.7 

77.9 

ss 

7.6 
5.2 

7.6 
8.0 

23.4 
12.5 

18.0 

tr 

24.5 
21.8 

33.0 
32.6 

1.3 
1.0 

— 

no s 

66.5 
70.4 

54.4 
56.0 

7.8 
. 3.8 

4.0 

LATERAL INCISORS 
(in %) 

s 

1.4 
1.0 

4.5 
3.8 

56.9 
68.8 

12.7 

S3 

8.8 
7.4 

12.8 
11.1 

24.0 
13.5 

20.3 

tr 

36.4 
29.9 

38.0 
33.4 

1.5 
1.0 

— 

no s 

50.0 
59.6 

42.1 
47.5 

9.5 
3.4 

4.0 
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Montehus (1933), although he did not give any further details, 'reports that he had observed shovel-shaped 
incisors in a high percentage of all six upper anterior as .well as lower anterior teeth in Giincsc individuals. He 
found such upper incisors in 7<?% and of the remaining 21% the incisors had either been lost or there existed an 
excessive abrasion or the shovel-shaped tooth was not developed at all. Thus, the real percentage of the frequency 
of occurrence was certainly much higher than that quoted by him. Nevertheless, Hrdlicka's and Montclius* figures 
demonstrate that the shovel shape is a normal tooth pattern among the Mongolian groups, whereas it represents a 
relatively rare feature among the Whites and Negroes. In an earlier publication (1935) 1 had concluded from those 
.facts that Sinanthropus, because of his central and lateral incisors showing the shovel-shaped pattern in a very pronounced 
degree, must be closer related to the Mongols of today than to any other racial groups. In addition I pointed out 
that in the European Neanderthal man such teeth are known to be present but due to their absence in present European 
mankind, it must be concluded that the special pattern was not transmitted to the European races. There are two 
possibilities which may serve as explanations of this difference between Sinanthropus and Mongol on the one hand 
and Neanderthal man and European on the other. One possibility is that in the latter case the pattern had disappeared 
in the course of evolution and the other is that Neanderthal man cannot be considered the direct forerunner of the 
European mankind of today. * A renewed study of the problem led me to the following conception. The lateral 
incisor is of greater importance in this respect than the central on account of its greater consistency in recent man ai 
proven by the results expressed in the percentage of occurrence above. In Krapina this incisor in particular shows a 
;considerabIe variation with the shovel shape well developed in maxilla E or only faintly indicated as in figure 23. 
.Therefore, it seems a greater possibility that this special pattern disappeared. If the latter should be true, its 
persistence in Sinanthropus and Mongolians is only all the more conspicuous and certainly supports the concept of 
a closer relationship between this fossil and certain types of recent mankind. 

Adloff recently (1936, 1937) objected to my earlier statements (1935) on this question. He claims (I) that 
shovel-shaped incisors do not exist in Sinanthopus nor in the Neanderthal man and (2) that teeth with this shape are 
exclusively found in recent man and (3) that they represent a peculiarity of all races. None of these assertions is 
correct. As already shown above, the existence of typical shovel-shaped central and lateral Sinanthropus incisors 
according to Hrdlicka's definition is not a matter of interpretation but a fact (compare figs. 1-4, 18, 19, 247, 249, 
251). The same holds good for the incisors of the Neanderthal group (compare figs. 6, 21, 22). As to the occurrence 
of these types in recent mankind the essential point is not that they may be found to a certain extent in all races in a 
minor percentage but that they occur in special races up to almost 100% as for instance in Eskimo, Chinese, at least 
as far as the lateral incisors are concerned, and that the same percentage must be taken to be characteristic for 
Sinanthropus. 

Hence there can not be the slightest doubt as to the existence of a closer relation of this fossil hominid to 

the Mongols of today than to any of the other recent races. In the presence of this fact all other details are of 

secondary importance. # 

• 
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b. LOWER INCISORS 

The central incisor (figs. 26-28 and 252) 

i • l . A Ut tooth and six embedded within their respective Jaw fragments. 
Of central incisors we haye two tsolated left teeth a _ , x ^ 

Three of the latter are right and three are left spectmens. As lo thetr « ^ » 
three the small ( 9 ) , the differences in size, however, are not very pronounced. 

j ,;U ,U->> of the lateral incisors (fig. 27). 1 he buccal surlace 
The crown is small, especially when compared w.th " - » « » . h i , e ^ c e r v ; c a , „ s h o w j . 

»h and fairly curved in sagittal a, well a, ,n transversal dnect.on (h>. 
is smooth an 
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slightly more prominent transversal band. The lingual surface is slightly concave with the lateral borders folded 
inward to a slight extent (figs. 26, 27). The cutting edge in all cases is worn, thus rendering a definition of the 
original appearance impossible. It may be assumed, however, that it was crenellated like the upper and the 
lateral lower incisors (fig. 33). It is somewhat surprising that a lingual tubercle in its proper form does not 
actually exist. Instead there is only a faint smooth swelling which is more marked in one case (fig. 28 /-</) than in 
the other (fig. 27). This swelling gradually disappears toward the concavity of the lingual surface. .,.-..£ 

The root is awl-like and well developed in its buccolingual diameter and compressed in mesiodistal direction 
(fig. 28). Its neck part is thick and slightly constricted when compared with the cervical part of the crown. On the 
buccal and lingual surfaces the enamel overhangs considerably more than on the mesial and distal sides with the 
result that a large sinuosity is present here, especially on the mesial side. The longitudinal axes of the root and 
crown form a straight line, with the base of the wedge-like crown projecting in buccal and lingual directions to an 
equal degree. 

TARI F V TABLE V 

cp C? >•»-« Measurements of^centriL lower .incisofs _ . ._ -^ fie^emen^--i^^-^^^^- aftavsftsr 

crown 

root 

height 
length 
breadth 

No. 5 
o 

No. 54 
9 

No. 55 
9 

(6.9) 
6.0 
6.4 

(7.8) 
6.8 
6.5 

(7.8) 
6.2 
6.1 

No. 57 No. 58 

(8.1) 
6.7 
6.2 

(9.1) 
6.3 
6.7 

height 
length 
breadth 

(17.2) 
3.9 
5.8 

(16.8) (16.8) 18.0 
3.9 
5.8 

18.0 

A o 59 
cf 

(6.8) 
6.2 
6.8 

No. 135' 

(9.0) 
6.7 
5.8 

(14.2) 
4.0 
5.8 

The differences between the lower central incisor of Sinanthropus and that of recent man are, much 

less important than those between the upper ones. As demonstrated by a comparison of figures 26-28 and 32 

the Sinanthropus crown is stouter and reveals greater details in mesial and distal views than the same tooth of recent 

man. • Although the lingual tubercle of the Sinanthropus incisor is very poor, this feature is even less developed in 

recent man. The root is bulkier in all dimensions in Sinanthropus. 

The Neanderthal man does not show any appreciable difference in crown pattern from that of Sinanthropus* 
The only difference worth noting is the lingual tubercle which in certain cases is somewhat more developed than in the 
latter (figs. 29 and 30). 

In all anthropoids the general shape of the central incisor is the same as in Sinanthropus. Differences when 
present concern the behavior of the lingual tubercle. This formation is represented by a low and heel-like lingual 
prolongation of the basal part including the cingulum in the great apes. An almost indistinct swelling rises from 
this heel proceeding upwards to the lingual surface, only to gradually disappear there. In orang, however, it 
becomes more distinct and may reach, in the form of a cone-like ridge, the cutting edge (fig. 31). 

The lateral incisor (figs. 26, 27, 33, 34, 36, 37, 252, 253) 

Of the latter type we have five isolated teeth and seven in situ. Four of the first group are immature ana 
free from attrition. Seven teeth pertain to the right side and five to the left. Eight teeth represent the small (female) 
type and four the large (male) type. ••iX-sty v£ v^'v.hw.. 
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In its general appearance the lateral incisor is rather similar to the central incisor, with the exception that 
it is larger both in respect to crown and root. Some interesting differences, however, may be observed in certain 
details. Apart from the size the crown is broader, especially in the region of the edge and more curved in sagittal 
and transversal directions than in the central incisor. - • The lateral borders are somewhat thickened and slightly folded 
lingualward, especially near the cutting edge, so that the lingual surface gives the impression of being faintly shovel-
shaped (figs. 27, 33 /, 34 /, 37 /). The cutting edge, where free from attrition, shows a very distinct crenulation 
consisting of four single dents of which the lateral ones are broadest. These crenulations are also to be observed on 
the buccal and lingual surfaces themselves where they may be seen to course as fine parallel furrows more or less in 
basal direction. The mesial and distal corners of the cutting edge differ distinctly, the former forming a sharper right 
angle whereas the latter shows a somewhat more' rounded angle, thus the distinction between right and left is easily 
made. The lingual tubercle in the lateral incisor is similar in feature to that of the central incisor by representing a 
smooth and even but not too salient prominence at the basal part of the lingual surface, with the result that the enamel 
of the crown extends more towards the root here than on the buccal side. On the mesial and distal sides there are 
large snuousities in the region of the neckline. The tubercle continues toward the edge in a fine and gradually 
disappearing tip. ;.. . ^ r 

The root is relatively bulky, long (fig. 36) and compressed in mesiodistal direction, with the apical half of both 
mesial and distal surfaces displaying a rather deep longitudinal middle furrow (fig. 34 m). The whole root is like a 
saber bent lingualward with the result that the crown and root together form a more or less pronounced curvature. 
I shall return to this appearance below. As is true of all other incisor types, the crown appears to be resting on 
the root, not so much as a special structure but more like a differentiated part of the root itself (fig. 34 m, J). This 
feature is caused by the absence of any constriction of the neck region, a condition quite distinct in some cases. 

TABLE VI 

Measurements of lateral lower incisors f t 

~tf Wr1 * * - » . * ; 

A3\9S3 W -U T» :>*>•**< 

crown 

root 

height 
length 
breadth 

height 
length 
breadth 

No. 8 

10.2 
7.2 
7.1 

No. 10 

1C.7 
7.2 
7.1 

(11.2) 
5.* 
6.9 

(12.4) 
4.3 
7.1 

No. I I 

(6.7) 
6.4 
6.8 

18.0 
4.4 
6.5 

No. 12 

10.2 
6.3 
6.4 

(5.8) 
3.7 
6.0 

c /307 
No. 59 

(9.8) 
6.8 
6.7 

(17.2) 

No. 60 

(8.4) 
7.0 
7.1 

(17.2) 

Q*j?fl«ra O.L 

No. 62 

(10.7) 
7.0 
7.0 

19.0 

No. 63 

(9.5) 
6.8 
7.0 

19.0 

la*3:3vs 
tf/30^ 
No. 64 

(7.2) 
7.0 
7.3 

5.3 
7.2 

No. 66 

7.3 

19.4 
5.2 
7.1 

The differences between the lateral incisor of Sinanthropus and that of recent man (fig. 35) involves the 
same features as in the cental incisor, the entire tooth, especially the root, being much more robust in the former than in 
the latter. The buccal surface of the Sinanthropus tooth is much more curved in sagittal and transversal directions 
than that of recent man. The lingual surface of the former has a more distinct relief and is more concave (.lightly 
shovel-shaped) than that of the latter. The lateral incisor of the Neanderthal group (figs. 29 and 30) closely 
resembles the same tooth of Sinanthropus, at least with regard to its general appearance, namely ,t shows approximately 
the same convexities of the crown, the folding of the lateral borders and the tendency toward a .light shovel^aped 

t *s i i i« i » i . u !. mnw nrnnounced in the Neanderthal tooth than in 
formation of the lingual .urface. Only the l.ngual tubercle i» more pronounced 
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Sinanthropus and accordingly continues toward the cutting edge by a single tapering finger-like protuberance (fig. 29), 
a condition which is only faintly indicated in the case of Sinanthropus (fig. 33, /)• ;•,'/< ' 

Comparing the lateral incisor of Sinanthropus and that of anthropoids (fig. 31) there does not seem to exist 
such a great difference between the two types, with the exception that the lateral corner of the edge appears to be 
cut off and more rounded and the lingual tubercle to be lower and to project heel-like further in posterior direction 
in anthropoids. In some cases, as for instance in the orang (fig. 31), the crenulations of the cutting edge and the 
configuration of the lingual surface come very near to the structure in Sinanthropust although these features are distinctly 
more pronounced in the former. 

The upper and lower incisors of Sinanthropus considered as a whole reveal all the structures characterizing 
the incisors of anthropoids. The differences involve only certain details such as the configuration of the lingual 
tubercle and the differentiations combined therewith. Although these differences may not be more pronounced than 
those existing between the three genera of apes, yet on account of their special appearance they have to be considered as 
hominid characteristics. 

As is evident from a comparison of Sinanthropus, Neanderthal and recent man, all the peculiarities pertaining 
fo the Sinanthropus incisors have gradually disappeared in the course of human evolution. There is not only a 
striking decrease in size and robustness of both crown and root but also a simplification, that is to say they lost more 
and more in the course of time their distinct pattern until it became just a plain and polished structure. The special 
features of the lingual tubercle in the various types of upper and lower incisors have been described above. Dif
ferent viewpoints are held with regard to its significance and its differentiation. Aichel (1917) states that its 
development depends upon variations of the growth tendency of the tissues forming the tooth germ. Such a 
truism, however, does not mean much. In addition Aichel considers the lingual tubercle of the Neanderthal incisors, 
in accordance with Adloff (1907b), as a special differentiation proving that this hominid had already left the direct 
line of human evolution. Adloff*s and Aichel's presupposition along these lines however lack substantial foundation 
as demonstrated by Sinanthropus* Moreover, according to Bolk's (1913 and 1914) **dimere-theory" every mammalian 
tooth should be composed of two parts, a buccal protomer and lingual deuteromer, each of which should show one 
originally higher middle point and two lower ones situated on each side, and thus represent the genuine tridentated 
reptilian tooth. For this reason Bolk considers the tubercle as the "deuteromer" and its three finger-like prolongations 
on the lingual surface (observable in certain cases pertaining to recent man, cf. above) as remnants of those primary 
points. He likewise takes the crenulation of the cutting edge as an indication of the same original formation of the 

protomer. de Jonge-Cohen (1926) interpreted the manifold variations of the tubercle and crenulation occurring in 
recent man similar to Bolk. Adloff (1926)," however, already pointed out that the variations of both structures are 
very great. This being the case it is impossible to choose at random just one of them and consider it as representing 
the original formation. Indeed, incisors of Sinanthropus show very distinctly that the lingual tubercle here docs not 
continue in three uneven points as implied by the theory on a more primitive stage of evolution and the same is true 
for the crenulations of the edge. On the contrary, in Sinanthropus more than three points are usually found" in 
complete accord with the appearance of these formations in anthropoids. Furthermore, since recent man can never 
serve as an example with respect to primitive characters of the dentition on account of its apparently secondary sim
plification, evidence proving the correctness of Bolk's dimer-theory cannot be produced by referring to such accidental 
variations in recent man. 

A comparative study of the lingual tubercle of the incisors of primates shows that it neither represents a 
deuteromer in Bolk's sense nor a special lingual cusp like that which occurs in premolars and molars. I consider 

the tubercles as buttresses which developed upon the lingual base of the crown for the purpose of strengthening the 
tooth against the pressure or force operating in buccolingual direction. Similar formations can be observed already 
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on teeth of fishes. Whether the tubercles constitute direct upgrowths of the cingulum or are merely reinforced by'it 

is, 1 believe, a matter of less importance. 

L'tf**'*' The special pattern of the tubercle, that is to say, its division into several ridges of varying number, the 
ribbed feature of the lingual and buccal surfaces more or less pronounced in many cases, and in conjunction with 
this the crenulations of the cutting edge—all these features quite common to the incisors of anthropoids—must be 
taken to be a characteristic indication of the existence of a tendency toward complicating the surfaces of the crown, 
especially the lingual one, by formations of ridges and wrinkles coursing from the edge to the base. This tendency 
peculiar to anthropoids and hominids is most pronounced in premolars and molars. I shall treat the latter in detail 
below. With regard to the variation in size of the lingual tubercle observed in particular among the Neanderthal 
incisors the reader is referred to the description given above. 

Many authors laid special stress on the curvature of the incisors, more particularly on that of the central incisors 

in sagittal direction. H . Virchow (1920) termed this feature as "kyrtodonty" and defined it as a condition of curved 

teeth with roots inclined inward and the crowns placed vertically. Taking this verbally, it would mean that the teeth 

form an obtuse angle between crown and root. Such an angle does not exist in Sinanthropus (figs. 1 m, a; 2 m, a; 

28 m, d); here the axes of crowns and roots represent a completely straight line and only the buccal surfaces of the two 

parts are more or less curved buccalward. Since the entire problem is in close connection with the manner of implanta

tion of the incisors within the alveolar process, it will be treated in a later section dealing with the dentition of 

Sinanthropus as a whole. 
:-& »> 

It is conspicuous that the special differentiation of the lingual tubercle characterizing Sinanthropus and the other 

hominids is much more pronounced in the upper central incisors than in the upper lateral ones and only faintly in the 

lower incisors. Apart from the differences in size and robustness, the latter really resemble those of recent man much 

more than is true of the corresponding incisors of the Neanderthal group. The reason for the variability in the forma

tion of the tubercle has been explained above, nevertheless the fact that primitive Sinanthropus approaches recent 

man closer in this respect than the more advanced Neanderthal man deserves special note. This also will be discussed 

below in connection with similar phenomena. 

2. CANINES 

Although molars, especially the lower ones, are regarded as the most characteristic teeth in classifying a given 

species, yet in the case of hominids canines have always attracted the greatest attention. The reason for this special 

interest is evident. If man really descended from an anthropoid stock, it may only be expected that the canines still 

exhibit some of the peculiarities belonging to that group of apes. These peculiarities will be found all the more 

pronounced the more primitive the general appearance of the hominid type. When the Heidelberg mandible was 

unearthed, one of the greatest surprises was that this fossil, although considered to be the most ancient hominid relic 

in geological and morphological respects, possessed a canine which failed to differ from that of recent man in size, 

/ shape or pattern. Therefore, the canine features of Sinanthropus are of considerable importance to the problem of 

human evolution. 

All investigators agree to the statement that in recent man there arc no great differences to be found in the 

general appearance of the upper and lower canines and those which do exist only concern the rather insignificant details. 
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One of the most striking facts revealed by Sinanthropus, however, is that there are very distinct dissimilarities between 
the two types of canines and that they do not involve the size only but also the entire shape and configuration of the 
crown and its pattern. 

lM a. UPPER CANINE (figs. 38, 39, 42, 43, 254-257, 259-262) 

Of the upper dentition we have six canines at hand all of which are composed of isolated teeth but two of 
them were found together with the skulls. Three canines represent the large (cf) type and three the small ( ? ) one. 
The identification of upper canines is not difficult to make, even if they should be strongly worn, because of certain 
features peculiar to these teeth.- •' *Lt. 

The canine is characterised by great size and robustness of both crown and root so that it represents by far the 
largest tooth of the entire dentition of Sinanthropus. The crown when viewed from the mesial or distal sides (figs. 38J 
39 m, d; 256, p; 257, m, d) looks like a wedge, the edge being rather sharply defined and the buccal and lingual 
surfaces as a whole formed by strongly convex prominences. The base of the crown is surrounded on all sides by 
a relatively broad and salient band which is distinctly set off from the buccal (39 o) and lingual (39 /) surfaces. On 
both mesial and distal sides this band descends to the edge to form a triangular prominence the base of which is 
rather depressed (figs. 38, 39, 42 m, d and 255 m, d, 256 p, 257). The apex of this triangle continues into the edge 
and extends slightly further downward on the mesial than on the distal side (figs. 38 / and 39 /)• The existence of 
a band and the marginal triangular prominences are of extraordinary significance as these formations represent a well 
developed cingulum. From this basic enclosure the tooth proper arises. Its buccal surface is strongly convex in 
transversal direction and slightly ribbed (hgs. 38; 42; 43 , o). From the triangular prominences it is delimited 
occasionally on both sides by a very distinct furrow (fig. 39 6, distal side). In certain cases the middle part is 
elevated to form a broad tapering ridge which ends into the tip (fig. 42, o). The lingual surface shows a more 
complicated pattern (figs. 38 and 39, /)• T h e cingulum continues into the middle part by a basal tubercle moderate
ly developed. The tubercle gradually decreases toward the tip of the tooth. On both sides it may be seen that the 
cingulum or better the marginal triangular prominences project considerably and that they are separated from the lingual 
surface proper by deep furrows (figs. 38 and 39, /). The surface itself exhibits a median broad and blunt ridge which 
is irregular in width and ends with a small knob-like and rather circumscribed swelling just immediately within the 
access of the tip. Between this median ridge and the above mentioned marginal furrows there is on the distal side a 
short irregular accessory ridge. Occasionally the lingual feature is found to be different (figs. 42 and 43, /)» namely 
the lingual tubercle is more developed and terminates in several small prolongations like those described in the central 
upper incisors (compare figs. 42, / and fig. 3), while the surface itself is covered by several more or less distinctly 
prominent ridges (fig. 42, /). • The cutting edge of the canine tapers into a more or less pointed tip, the distal border 
of the edge being slightly more curved than the mesial one. .»': v"*.'. 

The root of the canine is conspicuous by its height and robustness. It is particularly well developed in the 
buccolingual diameter (figs. 42 and 43, m, d) with its greatest breadth below the middle. Toward the apex the 
root is rather abruptly constricted, the apex itself being rounded and curved lingual-distalward. Both mesial and distal 
sides show shallow and narrow furrows coursing along the middle part of the root; the mesial side is flat, the distal 
convex. As in the case of the incisors there is no distinct constriction in the region of the neck of the tooth, but instead 
the root merges with the crown and forms a prominent border only with the cingulum. On account of this feature the 
crown appears to represent merely a point of termination of the root which thickens towards the upper part (fig. *38, a). 
There is not the slightest trace of an angle between the longitudinal axis of crown and root, with the exception of the 
apex which bends as already mentioned above. The rim of the enamel projects less upward on the mesial and 
distal sides than on the buccal and lingual, and extends further upward on the buccal than on the lingual side. £ 
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The difference in size is very notable in this canine. There seems to exist a large and a small type which 
are not linked by intermediate forms. Such contrasting types are illustrated in figures 38 and 39, and 256 P and 257 p, 
respectively. My -earlier contention (1935) of these large types as belonging to male and the small types to female 
individuals has been confirmed by the recovery of the two skull of Locus L (1937b) in connection with which we found 
large upper canines and premolars pertaining to the large and apparently male Skull I and small upper canines and 
premolars belonging to the small and probably female Skull II (figs. 73, a, b and 263). 

Compared with the upper canine of recent man (fig. 44) the Sinanlhropus specimen as a whole is not only very 
much longer and more robust but it also shows striking differences in its proportions of both crown and root. In recent 
man the crown is high and narrow (fig. 44, o, /) whereas in Sinanlhropus it is relatively low and broad, thus giving 
the tooth a rather stout and firm appeara ce. The same holds good for the root where the slightly stake-like character 
evident in recent man is replaced by a large and robust structure. Not less important than these general differences are 
those concerning the details of the crown. The cingulum and the marginal triangular prominences are completely absent; 
the two sides of the lingual surface which is bordered by very faint and blunt swellings present merely traces of the 
originally so well developed features (fig. 44, /)• Th e huccal surface is relatively flat and the lingual surface has lost 
its entire characteristic pattern, with only the basal tubercle and the median ridge slightly indicated. The cutting 
edge is crowned by a point which appears somewhat in the form of a superposed tip. 

Of the Neanderthal man two unworn canines suitable for comparison are at our disposal. The canine of Le 
Moustier (fig. 40) does not exhibit any of those details characteristic to the Sinanthropus canine. The lingual tubercle, 
however, is strongly developed and forms a special body delimited from the lateral borders by deep and narrow folds 
on each side. The canine of Krapina (fig. 41) described and illustrated by Gorjanovic-Kramberger (1906) also 
fails to reveal any of the features characterizing the Sinanlhropus specimen, with the exception of a faintly indicated 
pattern on the lingual surface resembling some of the corresponding structures in Sinanthropus, as for instance the 
lingual borders of the triangular prominences and the median ridge. The crown of the two Neanderthal canines is 
much smaller in size than even the smallest type of Sinanlhropus (compare figs. 39, 40, 41) and the same is true for 
the root. Indeed, there is nothing else that demonstrates more distinctly the existent differences between Sinanthropus 
and the Neanderthal representatives than a comparison of their upper canines which at the same time makes evident 
that the former is much more primitive than the latter. 

The canine illustrated in figure 44 was taken to represent a characteristic type for recent man because of its 

frequent occurrence, especially among white races. In reality, however, there exists an astonishingly great vari-

^^ f̂e^ 
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ability in recent man when different races come under observation (compare Remane, 1931). Figure 45 illustrates an 
unworn canine of an Australian Aboriginal which, although large, is distinctly smaller than the Sinanthopus type and 
one in which the cingulum is completely absent on the buccal surface. The lingual surface, however, reveals in 
contrast to the *'European" canine in figure 44 / a special pattern showing the major peculiarities of the 
Sinanthropas tooth structure, even though in a much more simplified form (compare fig. 45 and figs. 38; 39; 42; 43 , /)-
In our skull material of modern Chinese a considerable number of variations have been observed some of which are 
given in figures 46-49. All exhibit modifications of the lingual surface involving in the first place the configuration 

of the cingulum and the basal tubercle; in figures 46 and 4S it may be seen that the latter has developed to a large 

and separated body resembling quite closely the canine of Le Moustier (fig. 40) in this respect. An interesting feature 

is also found in the canine illustrated in figure 49. It imitates, so to say, the shovel shape of the lateral incisor so that 

there do not exist any essential differences between these teeth, with the exception that the basal tubercle is more distinct 

in the canine. * I shall return to this phenomenon later. 

- AH these variations prove that the upper canine of recent man as represented in the majority of cases is to be 

considered a tooth which has already undergone an extremely strong reduction in size as well as in all essential 

features. Its variations which seem to occur more frequently in certain races than in others reflect very impressively 

the course of the reduction but at the same time reveal some apparently progressive tendencies, as for instance the 

adaptation to the incisor type in recent Chinese. The tendency toward a stronger development of the lingual tubercle 

is common to both the canine and incisors of recent and Neanderthal man, as already stated above. 
• •» 

It* deserves special note that the canines of the Neanderthal group—as far as the specimens available are 

involved—do not differ to a great extent from certain variations with primitive characters of recent man (compare 

fig. 40 with figs. 46, 48 and fig. 41 with figs. 45, 47), whereas the differences between the Neanderthal group and 

Sinanthopus are very distinct. & 

When comparing the upper canine of recent man with that of recent anthropoids no close similarities seem to 
exist at first sight. The canine of the Neanderthal man does not differ any more in this respect from that of recent 
man. Such dissimilarities as these have led many authors like Adloff and Bolk to contend the view that direct 
relations exist between man and great apes. Now that the canines of Sinanthopus are available and represent 
a much more primitive type than the Neanderthal group, the entire problem is given a different aspect. It is true, 
a merely superficial inspection of the canines in question will fail to show any striking conformities because of the great 
contrast in size, but careful observations will reveal that existing differences in reality only compose of quantity, so 
to say, and not of quality. It is most regrettable that the literature is so poor in good illustrations demonstrating the 
extraordinary variability of canines of living anthropoids, with the exception of Remane (1927) who has published 
some excellent sketches of canines which differ from the pattern usually attributed to them. One of these is given here 
in figure 246, a tooth specimen of a female chimpanzee. This canine is not only small and low but also shows that 
the ratio of height to length and breadth is much less expressed than in the case of the extremely elongated teeth of 
male individuals, especially in gorilla. The most peculiar structure of the tooth, however, is that the cingulum and 
triangular prominences reveal exactly the same feature characterizing Sinanthropas (compare fig. 246, / and m with 
fig. 39, / and m). The only major difference to be observed concerns the cingular band of the buccal surface and 
certain details of the configuration of the lingual surface. As to the former, however, it must be kept in mind that 
the buccal cingulum is at times to be found as a well developed structure in anthropoids also, especially in the orang. 
With respect to the latter, in apes it forms a further projecting and sharper inclined edge which is somewhat shifted 
toward the mesial side, whereas in Sinanthopus the median ridge is broad and indistinct. I am glad to be in a position 
of giving drawings (fig. 61) and photographs (fig. 258) of a canine of a fossil orang found in a cave known as 
Hoshangtung (Province of Yunnan—Southwestern China) and first described and tentatively referred to Ailurupus by 
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C C. Young. In the meantime many additional teeth (premolars and molars) undoubtedly belonging to orang have 
been recovered from the same locality and from caves in Kwangsi the associated fauna of which is known to bear 
the same character as that of Choukoutien. 

It is not easy to determine whether this orang canine belongs to the upper or lower dentition. Compared with 
female canines of recent orang or with chimpanzee, taking all details into consideration, it seems to be an 
upper tooth (compare figs. 246 and 258), but on the other hand, it is relatively small and low and its 
length is considerably less than its breadth (11.0:14.2; index 129.2) with the result that I am inclined to define 
it as representing a lower canine of a female individual. In any case this specific question is not of such great 
importance when considering the general character of the tooth, for it completely corresponds to the above described 
chimpanzee tooth sketched by Remane, with the exception that it is stouter and less sharply tapered. In contrast to 
the chimpanzee specimen, however, its cingulum is strongly developed on the buccal side also (fig. 61, d) and the 
marginal triangular prominences (m, d) are marked and rise to a higher level than in the chimpanzee. All these 
features are in complete conformity with those characterizing the Sinanihropus upper canine (figs. 38 and 39 m, d). 
Thus every unbiassed student will agree that this orang canine approaches very closely to that of Sinanthropus, the 
differences between them being not greater than those of other corresponding teeth. 

b. LOWER CANINE (figs. 50-56, 60, 62, 261, 265, 266, 283, 285, 287, 288) 

Eight lower canines are on hand two of which represent isolated specimens while the remaining seven are in situ. 
As already pointed out above, the identification of this tooth type and its distinction from the upper canine is not too 
difficult. Five canines represent the large type (cf) and three the small one ( ? ) . 

The lower canine is a very large tooth and exceeds in size and robustness the adjacent dentition both on the 
mesial (fig. 285) and distal (fig. 54) sides. Similar to the upper canine the crown shows in mesial (fig. 50 m) or distal 
view (figs. 50 dt 52 d, 266) a wedge-like feature with a sharp cutting edge, with the buccal surface strongly convex 
in both sagittal and transversal directions (fig. 50 m, d and o) and the lingual surface (figs. 50 m, 52 d) slightly concave. 
Like the upper canine the base of the crown is surrounded on all sides by a distinctly projecting band which is very 
strongly developed in some cases (figs. 52 d; 53 o, /; 55 o). On the mesial and distal sides this band forms triangular 

. prominences with deep depressions within the center of their bases (figs. 50 m, d). The apex continues into the 
cutting edge and clearly rises higher on the mesial than on the distal side (fig. 50 m, d). These marginal pro-

'* minences are separated from the buccal surface by fine relatively deep furrows which are in all cases more pronounced 
on the distal than on the mesial side (figs. 50; 53; 54; 55, d; 266). There is not the slightest doubt that we 
are dealing here also with a surprisingly well formed cingulum. The buccal surface itself is slightly ribbed in 
longitudinal and in transversal directions (figs. 50-55). The lingual surface is characterised by a broad and projecting 
rim shows three characteristic features. Firstly, its distal of the surface to be deepened with only the median part 
elevated more or less ridge-like (figs. 50, ft 51 , '; 52, /; 56, /; 261). This rim is in direct connection with the 
basal tubercle thus giving the latter the appearance of being an indistinct swelling of the basal part of the rim. The 
rim shows three characteristic features. Firstly, its distal section is striated by showing fine wrinkles alternating 
with impression on the deepened part of the surface. Secondly, the median section shows a small circumscribed knob
like protuberance corresponding to the tip of the cutting edge. Thirdly, a very fine brim is placed upon the distal 
and median section of the rim itself thus forming the cutting edge proper. All these peculiarities are only recognizable 
in perfect specimens (figs. 50, /; 51, /; 52, /; 261). The cutting edge is furthermore remarkable by its special shape. 
It does not taper as a whole to the tip but instead courses horizontally, except its middle which is marked by a small 
pointed elevation continuing downward into the more or less distinct median ridges of the buccal and lingual surfaces 
(figs. 52; 265, a, b). Furthermore, the canine is characterized by a slight inflection of the ent.re crown distinctly 
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toward the distal side (figs. 5 3 , . / ; 54; 56). Corresponding to this particularity the ridges and furrows of the lingual 
surfaces run in the same distal direction (figs. 50, /; 53, /; 56). All these features combined give the lower canine 
of Sinanlhropus the appearance of being an incisor rather than a canine. 

The root of the lower canine resembles very closely that of the upper one (compare figs. 53; 55; 60 with figs. 

42; 43). It is high and robust and particularly well developed in bucco-lingual direction. The greatest breadth which 

exceeds that of the crown is found in the upper third of the root. The root is somewhat abruptly tapering off toward the 

apex, the latter being bent distinctly lingualward and at the same time either mesially or distally. The mesial and distal 

surfaces of the root show longitudinal furrows like those of the upper canine (figs. 53; 55; 60), this furrow being 

clearly deeper impressed on the mesial than on the distal surface. As in the case of the upper canine, there is no 

constriction at the boundary between crown and root, the separated contours being merly indicated by the projection 

of the cingulum. The so caused stoutness of the tooth is very evident in figures 53 , 54, 60. Occasionlly the 

boundary of the enamel reaches higher upward on the mesial than on the distal surface. With the exception of the 

slightly distal inflection of the crown as mentioned above, a distinct deviation of the longitudinal axes of crown and 

root is not recognizable, the tooth as a whole is faintly curved with a buccal convexity. This curvature, however, 

never reaches a remarkable degree. 
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The lower canine of recent man (fig. 63) appears to be a very small and slender tooth with a narrow and high 

crown and the cutting edge tapering off to the tip from both sides when compared with Sinanlhropus* A cingulum 

is completely absent and the same is true for the marginal basal prominences. Only the lingual surface may reveal some 

peculiarities resembling the feature in Question in the Shanthropus canine. This surface is usually rather plain and 

does not show distinct patterns, the center may occasionally be slightly deepened with a minor median elevation and 

the border faintly folded inward. In certain other cases, however, this relief may be more pronounced and the border 

more developed with the surface itself deeper than is usual. In addition, a median knob-like swelling may occasionally 

be observed in the region of the tip. With the exception of the size (height and robustness) the roots do not exhibit 

essential differences in structure between recent man and Sinanlhropus. H-. 

One of the most striking dissimilarities between the canines in question, however, is the appearance of the 

edge. In recent man there exists a real tip, that is to say the edge rises gradually from both mesial and distal sides 

up to the middle line and terminates there in a distinct point which at the same time also serves as the end of an 

indistinct median ridge more pronounced on the buccal than on the lingual surface. In Sinanlhropus the edge runs 

horizontally at first and then suddenly is crowned in the middle by a small conical tip. It seems rather strange when, 

at first sight, it is found that the shape of the canine of recent man approaches the tooth structure of apes more than 
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is true of Sinanthropus, The explanation for this difference will be found when making a comparison of the canine 
of Neanderthal man with the two groups in question. 

r 

Of the Neanderthal group four canines with no trace of attrition are available: one belonging to the Ehrings-
dorf child and described by H. Virchow (1920), two to the Mousterian youth also studied by H . Virchow, one to a 
Krapina mandible described by Gorjanovic-Kramberger (1906). The Ehringsdorf canine (fig. 57) is just in the stage 
of eruption with the base of the lingual part still embedded within the border of the alveolar process. The crown as 

a a whole is stouter than that of recent man and resembles the crown of Sinanthropus in this respect (compare fig. 57, 
6 with figs. 50, 6 anl 63, b). Yet a cingulum is completely lacking on the buccal surface and the marginal pro
minences are also missing (figs. 57, o, /; 50; 51; 55). According to Virchow the lingual surface shows a shallow 
deepening without a median ridge, with no indication of the existence of a basal tubercle and a low rim. As figure 
57, I demonstrates the distal part of the latter exhibits some striations like those found in Sinanthropus (figs. 50;. 52, /). 
The canine of Le Moustier, according to Virchow, bears an incisor-resemblance, displaying a median ridge, a basal 
tubercle and very pronounced rims. Virchow emphasizes that this canine is of a more significant appearance than 
that of the Ehringsdorf child. As to the Krapina canine, figure 58 shows that its general shape resembles that of 
recent man. The lingual surface illustrated by Gorjanovic-Kramberger reveals several characteristic details such as 
the very pronounced rims with indications of superposed rims (marginal contours) on the mesial side and a deep furrow 
on the distal; the center.is occupied by a median ridge which terminates into a well developed and thickened tip. A 
cingulum is lacking. In spite of the fact that the shape of the crown of the Krapina canine shows a similarity to 
that of recent man, yet in certain other features it approaches the Sinanthropus tooth specimen. v> 

H . Virchow pointed out the appearance of the cutting edge in particular. Like most of the other authors 
he had expected the Ehringsdorf mandible to be equipped with a long and well pointed canine and was very 
surprised that instead he found the mesial part of the edge forming a horizontal line (fig. 57). According to the 
same author the canine of Le Moustier exhibits exactly the same structures as the Ehringsdorf child and with it 
proves that we are dealing in both cases not with accidental and individual variations but with a peculiarity characteriz
ing the Neanderthal group. 

The pictures and descriptions of the Neanderthal canines show very impressively that they represent intermediary 
forms between Sinanthropus and recent man, although they approach the latter more than the former, especially 
the Krapina canines. Unfortunately, the right canine of the Heidelberg mandible is too strongly worn and damaged 
to permit a complete comparison, but nevertheless the stump reveals that this tooth docs not differ essentially from 
that of recent man. The intermediate character of the Neanderthal canines is made obvious by the configuration of 
the cutting edge. The latter in the Sinanthropus tooth runs horizontally and bears a small tip in its middle. In the 
Neanderthal canine only the mesial part of the edge retained its original horizontal course, whereas its distal part declines 
immediately from the tip. In recent man also the mesial part has lost its horizontal course, thereby giving the canine 
the appearance of a well pointed tooth. Only in some cases of recent man, such as illustrated in figure 59, the original 
Neanderthal type may be preserved. 

There is no other phenomenon which discloses the secondary nature of the dentition of recent man more than 
the transformation of the cutting edge of the lower canine. The pointedness and with it its'resemblance to the ape 
tooth is not at all a primitive character as it may seem at first sight. In reality, the lower canine of hominids originally 
was much more like an incisor than a true canine, the tapering point in recent man having been acquired as a con
sequence of the process of reduction which transformed the primary large and stout fangs into an ordinary small and 

slender tooth. ".' * . 
When compared wilh the lower canine of the great ape, the Sinanthropus specimen show, great tf"""*' 

even if such less specialized canines a, those of female orang or chimpanzee are taken to serve a, example,. All these 
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canines are Jiigh and sharply pointed conical or pyramidal structures with the special patterns of the crown confined to 
a n&trow basal band as illustrated in figure 245. Here only a heel-like lingual projection may be observed to be 
enclosed by a well developed and irregularly bordered cingulum, which combined correspond to the basal tubercle. 
On the mesial side this cingulum continues into a fine rim using toward the tip of the tooth. The lingual surface is 
provided with a sharp ridge running from the tip toward the cingulum and dividing the surface into two slightly con
cave areas. The lower canine of Sinanthropus with its incisor-like appearance therefore differs in principle from the 
lower canine of anthropoids. 

Gregory (1921) in describing the dentition of the Mousterian youth called attention to the fact that its lower* 

canine tends to be aligned with the incisors rather than "with the premolars. The same is true of the Sinanthropus lower 

canine. Gregory emphasized in particular the conditions of the cingulum in continuing from the bases of the lingual 

surface upwards into the mesial and distal borders of the crown and representing thereby highly primitive features as 

found in Eocene lemuroids. Indeed, the relation of the cingulum to the borders as is apparent in figures 52, /• 53 / 

and 56 also strikingly resemble the conditions of living prosimians; figure 300 shows thai in Pcrodicticus the rim of the 

"third incisor**—a transformed canine—continues directly into the cingulum and the same holds good for the "canine" 

—the transformed first (second) premolar. -The denture of this Nycticebide exhibits furthermore that the lingual 

cingulum rises on both mesial and distal sides but always extends to a higher level on the former side than on the 

latter. These are exactly the conditions characterizing the canine of the fossil orang (fig. 61) and of Sinanthropus 

(fig. 50, m, J). 

As already stated above, the lower canine of Sinanthropus looks more like an incisor than a real canine, yet 

the incisor which has the closest resemblance is not the lateral lower but the lateral upper one as a comparison of 

figures 50, / and 261 and figures 19 and 251 will reveal. T h e upper canine of Sinanthropus does not display similar 

relations, whereas in recent man the similarity between this tooth and the upper lateral incisor may be found to be very 

close in some cases (coT.pare fig. 59). This appearance together with the obvious dissimilarities between the upper 

and lower canines of Sinanthropus demonstrates that, despite some features in common, the two canines have to be . 

considered as differentiations of a primarily unequally constructed tooth. Such inequalities of upper and lower canines 

are very characteristic for the primates in which they ocur in all orders, especially in that of the prosimians. Whether 

the canines of the anthropoids originally were also of different appearance and have since undergone a subsequent 

assimilation as is manifest in recent man cannot be decided on account of lack of suitable fossil material, although 

I am inclined to believe that such is the case. 

Bolk (1914) did not consider the similarities in appearance of the upper and lower canines of recent man as a 

consequence of reduction but rather as a better retention of the original conditions of their primary stage of evolution 

by the canines than by the other teeth. That author considers a well pointed canine with a lower accessory tip on 

each side as the type of origin of the '*protomer*' and the basal tubercle as the rem.aii.der of the "deuteromer as has 

been explained in connection with the incisors. In view of the Sinanthropus canines, however, all these interpretations 

will have to be dismissed for they reveal that conditions existing in recent man are without doubt of secondary nature ;•.£ 

and incontestably a result of a gradual reduction in the course of human evolution. 

According to Adloff (1931) a principal difference should exist between the canines of anthropoids and those 

of hominids, with the former having the basal tubercle developed only in incisors, while in the latter it occurs both in 

the canine and incisor. If the canines of hominids should have been similar at any time to those of anthropoids, then 

the hominids must have first lost the tubercle in question and later acquired it again. The presupposition for such a 

conclusion is apparently incorrect, for Remane (1927) has already proven that a lingual cingulum with a distinct 

basal tubercle may also occur occasionally in recent anthropoids (compare figs. 245 and 246), and in addition, the 

canine of the fossil oran3 illustrated in figure 61 shows a very strcng cingulum as well as a strongly developed basal 
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tubercle. On the other hand, the upper and lower canines of Sinanthropus (figs. 38, 39, 42, 43, 50-55) show 
exactly the same features. Thus, there exists no principal difference between anthropoids and hominid* in this respect 
both of which had originally been in the possession of well developed cingula and tubercles. In contrast to Adloff s 
conception the reverse turns out to be true, namely a surprising parallelism in the evolution of the canines in anthropoids 
and hominids inasmuch as a progressive reduction of cingulum and basal tubercle occurred in both prinule groups with 
the effect that within most of recent individuals the two structures disappeared completely and may only be found 
occasionally to be developed in a more or less moderate degree. \> 

In the great apes the crown and the root of the upper canine are not only more robust and higher than those of 
the lower dentition but there is also a striking difference in shape. The crown of the upper canine is longer in mesio-
distal direction and narrower in buccolingual diameter than that of the lower canine which is developed in exactly 
opposite directions. This difference is apparently a consequence of the quite different manner in which both canines 
function The upper canine overlaps in longitudinal direction the distal surfaces of both the lower canine and the 
first lower premolar facing and more or less approaching each other, hence the greater length of this canine, whereas 
the lower tooth interlocks into the diastema between lateral upper incisor and upper canine rather in transversal direction 
and -hence the greater breadth of this tooth. Such differences in length and breadth are characteristic for canines ot 
all monkeys and great apes. In taking the breadth in percentage to the length, I arrived at the following values: 
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Adult gorilla: 

male and female 

Adult orang. \if-i 
female 

Chimpanzee: 

male 
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78.5 128 
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male 80.0 140 . 

The values quoted by Drennan (1929) after Campbell (1925) are: 

" : ^ » 

Gorilla 80.0 138.1 
Baboon 

aStfris* 
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68.9 153.3 Baboon 6b.9 I WO 

The corresponding ratios computed on the basis of de Terra's (1905) figures are: 
il\ VI - • » . - . -i . V*.V"'***; •'& V*; 

G 0 " l l a : I . O A 
male and female 89.7 112.0 

\ r Orang: 
male and female 92.2 124.7 

Chimpanzee (male) 89.6 116.1 v. 

In rare cases of male and female individuals of gorilla and orang, however, the length of the upper canine 
may be smaller than its breadth, and still more rarely the breadth of the lower canine smaller than its length. As 

Remane (1927) recorded only the minimum and maximum values of each measurement, it is impossible to compute 

the corresponding ratios. 
In Sinanlhrcpus no Such difference exis.s between upper and lower canine, in .his regard. In the « P J a. 
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The average ratios for recent man as compiled by Drennan (1929) and partly computed by Campbell (1925) 

are as follows: ; • 

c c, 
114.5% g% 
116.2% 
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European , 
Japanese 
Australian 
Bushman 

W$m 
fy%$i$kh.i 

:*^S*V3§ 
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105.3% 
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A comparison of these figures with those' of Sinanthropus does not reveal fundamental differences and such as 

there are only concern the Bushman and Australian both of whom approach Sinanthropus closer than European and 

Japanese and in that the lower canine in the latter are broader than long. The frequently discussed problem, namely 

whether the canine of the first hominids has been more anthropoid-like in size than the Sinanthropus specimen or 

whether they did not differ principally from the latter to any extent will be discussed below. 

Upper and lower canines of Sinanthropus, in spite of some differences in details, have in common certain 

' accessory longitudinal ridges and wrinkles of which the buccal ones are in the form of fine ribs, coursing on their 

lingual and buccal surfaces. As also in the case of the incisors, I consider these patterns as an indication of the 

same general tendency toward the ribbed structure of the dental surface, a phenomenon most characteristic for anthro

poids and primitive hominids. 

The measurements of height of roots recorded above show that the root of the lower canine is slightly higher 

than that of the upper one. AH questions concerning the size of the teeth will be discussed separately. 

3 . P R E M O L A R S 

The premolars of Sinanthropus are not only of great interest because of their specific appearance but also 

because of their close relations to the canines. Remane (1927) when discussing the problem concerning the canines 

of man was the first to realize the importance of thorough investigations of premolars, these and the former partly 
% ' * • • « -
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depending upon each other in the configuration of their characteristic appearance. 
K\ 
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a. UPPER PREMOLARS 

First premolar (figs. 64, 65, 68, 73, 127,259, 260, 262, 264, 267, 268, 277, 345) 

It is strange that only one isolated tooth (fig. 64) is available. In connection with jaw and skull, five specimens 

are at a hand two of which are badly damaged. Judging by the size three of the total number available belong to 

the large type and thus belong to male individuals and three to the small and to female individuals. The fact that 

this attribution is correct has been verified by the recovery of two large teeth, together with the large male Skull I of 

-Locus L and two small types together with the small female Skull II of Locus L (figs. 73 and 264). The identification 

of the isolated teeth was made without any difficulty because of their peculiar features. 

The first premolar is characterized by its great size and robustness of both crown and root, the robustness 

of the former (length x breadth) even exceeding that of the canine (compare Diagr. I). The crown is much more 

developed in buccolingual direction than in mesiodistal (fig. 64) and is divided by a deep longitudinal furrow into 

a larger buccal and a smaller lingual moiety both of which catry large cusps, the buccal cusp being considerably 

•larger and higher than the lingual (fig. 64). When viewed from the mesial or distal side it may be seen that both 

buccal and lingual surfaces arc strongly inclined toward the tips of their respective cusps. The buccal surface is 

oval and slightly longer than high (fig. 64, 6). although the enamel reaches further upward on this side than on 

the lingual. The entire basal part projects and continues into a triangular swelling the apex of which merges with 
fr <-«/&•'.;' 
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the tip of the buccal cusp. ' Each of the sides of the swelling is bordered by a faint depression and these again are 
bounded by ridges, faintly developed on the distal side but very pronounced on the mesial. These ridges together 
with the basal prominences represent the cingulum (fig. 64, m, d) which rises on both sides as has been described 
above when. discussing the canine. As is revealed by the occlusal view (figs. 64, 65, o) the triangular swelling 
does not occupy the middle of the buccal surface but instead has clearly shifted mesialward. The lingual surface 
with its equal roundness resembles a part of a ball faintly tapering off toward the summit of the lingual cusp. 
There are no depressions or bordering, ridges. The mesial side of the crown (fig. 64, m) resembles closely the 
corresponding side of the upper canine (compare figs. 38 and 39, m). Both here and in the upper canine the 
buccal cingulum rising toward the edge of the buccal cusp has transformed into a triangular-like swelling with a basal 
depression and becomes distinct in the region of the lingual cusp. On the distal side (fig. 64, d) this feature is only 
faintly indicated but nevertheless still lecognizable. The occlusal view (fig. 64, o) is of special interest. The actual 
chewing surface is delimited by sharp ridges running on each side from the tips of the two cusps downward and toward 
the intermediate longitudinal furrow and is represented by the buccal and lingual slopes of the cusps facing each 
other. The contours of the ridges of the buccal part form in occlusal view a winged pattern while those of the lingual 
part represent a triangular structure. Both these slopes are uneven and are covered by transversal secondary ridges 
descending from the tips of the cusps. These ridges slightly diverge to the longitudinal furrow and thereby divide 
the area concerned into several sections. The slope of the buccal cusp shows two such ridges situated closely 
together and separated by a short and narrow groove. On either side of these ridges there is one somewhat large 
depression bordered by the marginal major ridge. The pattern of the slope of the lingual cusp is not as regular as the 
one just described on account of the presence of more accessory and finer ridges, which, however, also diverge from 
the tip of the lingual cusp. The two mesial ridges of the latter correspond to those of the buccal cusp..-

The root of the premolar is like the crown short and broad, that is to say, it is extraordinarily strongly developed 
in buccolingual diameter (figs. 64; 65; 68; 73, c, d). In the case given in figure 64 the root not fully developed is 
divided into two diverging branches, a larger buccal and a smaller lingual one. The former shows on the mesial 
side a fairly deep furrow (fig. 64, m) thereby indicating the tendency to divide the buccal branch into two parts 
(fig. 325, a). At the base the branches are fused together. The difference in size of the two main branches is 
very apparent in lingual view, the longer buccal branch (figs. 64 and 65, 0 projecting on both sides beyond the 
lingual one. Toward the apex both branches bend toward each other. In the cases illustrated in figures 65 and 68 
and 73 the division of the root is not as complete as the one of figure 64, as there both branches are united and only 
separated by deep furrows on the mesial and distal sides. The root as a whole is very stout and bulges at the middle 
of its height buccal- as well as lingualward. Toward the end the root is tapering off abruptly and branches out into 
two separate apices of about the same height each of which is thick and rounded and more or less bent toward the 
distal side. Also in cases in which the roots have fused the buccal part of the root is always larger than the lingual 
and the former shows traces on the mesial side of a sub-division into a third (buccal) branch (compare figs. 68, m 
and 64, m). The neck is slightly constricted but beyond that the root bulges in the manner already described above. 

It is worth noting that in each of the three cases the enamel reaches considerably further upward on the buccal 
than on the lingual side. This feature together with the mesially directed projection of the cingulum part of the 
buccal surface gives rise to the so-called "tuberculum molare." In conjunction with the latter there is another for
mation, namely that as seen in the case of the premolar of figure 64 in which the root is divided into two branches such 
as just described (fig. 325, a). The slightly oval lingual branch runs with its longer diameter buccolingual ward, 
whereas the distinctly oval buccal branch is so arranged that its greater diameter takes an oblique course from the 
mesiobuccal side to the distolingual one. Its mesiobuccal part projects in the same direction as the relevant part of 
the crown, that is. mesiobuccalward. This arrangement apparently is in close connection with the formation of the 

-pjj?.. h^KJ^^J:^ Wit :$'*?$£ 



r*7. 

-sv; 
(I) 3& Palceontologia Sinica- Whole Scr. No. 101 

tuberculum molare. Figure 325, a illustrating the tooth in question viewed from the apical side shows very clearly 
the position of the branches in relation to each other and to the crown. It may also be observed that the subdivision 
of the buccal branch takes place in such a way that the small lingual and more mesially situated part becomes separated 
from it. In figure 68 also the oblique orientation of the buccal branch of the root may clearly be seen. 

3 > i TABLE IX 

Measurements of upper first premolars 

u 

crown 

root 

height 
length 
breadth 

height 
length 
breadth 

No. 19 

9.7 
9.2 

12.8 

(13.1) 
7.2 

12.7 

No. 77 

(7.2) 
8.7 

12.6 

20.4 
6.9 

12.8 

No. 78 

7.4 
10.5 

20.0 
5.5 

10.4 

No. 142' 
9 

(5.2) 
8.0 

11.6 

6.2 
10.8 

The upper first premolar of recent man (fig. 69) has a strikingly different appearance from that of Sinanihropus. 
Firstly, in size. Even when compared with the smallest (female) specimen of Sinanihropus (fig. 68) found hitherto, 
the average premolar of recent mart presents a dwarf-like appearance. With respect to details, the crown of the 
latter is relatively higher and narrower (compare fig. 69, o, m with fig. 64, o, m) than the Sinanihropus crown. 
The cingulum and the mesial triangular prominence are completely lacking in recent man and the whole pattern of the 
slopes of the buccal and lingual cusps is reduced to two smooth regular areas separated by a small longitudinal furrow 
(compare fig. 69, o with 64, o). The tuberculum molare is indicated only by a very faint swelling on the mesial basal 
part of the buccal surface. The root, in most cases divided into two branches toward the apex, is low, narrow, 
regular and looks like a smooth awl or two awls respectively. 

• As in the case of the incisors and canines there is likewise a great variation in the premolar of recent man. 
Figure 72 represents an unworn tooth of a male Australian aboriginal. When comparing the latter with that of an 
average European (fig. 69) and that of Sinanihropus (fig. 64, o) it will be found that the Australian tooth resembles 
very close to that of Sinanihropus and that it differs considerably from the European tooth structure. The Australian 
premolar however also lacks the cingulum, the tuberculum molare is small and does not project to any extent. Only 
the pattern of the chewing surface is better developed, even though the original arrangement of the ridges and furrows 
has been lost. With respect to the form of the root the variability is great. Hildebrand (1908) found one root in 
44% of the cases, two roots in 41.6%, while in 14.8% the apex was notched. The occurrence of three roots « 
very rare although noted in some cases. 

With respect to the upper first premolar of the Neandertal man, there is only one available which is not too 
wom for a comparison with the Sinanihropus specimens, namely the premolar of the Krapina man illustrated by 
Gorjanovic-Krambergcr (1906). This tooth (fig. 71) does not differ considerably from that of recent man when 
compared with an Australian native tooth (fig. 72). The Krapina premolar lacks a cingulum as well as the mesial 
triangular prominence, nor is there any evidence of a well developed tuberculum molare. The pattern of the chew
ing surface, however, resembles Sinanihropus.in.certain details as for instance the formation of the two buccal ridges 

wn 
w 



Neio Scr. D Wdienreich:—Sinanthropu3 Dentition 
« 

(0 39 

and a corresponding arrangement of the lingual ridges. On the other, the longitudinal furrow is not as distinct an in 
Sinanlhropus and the depression on both sides of the buccal ridges is markedly deepened to form distinct transversal ly 
directed foveas. The premolar of Le Moustier (fig. 70) seems to be slightly worn, although I am not certain whether 
it really is the case. The chewing surface is very smooth arid shows only the general pattern without any characteristic 
details (compare fig. 70 with fig. 64, o). There is no cingulum or mesial prominence, but the tuberculum molare is 
faintly indicated. In regard to the root H. Martin (1923) described it to be double in La Quina, the two branches 
(a buccal and a lingual one) being united by a bridge which occupies 4/5 of the height. 

A comparison of Sinanlhropus, Neanderthal and recent man reveals that the first upper premolar of recent 
man as found in the average European races merely represents a very faint image of the original type embodied by 
Sinanlhropus. It is a small tooth reduced in all dimensions of crown and root and of which the primary characteristic 
features have disappeared to such an extent as to make them almost unrecognizable. Only primitive races like the 
Australian aboriginals still resemble the original conditions in certain details. The tooth of the Neanderthal man has also 
lost the essential peculiarities characterizing Sinanlhropus and approaches recent man much more than the latter. 

In order to compare adequately the Sinanlhropus premolar with anthropoid teeth, it is best to take the premolar 
of Dryopithecus first into our consideration. Gregory (1921) has given a very extensive description on the basis of 
Pilgrim s illustration which is reproduced here as figure 326. The chewing surface of this premolar is crossed by 
two sharp transverse ridges running from the well developed buccal cusp and terminating at the lingual one. The 
ridges are located in front and behind the middle of the tooth and are separated by a depression. Such depressions 
are also found mesially from the mesial ridge and distal ly from the distal ridge. Gregory designated these depressions 
as fossae and distinguishes an anterior, a middle and posterior one. In present anthropoids this pattern is somewhat 
different. In gorilla (fig. 298) both cusps, especially the buccal one, are much higher and separated by a faint 
longitudinal fissure on which two transverse ridges descending from the buccal cusp terminate. Only the mesial ridge, 
however, is distinct while the distal one is rather obscure in most cases. As to the lingual ridges only the mesial one 
is preserved and forms a broad middle bridge. Hie premolar of orang when completely unworn shows the main features 
of the original Dryopilhecus pattern but with only a faintly developed longitudinal furrow, the only alteration being 
that in addition to the main ridges described above the entire surface is covered with fine accessory ridges and wrinkles 
which are peculiar to the orang. The chimpanzee resembles the gorilla in pattern, however, with the difference that 
both cusps are lower and the longitudinal fissure between them less clear than in the former. With respect to other 
particularities, a buccal cingulum is very pronounced in all three anthropoids, rising toward the edge of the buccal 
cusp not only on the mesial but also on the distal side. The base of the buccal surface projects mesial ward and 
thereby forms a distinct luberculum molare. This fact, together with the breadth of the tooth which exceeds con
siderably that of the length, makes the contour of the anthropoid premolar when viewed from the occlusal side appear 
so very similar to that of Sinanlhropus. The same is true to a certain extent of the roots. Usually, the first upper 
premolar of the anthropoids has the root divided into three branches, two buccal and one lingual one. As has been 
described by Remane (1927) the longitudinal axis of the cross section of the mesial buccal branch runs obliquely 
from mesiobuccalward to distplingualward. Figure 325 6 shows such a peculiarity occurring in gorilla, but according 
to that same author it is not infrequent that a complete fusion of both buccal branches in chimpanzee and orang and 
in some cases a fusion even of all three branches is found. r.'r-

A comparison of the Sinanlhropus premolar with that of anthropoids fails to reveal any principal difference*. 
The general shape of the teeth, the development of the cingulum and luberculum molare, the special pattern of the 
chewing surface and the arrangement of the branches of the root are practically the same. The actual differences 
involve the degree of development of some minor details and are not greater than those existent between the 
three anthropoids. The Dryopithecus pattern of the chewing surface as has been demonstrated by Gregory is really 
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the basic pattern which has undergone certain transformations corresponding to the specialization of these species. It 
is obvious that Sinanthropus comes close to Dryopithecus, with the exception, as also true for chimpanzee and gorilla, 
that the cusps are higher and the longitudinal furrow more pronounced. Statements have been made repeatedly to 
the effect that man was derived directly from a primitive primate stock without any closer relation to anthropoids. 
A thorough study of the premolar will show that the Sinanthropus tooth and likewise those ot other hominids are 
identical with the premolars of anthropoids, but on the other hand differ considerably from those of primitive primates 

(see below). 
Second premolar (figs. 75, 77, 78, 127, 214, 269, 277,' 327, 345) 

Our material consists of five isolated teeth, one of which is damaged, three teeth which were recovered 
together with skull fragments including one in poor state of preservation (Skulls I and II Locus L) and an additional 
one embedded in the maxilla O I. Of these nine tooth specimens seven belong to the small type, that is to say 
we are dealing with female individuals, and two to the large type (male). The identification of this premolar and its 
distinction from the first one is not as easy a task as when dealing with the other teeth. However, in view of the 
fact that premolars have bee,n recovered in situ (figs. 127, 277, 345), the differences could be defined. 

These differences concern in the first place the size as will be evident when comparing the two tooth types, 
that is to say P 2 is clearly smaller than P 1 . Figure 75 represents the various views of P 2 rt of Skull II Locus L 
and figures 68 and 73 d-d respectively the same views of P 1 rt of the same skull. The crown and root of P 1 

furthermore is more developed in buccolingual direction than the same structures of P2 . In addition, the root as a 
whole is more robust and higher in the former than in the latter. 

With regard to details, the contour of the crown viewed from the occlusal side represents a fairly regular oval 
shape (figs. 77, 78, o; 327), with the convexity of the buccal surface in the midline. In accordance with this feature 
there is no overlapping of the enamel at the boundary of the buccal surface as found in P1 (compare figs. 75, d and 
214, m with 73, d-d). The buccal surface js long and low, the cingulum is very well developed and ascends on 
both sides of this surface toward the cutting edge and as a result thereof the latter shows a middle elevation and a 
corner-like tip on each side (figs. 77 and 78, 6). The buccal as well as the lingual surface withdraws toward the 
edges of the corresponding cusps (figs. 77 and 78, m, d) which are of about the same size and height. The occlusal 
view as a whole presents the same aspect as that of P1; the ridges bordering the chewing surface proper form a 
winged and a triangular pattern, and the slopes of both cusps are covered by accessory ridges and wrinkles showing 
approximately the same arrangement as P 1 (compare figs. 77 and 78, o with 64, o). In figure 327 the duplication 
of the middle accessory ridge of the lingual slope is very distinct. It seems as if the arrangement of the ridges 
on the buccal slope were not as regular as was described for P 1 but in view of the limited number of unworn premolars 
available for comparison, I do not venture to state whether we are dealing with a regular feature or whether there 
exists a great variation from one tooth to the other. In any case the differences of the pattern in question cannot be 
very significant. 

As to the special character of the root it shows the same peculiarity relevant of P1 . The two roots, fully 
grown, (figs. 75 and 214) are divided partly by longitudinal furrows into two unequal main branches each with a 
separated apex, the buccal branch being larger and somewhat higher than the lingual one. As is levealed by figure 
75, m and d, there is also an indication of a subdivision of the buccal branch into a larger primary one and a small 
secondary, intercalated on the distal side between the main buccal and lingual branches. This arrangement cor
responds completely to that described for P l and represents a remnant of an originally tripartite root. As in P1 

the neck of the tooth is only faintly constricted so that crown and root form a unity pi about the same robustness. 
The boundary between the two structures constitute in contrast to the condition in P 1 a rather straight line (figs. 75, 
m, d and 214, m) ascending slightly toward the buccal side* 
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The upper second premolar of recent man (fig. 76) when compared with that of Sinanthropus shows the same 

differences as was evident in the case of P 1 . The very regularly formed crown of recent man is much smaller but 

relatively shorter and narrov/er than that of the latter. The cingulum is entirely lacking. Only the triangular shape 

of the cutting edge (fig. 76, o) bears a resemblance to its original feature. Both cusps are more pointed than in 

Sinanthropus and the pattern of the chewing surface is extraordinarily simplified: all major—except the buccal—and 

accessory ridges have disappeared entirely (fig. 76, o), the cusps are rounded and smooth, especially on the surfaces 

which face each other. Apart from a fine longitudinal furrow deepening on each side which forms triangular pits there 

is no other feature in particular to be noted. 

The root tapers off on all sides from the neck to the apex equally. Shallow longitudinal impressions on the 

mesial and distal side indicate a tendency toward a bifurcation. According to Hildebrand (1908) two branches have 

been found in only 7 .9% and a single root with two separated apices in 4 . 5 % . 

T h e second premolars of the Neanderthal group do not differ distinctly from the first premolar as a comparison 

of P 2 It (fig. 74) and P 1 It (fig. 70) of the skull of Le Moustier shows. As a whole and in details these two tooth 

structures are of practically the same appearance. With respect to the root H . Martin (1923) states that in the man 

of La Quina there is only a single root which is flattened in mesiodistal direction and divided into two apices. With 

the exception of a somewhat more pronounced development of the furrows and pits no characteristic difference can be 

observed to exist between P 2 of Neanderthal man and that of recent man. It is possible that the chewing surface of 

the premolar of the Mousterian youth is slightly worn but, even if it should be the case, it could in no way alter the 

fact that the pattern of the Sinanlhropus points to a much greater primitiveness. 

A characteristic common to anthropoids and hominids is that the second premolar does not differ to any 

appreciable extent from the first one. Figure 326 shows that the general size, the size of both cusps, the entire 

pattern of the chewing surface and the arrangement of the ridges are approximately the same in both first and second 

premolars of Dryopilhccus. In recent anthropoids (fig. 298) there also exists a great similarity between the two premolars 

under discussion and the peculiarities by which Sinanlhropus differs from anthropoids with respect to the first premolar, 

hold good for the second premolar too. 

The description of the two premolars of Sinanlhropus demonstrated that the general shape of the crown and 

certain details thereof to be approximately the same in both teeth. Such a conformity is peculiar to all pnmates 

In addition, however, both premolars exhibit a special pattern of the chewing surface charactenzec^I by he presenc 

certain number of ridges and wrinkles and by their specific arrangement. Th.s pattern is, with the exception 
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of some prosimian families, restricted to the group.of anthropoids including hominids as stated above. 1 shall 
return to this question when describing the molars. Since the upper premolars of Sinanthropus offer an excellent 
example for demonstrating the real nature of this pattern and the principle involved in its arrangement 1 take the 
opportunity of entering into an advance discussion of certain details. 

I had earlier expressed the view that the ridges and furrows occupying the lingual surfaces of the incisors 

and canines respectively may be identical with similar formations of the chewing surface of molars, with the exception 

that they are much more numerous in the latter than in the former, at least in Sinanlhropus. A glance at the occlusal 

view of the premolars illustrated in figures 64, 77 and 78, o reveals that there are two major ridges, one on the buccal 

and one on the.lingual side, which represent the cutting edges of the corresponding cusps. The highest point of each 

ridge coincides with the tip of the cusp and from here the ridges descend on either side—mesial and distal toward 

the midline, that is the longitudinal furrow, where they meet. Outside of this field of major ridges the surface of the 

cusps is equally convex and smooth but within the area embracing the chewing surface proper, that is to say, the slopes 

of the cusps opposing each other, the tooth is covered by small and fine ridges and wrinkles the number of" which 

varies. The arrangement of these accessory ridges has been described above in connection with the first premolar. 

This description, however, requires to be more complete in certain respects. The accessory ridges, two or 

more, start from the tip of each cusp and descend divergently toward the longitudinal furrow. Yet in cases in 

which a distinct tip is missing and the cutting edge represented by a rather straight line, the ridges also start from 

marginal parts of the edge and then take a more or less direct course toward the main furrow. Because of their 

arrangement, the spurs of the cusps and the main ridges also form the mesial and distal walls of the chewing 

surface which permits the development of more accessory ridges and which start on either side of the wall and run 

toward the center of the chewing surface. This feature is clearly seen in figures 77 and 78, o. Thus, we deal 

with two varieties of accessory ridges (wrinkles), namely with those coursing in transversal and those in longitudinal 

direction. T h e former are longer, coarser and in the majority more or less uneven, while the latter are shorter, 

finer and straighter. 

In anthropoids these wrinkles have the same character and the degree of development is dependent upon the 

individual family within the primate group as will be discussed later. In the Neanderthal man the tendency to 

disappear is already very pronounced and in recent man, as a rule, the wrinkles have been completely lost with only 

fine furrows preserved which border the base of the cusps and the mesial and distal walls. 

b. LOWER PREMOLARS 

In recent man the lower premolars may be distinguished from the upper chiefly by the differences in the 

outlines of their chewing surfaces, that of the former being rounded and that of the latter more oval. All other 

details are not sufficiently reliable for a determination. In Sinanlhropus, especially in such cases in which the lower 

premolars are unworn and their characteristics therefore preserved, the distinction can be made as easily as in 

anthropoids. 

First premolar (figs. 54, 79, 80, 82, 83 , 84, 86, 87, 89, 270, 271, 272, 283, 285, 287, 288, 328) ^ 

W e have six isolated lower premolars and seven either embedded within the mandibles or foundjri irect 

connection. Four of the former are in a very good condition of preservation one of which is entire y " J ™ ^ ^ ^ 

the premolars in situ two represent germs which were exposed by preparing the jaw specimen an e*S1^ ^ ^ 

These favorable conditions made it possible to undertake a thorough study of the crown as well as^o t w r ^ ^ 

at the same time to record the existing variations. With regard to the probable sex, five teeth belong j ^ . ^ ^ 

type and have been recorded as male and eight represent the small type and probably pertain to tema e ^ 

The identification of the premolar and the distinction between right and left tooth is easily ma c ecause o 
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The first premolar is of relatively large and robust construction. Viewed from the mesial or distal side 

(figs. 79 and 80, m, d) the bicuspidal character of the tooth is very clear with the buccal cusp always higher than the 

lingual. For the description of details of the crown tooth specimen No. 80 (figs. 79, 272, b) was taken as example. 

This specimen is an entirely intact germ and belongs to the juvenile mandible B I reconstructed by Davidson Black 

(compare Weidenrcich, 1936 b) and subsequently extracted from its socket. The buccal surface (fig. 79, b) appears 

to be much more like that of an upper incisor because of its great length in relation to the height. The base of the 

surface is bordered by a broad, rather prominent and well limited cingulum which ascends on either side to the cutting 

edge, higher upward on the mesial than on the distal side. These ascending parts are separated from the surface itself 

' by very distinct grooves. The surface is vaulted in transverse direction and projects stronger toward the mesial than 

• toward the distal side (fig. 79, o). Another characteristic feature is its middle in representing an elevated triangle the 

apex of which (fig. 80, o) forms the highest region of the cutting edge. This edge is a sharply curved ridge with a 

higher central part and a more or less accentuated corner on each side where the ascending parts of the cingulum 

meet the edge. The buccal surface occasionally shows (figs. 79, 83, 6) several distinct striations. The basal 

cingulum itself considerably overlaps the neck (fig. 79, m, J); in some cases (figs. 82, 87, m, 328) this overlapping 

is restricted to the mesial half of the surface. As figures 79, 80, 82, 83, 86, 87, 89 show there is a certain degree 

of variation in the development and distinctness of the described details but the general characters as a whole are 
always the same. 

The lingual surface of the tooth No. 80 presents a strange aspect (fig. 79, J)» T h e crown here is con

siderably lower than on the buccal surface. The lingual rim bordering the chewing surface is equipped in its middle 

with two small separated and pointed elevations, whereas buccal ward from these irregularities of the rim there 

rises above that surface a conical cusp the lingual slope of which is in connection with the lingual rim and its just 

described elevations only to a small extent. In contrast to the buccal surface the lingual one is strongly convex in 

transversal directions (fig. 80, o). Here also the transverse projection is clearly unilateral and mainly developed 

toward the distal side (figs. 79, 80, 82, 86, o; 328). 

Both of these unilateral protuberances—that on the buccal side projecting mesially and that on the lingual 

side distally—give the tooth, when viewed from the occlusal surface, a very characteristic aspect. Its contour makes 

an irregular oval the greater diameter of which forms a distinct acute angle with the mcsiodistal main direction of 

the tooth and does not meet with it in a right angle as may be expected (fig. 329). As this diameter runs from 

mesiobuccalward to distolingualward the distinction between right and left premolar is easily made. 

The middle part of the chewing surface is formed by the slopes of the two cusps and by those descending 

from their connecting ridges of the mesial and distal sides. Thus, there are buccal, lingual, mesial and distal walls 

the slopes of which meet by a deep longitudinal furrow terminating with a distinct pit at either end. All these walls 

are covered by short accessory ridges, those of the buccal wall being developed best. As described above the 

lingual cusp rises as a more or less isolated cone above the lingual part of this surface (fig. 79, o). Both the 

highest point of the buccal • cusp and the tip of the lingual cone are situated clearly mesialward from the buccolingual 

midline of the tooth. 

The appearance of the chewing surface in the other premolars at hand (figs. 80, 83, 84) is the same in 
principle. There are very essential differences, however, with respect to the lingual cone and its relation to the 
lingual and buccal walls of the chewing surface. In figure 80 the cone seems to be a real part of this wall itself 
but located somewhat more buccal wards and leaning against the buccal cusp. The same is true for the tooth illustrated 
in figure 83. Although in both cases the cone is in close connection with the lingual wall, yet it is evident that it 
does not represent such an integrant part of it as the buccal cusp with respect to the buccal wall. Apart from this 
peculiarity the cone itself reveals some interesting features: in the specimen illustrated in figure 80 the lingual side is 
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ribbed by accessory ridge's on the side opposite" the chewing surf ace; furthermore', in figures 80 and 84 there is a 

meandering rim starting from the tip of the cone and continuing toward the buccal cusp in the form of a special 

accessory ridge (fig. 80, I). In all these correlated cases the lingual cone "is much lower than the buccal cusp. 

In such teeth in which the original chewing surface has become obscure due to attrition (figs. 82, 87, o; 328) 

the lingual cone may be represented by a rounded swelling of the lingual wall projecting from it toward the buccal 

cusp. The entire special pattern is lacking, with the exception of deep stroke-like pits on each side indicating 

the boundary between the buccalIy projecting lingual cone and the mesial and distal walls. In figure 328 the 

accessory ridges surrounding the two pits are very pronounced. 

The root (figs. 82, 86, 87, 89, 9 1 , 328) of the first lower premolar is very stout, especially if it is composed 

of two fused main branches as true of three of our specimens. There where only one root exists it forms an equally • 

tapering stem which is far more developed in the buccolingual diameter than in the mesiodistal one. The distal 

surface is straight, while the mesial one is strongly convex receding lingualwards toward the apex (figs. 87, 89, J). 

The longitudinal axis of the root deviates slightly distalwards. Both mesial and distal surfaces are divided by 

longitudinal median furrows into a buccal and lingual portion.' / *• 

In cases in which these furrows are deeper impressed (fig. 87) the impression is always more pronounced on 

the mesial than on the distal side, thus dividing the root into a larger buccal and a smaller lingual portion, each of them 

having an individual apex. The buccal portion again shows traces of division and also on the mesial surface. In figure 

91 the root of the tooth of figure 82 is illustrated viewed from the apex and the buccal and distal sides. Here it is 

evident that we are dealing with two fused branches, a large buccal and a smaller lingual one, the former seemingly 

composed of two portions, namely of a main portion projecting mesialwards and a smaller one attached to its mesial 

and lingual sides. The furrows found in single-rooted teeth together with the strong convexity of the buccal surface 

of the root apparently must be considered as an indication of the existence of two branches originally. 

The relation between crown and root is very well demonstrated by figure 82. In this specimen the root 

appears as a mere enamel cap over the top of the root. There is no trace of a well developed constriction of the 

neck region which, it is true, may be more pronounced m other cases. T h e cingulum overlapping the buccal 

boundary, especially on its mesial side, has already been described above. 

The description and illustrations include the lower premolar recovered in 1926 in Locality I of Choukoutien 

and described by Zdansky (1927). As is evident from figure 84 this tooth is a characteristic first lower left premolar 

of Sinanihropus as that author already assumed. Its size suggests that it may belong to a female individual. The 

very distinct and characteristic oblique course of its transversal axis (fig. 329, b) however, escaped Zdansky's notice. 
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l ne first premolar of recent man (fig. 85) when compared with that of Sinanthropus presents an entirely 
different aspect. Only the general appearance seems similar. The greatest differences between these two types 
concern the size, the proportions of the crown and those between crown and root, the special feature of the crown and 
the pattern of the chewing surface. Like all other teeth as has been shown above, the premolar of recent man is 

•; -J- merely a small and entirely simple tooth which has lost most of its characteristic features. 

To begin with the crown, one of the most striking differences between recent man and Sinanthropus is the 
proportion between height and length of the crown which is low and long in Sinanthropus while in recent man it 
is high and short (compare fig. 85, o, / with figs. 79, 80, 83, 6, I). A cingulum and its differentiation is entirely 
absent in recent man, with only the enamel slightly overlapping its buccal boundary (fig. 85, m). The crown viewed 
from the occlusal side is almost completely symmetrical, a peculiarity which caused Bolk (1914) and de Jonge-Cohen 
(1920) to consider the first (and the second) premolar as the ideal prototype of the mammalian tooth, each composed 
of a pointed proto- and deuteromer. In figures 85, o and 273, e, / , this symmetry is not as perfect as in typical 
cases of recent man (fig. 273, d) the transversal axis still deviating slightly in the former in oblique direction 
(fig. 329, e), but according to Lenhossek (1922) it is the usual appearance. Apart from this symmetry the entire 
crown is simplified. Instead of the more or less isolated lingual cone, a low and minute elevation located at the 
middle of the lingual rim itself or more frequently somewhat nearer the mesial side marks the region in which the 
cone in Sinanthropus rises. This elevation is in connection with the smooth lingual slope of the buccal cusp by a 
low and rounded transversal ridge running in the midline and separating the surface in question into approximately 
equal portions, a mesial and a distal one, the most characteristic features of which are deep slit-like or triangular pits 
on either side. The original asymmetry in favour of the distal side is indicated by the distal pit being always 
somewhat larger than the mesial one. All ridges are rounded off and the accessory ridges are absent or at best 
outlined by indistinct irregularities of the surface the most common of which are the small longish tubercles descending 
from the main ridge of the buccal cusp on each side of the middle transversal ridge (fig. 272, d). Of course in 
recent man also there are many variations the most important of which considered from the phylogenetic standpoint 
are those concerning the development and the location of the lingual cone or its substitute of the lingual rim. The 
case illustrated by figure 272, dt for instance, somewhat resembles Sinanthropus of figure 272, 6, while figures 272, 
e and / , show a similarity to Sinanthropus of figure 272, c. The division of the lingual cusp into two by a median 
fissure and not infrequently found in recent man has to be considered as a secondary variation, and it may be that 
it could also be traced back to Sinanthropus like the case illustrated by figure 79, /, in which the upper border of 
the lingual rim shows a similarly small fissure. 

The root of the first premolar of recent man is usually represented by a single awl-like and equally tapering 
fang with a greater buccolingual diameter (fig. 85), and the apex slightly bent mesially. Besides the differences 
in robustness and height and the convexity of the buccal surface in Sinanthropus, there are no essential differences 
between recent man and Sinanthropus when compared with such cases as illustrated by figures 87 and 89. While 
indications of the occurrence of bipartite, even of tripartite roots are very commonly found in Sinanthropus as shown 
above, yet such occurrences are extremely limited in recent man. I shall return to this question later. 

The first premolars of the Neanderthal man in so far as they are intact and sufficiently well preserved to 
permit an adequate comparison with Sinanthropus prove rather convincingly the great gap separatinC the latter from the 
former and at the same time the closest approach of Neanderthal man to recent man. According to H. Virchow 
(1920) the first right premolar of the Ehringsdorf child in the stage of eruption looks somewhat̂  strange when^com
pared with the corresponding tooth of recent man, although there is not the shg test trace of an « H ^ 
appearance recognizable. Virchow's description is confined to the statement that the buccal surface of the toot 

P £ X " a swelling above the enamel border which flattens toward the tip of the cutting edge and that the lingual g y 
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cusp represents a large isolated tubercle continuing buccalwards into a ridge which rises toward the lingual slope of 
the buccal cusp ending there before reaching the tip. This lingual tubercle is separated from the remaining lingual 
wall by a sharp fissure on each side. Figure 92, b, o, is a copy of Virchow's photographs of this tooth. It Js 

true, there is no indication of the presence of a cingulum or of other features characterizing Sinanthropus, except 
the fine ridge running along the lingual tubercle toward the buccal cusp (compare figs. 92, o and 80, o; 84). 
The Ehringsdorf tooth is totally symmetrical and the lingual cone is replaced by an isolated tubercle interposed 
within the lingual rim. The first premolar of the Mousterian youth (fig. 94) closely resembles that of the Ehringsdorf 
child (fig. 92, o) in its general appearance, but it differs from it by its asymmetry, the tip of the buccal cusp and 
the well developed lingual tubercle located closer to the mesial side thereby forming a much larger distal pit than 
is true on the mesial side. Although the buccal cusp of the first premolar of the Heidelberg mandible (fig. 95) 
is badly worn, there is sufficient of it preserved to permit a definition of the real character of this tooth. This tooth 
shows the same feature as that apparent in the Ehringsdorf child, the large lingual tubercle being separated from 
the remaining lingual wall by distinct fissures on each side and the mesial and distal pits being deep and distinct. 
An asymmetry with respect to arrangement of cusps and outline of tooth does not exist. Likewise different from 
the Sinanthropus type is the premolar of Krapina (fig. 93) which resembles closer to that of recent man, there being 
only a fine ridge of the lingual tubercle visible like in Sinanthropus and the Ehringsdorf child, and a slight asymmetry 
in favour of the distal pit and faint traces of accessory ridges on the buccal rim. With respect to the roots of these 
premolars of Neanderthal man exact information is lacking, with the exception of H . Martin's brief statement (1923) 
to the effect that in the man of La Quina both mesial and distal surfaces of the root are furrowed in longitudinal 
direction. 

A comparison of the first premolar of Sinanthropus with the corresponding tooth is of the greatest importance 
with regard to the problem of human evolution. Like the canine this tooth has at all times been used as an example 
to prove that there cannot be any direct relation between hominids and great apes on account of fundamental 
differences in its shape. In typical cases (figs. 88; 90, a; 240; 241; 329, j) the premolar is prolongated in mesial 
and buccal directions so that its main axis runs obliquely from mesiobuccalward to distolingualward. In addition 
the whole tooth is strong and high; the buccal cusp and its tip being well developed and its cutting edge 
long and sharp give it the aspect of an irregular pyramid. The cingulum is not distinguishable from the far 
projecting basal swelling of the buccal surface but towards both mesial and distal ends of the cutting edge there 
lises from this swelling a rib which corresponds to the ascending part of the cingulum described in the case of 
Sinanthropus* A distinct lingual cone or cusp is absent, instead there is sharp ridge which descends from the tip of 
tne Duccal cusp downward and distalward and terminates by a strong rim on the lingual distal corner of the chewing 
surface. This lingual ridge divides the lingual slope of the buccal cusp into a mesial and a distal surface, each 
being slightly depressed (compare fig. 329, /). 

The strong development of the elongated buccal cusp with a well pointed tip and a sharp cutting edge, 
specially pronounced in its mesial portion, act in collaboration with the corresponding differentiations of the upper 
canine and give the premolar its peculiar sectorial character. Remane (1927, 1931) has proven, however, that this 
specialized tooth in particular displays an extraordinary variability in anthropoids. This is especially true for the 
female individuals of chimpanzee and orang. Figures 81 and 272, a, show the premolars of a male chimpanzee 
which approach that of Sinanthropus (fig. 79) so closely that a direct relationship between them can no longer be 
doubted. In both cases there is a well developed cingulum on the buccal surface ascending to the mesial and distal 
corner of the cutting edge and continuing lingualward into a strongly projecting basal lip-like protuberance. Between 
this protuberance and the lingual slope of the buccal cusp a low cone rises separated from the buccal cusp which 
corresponds completely to the lingual cone described above of Sinanthropus (fig. 79, /)• The only difference between 
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these teeth is that the differentiation of the cingulum is more pronounced and the lingual cone less isolated in 

chimpanzee than in Sinanlhropus whereas the asymmetry is even more distinct in the latter than in the former. 

As to the roots of anthropoid premolars the same variability exists. Generally they are equipped with 
two roots but occasionally they may also be found to have fused into one in all three anthropoids (Remane, 1927)-
Figure 90, a, shows the normal bipartite root of Pi rt of a male chimpanzee viewed from the mesial side with 
the buccal branch cleatly projecting mesialwards. Figure 88 shows Pi rt of a fossil (male }) orang with a distinct 
broad cingulum on the buccal surface and a fused root apparently consisting of two portions, a larger buccal one 
projecting mesially and a smaller lingual one with a deep longitudinal furrow. This feature is very similar to the 
condition observed in Sinanlhropus (compare figures 88 and 90 with figures 82 and 86, m). 

One of the most commonly used arguments in discussing the problem concerning the relation between hominids 

and anthropoids (see AdlofFs publications) is the supposed primitive character occasionally distinctly developed in 

the former. This primitiveness which is not restricted to the anthropoids but rather represents a general peculiarity 

of the lower primates and, hence, may be preserved in hominids as well as in anthropoids. The fact that the teeth of 

both these groups have a common primate character is self-evident and requires no further ascertainment. The question, 

as to how far hominids and anthropoids are closer correlated with each other than with the remaining groups of primate 

remains open. It is certain that the first lower premolar, in all Platyrrhinae and Catarrhinas shows the sectorial type 

and the same is true for prosimians. But in all these groups there is a great variability in the degree of its development, 

with the latter depending upon the individual relevant species and sex. In any case the premolar of Sinanlhropus 

resembles closest that of anthropoids, especially chimpanzee as demonstrated above, but not that of a real or 

fictitious primate. Hominids and anthropoids thus belong together. I shall return to this question later. 

The facts that the premolar of recent man represent only a Sinanlhropus form strongly reduced in size and 

pattern and that its simplicity is not a basic one but rather a secondary acquisition do not require further proofs. 

The latter are furnished by the variation among Sinanlhropus itself (tending clearly toward the recent man type) and 

by the premolars of Neanderthal man which, although already closer to recent man, link both opposing groups in 

question. 

Second premolar (figs. 54, 96-98, 101, 103, 273, 274, 283, 285, 287, 288) 

Two isolated second premolars and five embedded within their respective mandibles or at least found together 

with them are available for comparison. Three of these tooth specimens are germs and entirely intact. In one 

case pertaining to an adult mandible (jaw K) the tooth could be extracted for the purpose of studying the root conditions. 

With regard to the assumed sex, four show the large type and have to be considered as male, three belong to the 

small type and thus represent female individuals. The identification of the tooth and the distinction between right and 

left was easily made on account of the distinct appearance of this premolar. 

The three unworn teeth (figs. 96, 97, 101) not only vary in their pattern but also in their shape. The 

most interesting of them and perhaps the most conspicuous of all Sinanlhropus teeth is the specimen No. 89 (fig. 97). 

This tooth is a germ with the crown already fully developed and the root only to a slight extent. It belongs to the 

juvenile jaw B I reconstructed and first described by Davidson Black (compare Weidenreich, 1936, b). During the 

preparation Black removed the premolar from its socket, made a photograph (fig. 274) and a cast of it because of 

its strange appearance and then re-embedded it into the jaw. The present writer, not less surprised than Black over 

the appearance of this tooth, removed it for the second time and decided to leave the socket empty. As stated above 

this mandible also had embedded within its alveolar process the germ of the first premolar (No. 80; fig. 79) described 

as the Sinanlhropus prototype (see above). 
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r Viewed fromithe buccal side the premolar in question (fig. 97, 6) is long and low. The base of the buccal 

surface is occupied by a well developed cingulum which rises still within the region of the mesial part of this 

surface toward the cutting edge but becomes indistinct toward the mesial surface itself into which it continues 

without a boundary. On the distal part of the buccal surface there is a distinct ridge branching from the basal 

cingulum and ascending vertically toward the cutting edge. 

In this way the median section of the buccal surface or better the buccal cusp is given a special contour. 

It forms at the same time the highest part of the cutting edge which however does not occupy the midline but is 

clearly shifted to the mesial side of the tooth. The cingulum overlaps the neck also on this side. Viewed from 

the mesial or distal side (fig. 97, m, d) the buccal surface recedes gradually from the base to the cutting edge in 

lingual direction, while the lingual surface appears to be more equally curved. The lingual surface (fig. 97 A 

shows no special detail, except a horizontal striation near the base, which continues into the cingulum. The lingual 

cusp rises as a small pointed elevation above the general level. It is but slightly lower than the buccal cusp and like 

the latter is clearly shifted to the mesial side. 

Viewed from above (figs. 97, o and 273, b) the tooth has the aspect of an oblique oval with the greater 

diameter running from the mesiobuccal to the distolingual side. The buccal cusp and the lingual one, being 

immediately opposite each other, are shifted to the mesial side so that the transversal midline of the tooth passes 

along their distal base. ' T h e entire distal portion of the tooth is occupied by a special projection which extends also 

lingualwaids and is clearly lower than the mesial portion of the tooth represented by the two cusps (fig. 97, o, d). 

This lower heel shows a very characteristic pattern: around a pit-like center there are a great number of short 

accessory ridges arranged like spokes of a wheel and less developed on the side of the cusps. In addition, the 

mesial wall connecting both cusps is also covered by such wrinkless which are likewise present on the slopes of the 

cusps facing each other. »jy;-. ; .v v •;.-.,-*.v 

The remaining unworn premolars (figs. 96, 101, 103) exhibit the same features as the one just described, 

namely the cingulum with the ascending ridges on each side of the buccal surface, the mesial location of the two cusps 

and the heel-like appearance of the distal portion of the tooth. The sole differences concern the degree of 

development of the latter structure which does not attain the same distinctiveness in all these cases as in the one used 

for an example. They are manifest in a lesser development of the heel, in a more rounded form of the outlines of 

the chewing surface and in an irregularity and scarcity of the wrinkles around the heel center. However, in spite 

of the smallness of the heel and the irregularity in size and number of wrinkles the original character of the distal 

portion in its nature of an appendix to the main part of the tooth as represented by the buccal and lingual cusps is not 

difficult to be recognized also in the related cases. If a tooth has been worn to such a degree as to cause the entire 

chewing surface to form a more or less smooth plane such as illustrated in figures 98 and 103, o, the star-like 

arrangement of fissures occupying the distal area of that surface serves to indicate the original conditions. On the 

other hand, another important criterion is presented fry the differing shape of the contour of the entire tooth and that 

of the chewing surface proper. Even if the former should have been more rounded, that is to say, the mesiodistal 

diameter showing approximately the same extent as the buccolingual one (compare figs. 96 and 101, c), the 

chewing surface itself bordered by the surrounding ridges always retains its oblong shape with the mesiolingual 

diameter being the longer one. 

The roots are either broken oft or not yet developed among the isolated teeth available, but well preserved 

in the left premolar of mandible K I (fig. 98) thus made possible to be removed from its socket. Like the 

root of the first premolar it is compressed in the mesiodistal diameter so that this one is considerably smaller than 

the buccolingual diameter. The root is equally strong in almost its entire height and is tapering but shortly before 

C S A 
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its apex. The mesial as well as the distal sides (fig. 98, m, J) show distinct longitudinal furrows more pronounced 
on the mesial side and dividing the root into a buccal and lingual section; from the latter a small mesial portion is 
again subdivided by a deep cleft coursing from the lingual-mesial side. The apex itself is bipartite with the 
lingual part slightly more projecting than the buccal one. The crown, larger in all its dimensions than the root, is 
distinctly marked off from the latter, especially when viewed from the buccal side. The overlapping of the enamel 
on the mesiobuccal side has already been mentioned above. 

Ay. 
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Measurements of second lower premolars/ 
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No. 30 
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* greatest length of the crown 

The second lower premolar of recent man (figs. 99, 273, e, f) when compared with that of Sinanthropus is 
much smaller, very regular in its shape and without any complications in its pattern. The crown is high and short 

"and from the neck widens equally toward the cutting edge. The buccal section of this edge forms a low isolated 
triangle the apex of which represents the buccal cusp. A similar but much smaller and lower triangle covers the 
lingual section of the edge with its apex representing the lingual cusp. While the buccal cusp occupies the midline, 
the lingual one has in almost all cases shifted distinctly toward the mesial side. Viewed from the occlusal surface 
the outline of the crown shows a circular form with the buccolingual and the mesiodistal diameters being about of the 
same extension. Both cusps are united by a low and blunt transversal ridge interrupted by a saddle and a fine 
longitudinal fissure J On the mesial as well as on the distal side of this ridge there are circular pits, both of the same 
s i z e . . ,•• •!'.'-,'• V '• 

The awl-like root compressed in mesiodistal direction is slender and tapers off gradually toward the apex. 
The crown decreases similarly in its entire circumference toward the neck so as to make the former appear as being 

•••wK,; 

only the uppermost portion of this awl. 

Like in the case of the first premolar, there is a moderate variation, especially in the pattern of the chewing 
surface, de Jonge Cohen-Muhlreiter (1928) illustrate some examples (fig. 41, I-IV). All those variations tend to lean 
toward the same direction, namely first from an asymmetrical arrangement of the cusps, that is closer to the mesial 
side, to a symmetrical one, that is their location in the midline; secondly, from a pattern complicated by accessory 
ridges with a star-like arrangement in the area of the distal pit to a simple circular depression and, thirdly, from a 
bicuspidal type to a tricuspidal one. The latter type is represented in figure 273 / . In my opinion such could be 
traced back to a Sinanthropus pattern like those illustrated by figure 273 c, d in which the original lingual cusp 
together with the adjoining accessory ridges belonging to the mesiolingual section of the heel (compare fig. 273 o) has 
merged with the two rounded tubercles. 
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Of the second premolars within the Neanderthal group (figs. 104-106) that of the Ehringsdorf child (fig. 105) 

approaches closest to the Sinanlhropus type, at least with respect to the pattern of the chewing surface. This tooth 

is of the greatest importance because, according to H . Virchow (1920), we are dealing with an unerupted and com

pletely intact specimen. Like in all other cases of Neanderthal man the cingulum and its differentiations are entirely 

lacking. Likewise there is only a slight asymmetry of the outline of the chewing surface. The pattern ot the 

latter has been extensively described by Virchow but unfortunately he laid greater stress upon the molar-like appearance 

of the tooth shown by traces of two accessory cusps than upon the general character of that surface. These cusps 

are represented by insignificant buccal and lingual elevations occupying the distal border of the surface. As figure 

105 illustrates the most striking feature to be observed is that the buccal and lingual main cusps, both of which are 

united by a transversal ridge, have shifted sharply to the mesial side thus rendering the tooth distinctly asymmetrical. 

The mesial pit located between that transversal ridge and the mesial border of the crown is small, while the distal 

pit is formed by a large oval area which corresponds exactly to the deepened center of the distal heel described for 

Sinanlhropus (fig. 97, o). This pit is bordered distally by a buccal and a lingual elevation (Virchow's accessory 

cusps) and traversed by fine fissures radiating from the center and separated from each other by fine ridges covering the 

slopes of the two main cusps and of the two accessory ones. There is no doubt that the fundamental arrangement of 

the pattern of this Ehringsdorf premolar is exactly the same as that of the Sinanthropus tooth (fig. 97, o). Yet there 

is one essential difference: although the Ehringsdorf tooth is an unerupted germ, its whole surface compared with 

that of the Sinanthropus premolar is completely smooth and appears more like a worn Sinanthropus tooth than an unworn 

one of the latter (compare figs. 97, o and 105) with the result that the two teeth only bear a similarity to each other 

as regards the principle of their pattern. 1^v . -

The premolar of the Mousterian youth (fig. 104) approaches very closely to* the Ehringsdorf tooth just 

described. As has been noted by Gregory (1921) the distal pit is much larger than the mesial one. In additiont 

the arrangement of the fissures is exactly the same as in the Ehringsdorf premolar the difference being only in the 

smoother surface of the former which is apparently due to the stronger attrition of the Mousterian tooth. On the 

other hand the contour of the chewing surface is oblong with its greater diameter running from mesiobuccal to disto-

lingual direction, a feature which corresponds perfectly~to the conditions of the Sinanthropus specimen illustrated 

in figure 97 . t.t~ 
. . > ^ - ' : \ v ; # ' ' V ; ••' -'i ? ' ' " ' •%• J '• K> 

Quite in contrast to these two Neanderthal premolars that of the Heidelberg mandible (fig. 106) is completely 

symmetrical and does not differ in any essential features from those of recent man (compare fig. 106 with fig. 273, c). 

The second premolar of the anthropoids (figs. 90, 6, c; 102; 107, 108; 273, a; 297) shows all the charac

teristics of the Sinanthropus tooth, only in a more pronounced degree of development. . When the premolar of chim

panzee illustrated in figure 102 is compared with the Sinanthropus tooth of figure 97, the differences are very small 

and merely concern details of minor importance. The cingulum and the way of its ascent to the mesial border 

of the cutting edge (fig, 97, o and 102, 6) is exactly the same. The buccal cusp in chimpanzee rises to a higher 

level and beyond that of the heel-like distal appendix of the tooth than is true in Sinanthropus. The shape of die 

crown, however, as may be judged by the outlines of the chewing surface (figs. 97, o; 102, o and L/J, a) is 

the same oblong and asymmetrical appearance in both cases and the chewing surfaces display in principle the same 

patterns, with the only difference that in chimpanzee because of the greater height and distinctiveness of the ucca 

and lingual cusps the contrast to the distal heel is more pronounced than in Sinanthropus. Such a disparity is a so 

evident in the size of the accessory ridges and in that their arrangement is finer and much more irregular in chimpanzee 

than in Sinanthropus. In orang the special character of the heel occasionally is quite clear as in figure 108. The 

two main cusps and the transversal ridge uniting them are shifted here entirely mesialward so that the mesial pit w 
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restricted to a small depression between that ridge and the mesial border, while the distal pit occupying a great 

circular area bordered on its distal side by a narrow rim is traversed by many fine wrinkles radiating from the 

center to all directions. In gorilla (fig. 107) the appearance of the chewing surface is as follows: two cusps, 

very high and well pointed, are likewise shifted far mesialward, and the ridges uniting them are very narrow and 

sharply edged, while the distal heel projects far lingualward. The deep distal pit occupies a large area bordered 

by a high wall with an edged rim and the fine wrinkles confined to the mesial and buccal parts of the wall and the 

base of the pit. 
t 

It is worthy of note that in some cases the mesiolingual portion of the wall surrounding the pit has developed 
to a really low but pointed cusp. A similar but smaller thickening may occur also at the opposite corner, that is 
to say, on the mesiobuccal side of the wall. In orang and chimpanzee both places may likewise be marked by more 
or less distinct elevations, without obtaining, however, the character of real cusps. 

With respect to the root Remane (1927, 1931) already called attention to the fact that the primary bipartite 

root sometimes shows a tendency towards fusing into one single root. In figure 90 the second premolars of the left 

(o) and the right (c) side of the same male chimpanzee are illustrated, the former in mesial view and the latter in 

buccal view. In the right premolar two separated branches, a mesial and a distal one, are present with the mesial 

branch clearly located much more buccalward than the distal one. In the tooth of the left side (6) there is only one 

root but this root consists of two fused branches, namely a large mesiobuccal branch and a smaller distolingual one. 

These are exactly the same conditions as in Sinanthropus (compare fig. 98, m with fig. 90, m). 

When comparing the second premolars of anthropoids and those of Sinanthropus there cannot remain the 

slightest doubt but that Sinanthropus has all his characteristic features in common with anthropoids and that the unim

portant differences which exist are not in any way greater than those distinguishing the various families within the 

anthropoid group. I therefore, consider it superfluous to again enumerate the individual features concerned. The 

statement so often made by certain authors emphasizing that the teeth of recent man do not have anything in common 

with those of anthropoids and that the peculiarities of the former may be directly traced back to a primitive type 

of primate has now been completely disproven by the dentition of Sinanthropus, especially also by the second premolar. 

Of course, the heel-like distal appendix and the mesial location of the buccal and lingual cusps are to be found.also 

in lower monkeys and are characteristic for all Platyrrhinae and Catarrhinre but the peculiar shape of the tooth, the 

proportions and the existence of accessory ridges, together with their arrangement around the center of the heel, 

are specific for anthropoids and Sinanthropus. 

On the other hand there is a continuous line of regression leading from Sinanthropus to recent man with 

a distinct tendency toward simplification of the entire premolar in question and deprivation of all its complicated 

patterns. Such a process already took place in Sinanthropus as proven by its individual variations described above* 

In Neanderthal man, as far as suitable material is available of this hominid, this regressive process has already reached 

a high degree approaching very closely to that of recent? man.- * " 

c. THE CANINE AND PREMOLAR PROBLEMS ICi;.: 

> In one of the preceding chapters dealing with the canine it has been demonstrated that the shape of the upper 

and lower canines of Sinanthropus differ from each other considerably. Sinanthropus occupies herewith a special 

position when compared with the anthropoids on the one hand, and with recent man on the other, because the upper 

end lower canines of the former as well as of the latter show a distinct tendency of becoming more or less equal 

in their entire appearance. It may be that the disparity in the case of Sinanthropus must be considered as the 

original primitive character peculiar to early lower primates for, indeed,: it can still be found in their living 
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representatives. Thus the tendency toward conformity may be considered as a convergency which occurs independently 

in both anthropoids and hominids. Nevertheless, the fact that the upper canine of Sinanthropus reveals a typical 

anthropoid structure with respect to its entire appearance is evident by its marked resemblance to the lower canine 

of the fossil orang shown above. The actual problem on the canine, however, does not concern so much the 

shape and pattern of this tooth but rather its size and more particularly its height. Many authors, strange as it may 

seem, take this very feature as the only decisive criterion of the classification of a given primate type within the 

zoological group of anthropoids. In the case of hominids such a standpoint is all the more erroneous, for all remain

ing peculiarities of the entire body prove incontestably the existence of the closest connection between hominids and 

anthropoids and show that there is a wide separation of the former from all other groups of monkeys and prosimians. 

Although I consider the entire question concerning the size of the canine a rather irrelevant matter, yet it should be 

discussed with regard to the really new facts supplied by the Sinanthropus dentition. 

The most striking peculiarity of a large and high canine is its projection beyond the level of the adjacent 

teeth, namely the second incisor on the mesial side and the first premolar on the distal one. Of course, such a 

projection can only be proven with accuracy if the canine and the adjacent teeth have not undergone a strong attrition. 

In anthropoids this fact in general does not matter a great deal, since the canines there are so high that even a strong 

attrition would not alter their preponderance to any great extent. As has been shown by Remane (1931), however, 

in many cases the attrition causes also here such a complete leveling of the chewing surface that neither the upper 

nor the lower canine exhibit any signs of projection. A case of this kind concerning an old female orang is illustrated 

in figure 306. Another fact is revealed in this illustration, namely there are no diastemata to be observed between the 

lateral incisor and canine for the accommodation of the lower canine nor between the canine and the first premolar to 

accommodate the upper canine. Remane (1931) has likewise shown that these gaps may be completely or approximately 

completely absent in anthropoids also, even in cases with well developed canines. The absence of a diastema 

therefore cannot be considered as proof that a low canine had existed. This conclusion is especially true for the 

upper canine; for all Platyrrhinas have very long and pointed upper canines but without the slightest gap between the 

lower canine and first premolar both of which are in immediate contact in a large number of cases. The same holds 

good for the prosimians. The reason for this peculiarity is that the upper canine does not interlock between the two 

lower teeth as much as it overlaps them on their buccal sides. This behavior apparently is the more primitive one. 

Indeed, in connection with this feature the first premolar of the Platyrrhinae has no pronounced sectorial 

character, being formed symmetrically by two well developed cusps facing each other. Moreover, the diastema of 

the upper jaw does not depend so much upon the height and large size of the lower canine as upon the difference 

in the direction of the upper incisors and the upper canines. If the former have an approximately horizontal position 

as in the case of a strong alveolar prognathism, a wide gap may be found because the canine is not taking part in that 

projection but keeps its more vertical direction. If, on the contrary, the incisors are placed vertically, then the gap 

is reduced and may be absent completely even if there should be a high and large lower canine present. Figures 

219 and 220 demonstrate such cases for the anthropoids; both figures represent adult female orang, figure 219 

illustrating the first eventuality while figure 220 shows the second one. In the orang in figure 220 the lower canine 

was even much larger than in the orang of figure 219. That the formations of diastemata may primauly be, if at 

all, only in very loose connection with high canines is furthermore evident when conditions in question are studied in 

prosimians. Here very wide gaps may be observed without the canines showing a stronger or corresponding deve op 

ment. .In his latest publication Adloff (1937) claims that the absence of a diastema proves that a considerable 

projection of the canine could not have existed because of the hindrance caused thereby to the articulation. 1 e 

existence of anthropoids without any diastemata and of Platyrrhinoe with very long upper canines and no indication 

of that feature illustrates very clearly the incorrectness of such an assumption. 
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i In order*to decide the question whether or not the canines of Sinanthropus project beyond the level of the 
adjacent teeth, especially beyond that of the first premolar, it is essential to have unworn teeth available. 
Unfortunately, there is only one of the upper jaw and two of the lower jaw at hand. With respect to the latter in 
mandible B I the left canine (fig. 50) and the right first premolar (fig. 79) are preserved and in mandible B V 
the corresponding teeth of the right side (figs. 51 and 83). Measurements of the height of the crowns are as follows:' » 

B I: C, (No. 70) 11.7 mm 
:$>** Pi (No. 80) 8.7 mm 

B V : C, (No. 71) 11.7 mm 
Pi (No. 81) 8.5 mm 

In both these cases the crown of the canine is higher by 3.0 and 3-2 mm, respectively, than that of the 
premolar. A comparison with recent man is difficult because of the lack of measurements of one and the same 
individual. Lenhossek (1922) recorded the following: 

Q 12.0 mm 

Wf. - f ^ ^ I I ^ ^ ' Pi ^#/f? 8.5 mm g ^ p p S p ^ K ^ 
the difference being 3.5 mm greater than in the case of Sinanthropus. 

As to the upper dentition the canine No. 16 (fig. 38) and the premolar No. 19 (fig. 64) apparently belong to 
the same individual (F IV) The height of the crowns is as follows: 

F IV: C (No. 16) 14.2 mm 
P 1 (No. 19) 9.7 

Difference: . 4.5 

This case is illustrated in figure 260. Reference to this case will be made1 below. In Lenhossek*s case 
the corresponding measurements are: C? 11.0 mm, P 1 8 mm, the difference being 3.0 mm. Such a result implies 
that the crown of the upper canine is considerably higher than that of the first premolar in Sinanthropus as well as 
in recent man but the difference being distinctly greater in the former than in the latter. 

As to worn canines and first premolars belonging to the same individual, there are two specimens of the lower 
Jaw and two of the upper one at our disposal. Figures 54 and 285 illustrate the conditions in question in mandible 
G I and figure 287 those of mandible K I. In spite of the strong attrition the lower canine is higher than the first 
premolar. In addition the worn surface of the former strongly declines from the mesial to the distal border, a feature 
which must be taken to be characteristic for Sinanthropus because of its occurrence in all the specimens available 
(figs. 53, 55, 56, 60). This appearance indicates that the upper canine projects beyond the level of the chewing 
surface and interlocks, between the lower canine and the first premolar. Such a feature is also quite common in 
recent man (fig. 67). If the attrition is still further advanced, then it is possible that both teeth in question have 
about the same level as demonstrated in figure 66. However in this respect there is no fundamental difference 
between hominids and anthropoids, a fact which is evident when comparing figure 66 with figure 306. 

Of the upper canine there are two cases of which it is absolutely certain that the canine and the first upper 
premolar belong to the same individual (figs. 259 and 262) The teeth in question of one of these cases pertain to the 
male Skull I Locus L (fig. 259), the second set of teeth to the female Skull II Locus L (fig. 262). In both cases 
the two teeth are equally strongly worn but nevertheless the crown of the canine is much higher than that of the 
first premolar. That which seems to be of special interest, however, is the fact that the male canine considerably 

P 1 (No. 19) 9.7 mm 
ference: 4.5 mm 

exceeds the female one in this respect. One may object to considering this preponderance of the canine crowns 
in height as a certainty proving that they had actually projected beyond the level of the chewing surface, since it 
may also be possible that there existed a strong alveolar prognathism with the canines embedded lower within their 
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sockets than the first premolars which do not share in this prognathism. Such a possibility should be admitted even 

though it is rather irrelevant, for it does not in the least lessen the real preponderance of the canine crown in height. 

There is an indication, however, that a strong alveolar prognathism, at least one which may have included the canines 

cannot have existed in the two cases of worn canines and premolars in question (figs. 259 and 262). The distance 

of the corresponding contact facets of the canine and premolar from the basal line of the crown formed by the 

uppermost border of the enamel on the buccal surface is so limited that the tip of the unworn canine must have 

projected beyond that of the unworn premolar to the same extent as figure 260 shows. 

In his controversy with Remane Adloff (1931a) postulated as proof of the pre-existence of a notable larger 

canine in hominids at least the evidence showing that the canines have in the course of evolution undergone a stronger 

reduction than the other teeth. Table XII I gives the average total height (crown plus root) of the Sinanthropus 

canines, lateral incisors and two premolars together with the same measurements of recent Japanese, Bushman, 

Australian and European (according to Campbell, 1925, and Drennan, 1929), and the differences in height of the 

incisors and the two premolars in percentage. 
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T A B L E XIII 

Upper teeth m 

Sinanthropus 

Japanese 
Bushman 
Australian 
European 

Recent man 

C 

36.4 

26.4 
24.2 
27.5 
26.5 

26.1 

total height 
(average) 

l2 

28.8 

21.7 • 
20.4 
24.5 
22.0 

21.1 

P1 

28.9 

21.0 . 
21.1 
22.6 
20.6 

21.3 

•P2 

23.2 

20.7 
21.1 
22.3 
21.5 

21.4 

$v$$f 
l l 

79.3 

82.2 
84.3 
89.3 
83.1 

84.7 

difference 

P l 

79.4 

79.6 
87.2 
82.3 
77.7 

81.7 

i 

P 2 

63.8 

78.5 
87.2 
81.3 
81.2 

82.1 

* *F • j * ' . " 

Sinanthropus 

Japanese 
Bushman 
Australian 
European 

Recent man 

c, 

35.5 

24.5 
23.6 
28.0 
25.6 

25.4 

Is 

28.6 

21.3 
20.6 
24.5 
21.1 

21.9 

Lower 

P, ' 

25.1 

21.5 
20.2 
22.6 
21.6 

21.5 

teeth 

P, 

25.7 

20.8 
20.7 
22.5 
22.3 

21.6 

U 

80.6 

87.2 
87.4 
87.6 
82.4 

66.1 

Pi 

72.3 

88.0 
85.7 
80.7 
84.6 

84.8 

Ps 

72.3 

85.1 
87.8 
80.5 
87.3 

85.2 

•?te 
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With regard to the upper dentition the height of l2 • amounts'to only 79.3% of the height of the Sinanthopus 
canine against 84.7% in recent man and the height of P1 79.4% against 81.7% and that of P2 to 63i8% against 
82 .1%. As to the lower dentition the height of I2 amounts to 80.6% of the height of the Sinanthopus canine. 

and against 86.1% in recent man and the respective figures for Pi are 72.3% and 84.8% and for Pr 72.3% 
85.2%. 

These figures demonstrate that the differences in height between the canines and the lateral incisors as well 
as the two premolars are distinctly smaller in recent man than in Sinanthopus, or, in other words, the reduction which 
has taken place in all teeth apparently affected the canines to a greater extent than the other, that is to say, the 
canines of Sinanthopus are not only absolutely but also relatively higher than those of recent man. 

This fact is further confirmed by the results obtained for the height and the robustness of the crown. The 
following two tables show corresponding figures in the manner as Table XIII. . - , , 

j TABLE XIV 

The crown height oL canines, lateral incisors and first and second premolars of Sinanthopus and 
recent man and their differences in percentage 

Upper teeth 

SKI 

.N.i 

.••«;£ 

iW$* 

"•X'lv.f̂  

iu]--

. Crown height 
(average) 

• t 

Sinanthopus 

Japanese 
Bushman 
Australian 
European 

Recent m a n 

I2 

11.6 

10.0 
7.9 
8.9 
9.0 

8.95 

C1 

13.9 

11.0 
7.9 
7.6 
9.2 

8.9 

P1 

9.7 

8.8 . 
6.6 
6.3 
8.2 

7.5 

P2 

8.4 

7.8 
6.3 
5.6 
7.5 

6.8 

Differences 

l2 

83.6 

90.8 
100.0 
117.0 
97.8 

100.5 

P1 

69.7 

80.0 
83.6 
82.9 
89.2 

84.3 

P2 

**60.4 

70.8 
78.5 
73.8 

. 81.6 

76.4 

\p 

Lower teeth 

Crown height 
(average; 

\ 

Sinanthopus 

Japanese 
Bushman 
Australian 
European 

Recent man 

Is 

9.9 

9.7 
7.1 
9.8 
9.7 

9.1 

c» 

11.7 

10.9 
8.3 

' 9.9 
.10.3 

9.85 

Pi 

8.8 

9.3 
6.2 
6.3 
7.6 

7.35 

Pa 

7.5 

8.0 
5.9 
6.0 
7.9 

6.95 

Differences * fw'ji 

u 
84.6 

89.0 
85.6 
99.8 
94.2 

92.3 • 

P i 

75.2 

85.3 . 
74.8 
63.6 
•73.8 

•:.74.6 * 

P, 

64.2 

73.5 
71.2 

. 60.7 
76.8 

70.6 • 

I'/ik 
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TABLE XV 
' k i t nj '}-• 

Robustness of crown (length x breadth) of canines, lateral incisors and first and second premolars of 
. Sinanlhropus and recent man, and their differences in percentage 

Upper M h . 

r*'L 
•*i8J 

»•> X* 

»\ " . -\ 
t »V 

• i-i. 

»*.\. %•£' 

*-•*! r * * 

V ».. • ' r i •' i 

Robustness of the ^ j ' ^ : 
crown (average) 

• ' ::i 

Sinanlhropus 

Japanese 
Bushman 
Australian 
European 

Recent man 

l2 

77 

45 
40 
53 
38 

44 

C l 

98 

68 
58 
76 • * 
62 

66 

P i 

102 , 

69 
60 
80 
65 

68.5 

P2 

88 

65 
55 
73 
60 

63.25 

Differences ' 

I2 

68.7 * 

66.2 
69.0 
69.8 ' 
61.4 

66.6 

P l 

104.0 

101.2 
103.3 
105.2 
104.8 

103.7 

P* 

89.8 

95.5 
94.8 
96.0 
96.7 1 

95.7 

••K-

;.>.V-V '*4 &i. ?• .y ''3 ' Lower teeth 

££&&*'.'I 

«£ 

• 

; V * V Robustness of the | Jyi 
crown (average) 

Sinanlhropus 

Japanese 
Bushman 
Australian 
European 

Recent man 

s\ iw 
.:'Ji-48 

37 j 
31 
44 
38 

37.5 

c* 

79 

54 
48 
63 
55 

55.1 

[CP, '% 

87 

63 
52 

* 69 
55 

59.8 

I ? P« ̂  
90 

60 
55 
68 
57 

60.0 

Differences 

> ^ S • 
60.8 

68.6 
64.6 
69.8 * 
69.2 

68.2 

P> J ' \ 
112.5 

116.7 
108.5 
i09.3 •< 
100.0 

1C8.3 

P, :'• 

114.0 

111.1 
114.6 
107.8 
103.4 

109.0 

•Vfr 

> r1 ' 5 -

. ' • < • * * . j * . * , 

i \ '*"» 
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As to the upper dentition of Sinanlhropus the height of the croivn of I2 amounts to only 83.6% of that of 
the canine against 100.5% in recent man, that of P 1 to 69.7% in Sinanlhropus against 84.3% in recent man and 
that of P 2 to 60.4% against 76.4%. For the lower canine the corresponding figures are: for Ia 84.6% against 92.3%; 
for Px 75.2% against 74.6%; for P3 64.2% against 70.6%. These results show that the crown of the upper canine 

' of Sinanlhropus is much higher than those of la, Pi and Pa and that this preponderance decreased during the 
process of the general reduction experienced by the human teeth in the course of evolution, so that in recent man 

V>*1 
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relative height of this canine is much less than in Sinanthropus. As to the lower canine of Sinanthropus this pre
ponderance is also evident but not as pronounced as in recent man. Hence, the upper canine is more involved in the 
reduction than the lower one; of the lower dentition the first premolar of recent man shows the same degree as 
the lower canine of Sinanthropus. 

The results given for the robustness of the crown derived by multiplying its length and breadth (Table XV) ' 
reveal different conditions. The upper canine apparently is less reduced in this respect than I2, equally as' much 
as P and more than P 2 , while in the lower dentition the premolars have undergone a greater reduction than the canine. 

Thus, the dentition of Sinanthropus verifies AdlofTs postulation as far as the upper canine is concerned. This 
canine when compared with the adjacent teeth is relatively higher in its total height as well as in its crown. The 
lower canine is less involved with respect to the height, while in robustness there is a greater reduction in h. 
but on the other hand Pi and P 3 are more reduced than Q . At any rate the canines as a whole have undergone 
a relatively greater reduction than the other teeth. The preponderance in height of the canines over the adjacent teeth 
as evident in almost every case of recent man must also be considered as a clear indication of a primarily larger and 
higher canine. 

Remane (1931) attempted to infer the primary occurrence of a larger upper canine in hominids from certain 

features of the first lower pemolar which he interpreted as presenting a special adaptation to such a canine. There are 

five points: 1) the preponderance in size of Pi, especially in height, over Pa; 2) the buccal surface of Pi being 

larger than that of P a when viewed from the occlusal surface; 3) the buccal surface of Pi projecting further in 

mesiobuccal direction than that of P2; 4) the mesial root of Pi having shifted to the buccal side; 5) the mesial ridge 

descending from the buccal cusp being longer than the distal one. 

The selection of these features shows that Remane considered a sectorial pattern of Pi, characteristic for 

Catarrhinae, as the original type of hominids. In the preceding pages I was able to demonstrate that some of those 

five points indeed are very distinctly realized in Sinanthropus and much more pronounced than in recent man. This 

is especially true for points 2, 3 and 4. It does not prove, however, to be correct for points I and 5. For, as 

diagram 1 reveals, the crown of Px is somewhat smaller than that of Pa in relation to its robustness, while it is 

clearly higher than that of the latter (Diagr. 10). As to point 5 the mesial ridge is not longer than the distal ridge 

in the case of Pi but rather shorter (fig. 79, 0). » 

The cause for this divergence from Remane's supposed scheme is the fact that in Sinanthropus the two lower 

premolars show a degree of molarization whicb has completely disappeared in recent man. This molanzation 

' represented by a well developed talonid (distal heel) is somewhat more manifest in Pa than in Pi . Therefore, the 

crown of Pa is larger but lower than that of Pi and as a consequence of the stronger development of the distal 

heel the buccal and lingual cusps of Pi and P% are located closer to the mesial border which is tantamount to a 

shortening of the mesial ridge. In anthropoids like in all Catarrhinne Pi in contrast to Pa does not reveal this 

molariform character. Thus the question arises whether Sinanthropus represents a more primitive or a more specialized 

form when compared with the anthropoids. The first lower premolar of all great apes, living and extinct, is a 

distinctly sectorial tooth, that is to say, the buccal cusp is elevated and pointed whereas no lingual cusp can be 

recognized, at least in most of the characteristic cases. Nevertheless, a lingual cusp exists but is concealed by a 

prominence caused by the lingual ridge there where in descending from the tip of the buccal cusp it meets the 

long lingual edge (compare figs. 240 and 241, b). In some cases, especially in chimpanzee, this prominence may 

become more distinct and occasionally also be more separated from that edge, so that it may take on the appearance 

of a lower isolated lingual cone. Such a case is illustrated in figure 81. This illustration at the same time 

. v* v*V. V^j-v 
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demonstrates that the tooth may even lose completely its sectorial character and then closely resemble a Sinanlhrob 

premolar (compare figs. 79 and 81). I believe that these conditions actually prove the primary existence of ^ 

distinct lingual cusp. This cusp disappeared during the specialization of the first premolar, leading to the sectorial 

type which occurred in all Catarrhinas, except in hominids, and to a certain extent also in chimpanzee. Thus the 

hominids herein retained their primitive character in contrast to the anthropoids. In this respect 1 agree with Adl ff 

(1908, 1931a) and disagree with Remane (1931). • • -

Remane considers the extensiveness of the buccal surface, its basal protrusion in mesial direction and the 

strongly buccal orientation of the mesial root (points 2 to 4) as a clear indication of the first premolar having been a 

sectorial type originally. Such a conclusion, however, is not at all convincing. In agreement with Remane I am 

also inclined to take the two first features for an adaptation to a large upper canine but not necessarily as the 

remainder of a real sectorial type of the premolar. For Remane himself distinguishes three types of first premolars 

differing from each other by their degree of specialization. His "Mycetes-type** is far less specialized than his 

"Catarrhinas-type**. In reality Sinanihropus approaches much more the Mycetes-type than the Cebus-type or the 

Catarrhinae type. T h e oblique orientation of the most prominent basal part of the buccal surface and apparently 

connected therewith the same orientation of the mesial root in relation to the distal one, in my opinion, indicate that 

the first premolar was primarily embedded in an oblique direction within the mandible, so that the longitudinal axis 

of the tooth formed an acute angle opening mesiobuccalward with the longitudinal axis of the mandible. This 

arrangement of the two premolars in contrast to that of the molars is very characteristic for the primates prosimians 

(fig. 300), Platyrrhinae, Catarrhinae (fig. 301 , a). In Sinanihropus it may still be found in both premolars as revealed 

by the direction of the relevant alveoli of the mandible H I (fig. 301 , o), but occasionally it is less pronounced in the 

second premolar. In recent man there is a clear tendency towards a plainly transversal direction (fig. 301, c), 

although the oblique arrangement may occur not too infrequently. 

* This oblique orientation apparently is due to the degree of curvature of the dental arch. In cases in which 

the'anterior alveolar arch (compare Weidenreich, 1936 b : " T h e mandible arches'* pp. 98-112) is prominent, narrow 

and rounded as is true in all primates, this orientation and its contrast to that of the molars is very striking, while in 

man with the frontal part of the arch receding and flattened and the premolars, especially the first one, located 

just at the point where the arch bends, their orientation is more or less in line with the transversal direction of 

the molars. On the lett side of the Heidelberg mandible (fig. 301 , d) in which the crowns of the premolars 

are broken off the root stumps demonstrate very clearly such a difference in orientation with the first premolar 

retaining its primary direction and the second already adapted to the new one. In an earlier publication (1934) 

I was able to show that the oblique orientation of the premolars is all the more pronounced the longer the snout, 

a condition cleaily demonstrated by baboons. It is obvious that the oblique direction is for the purpose of saving room. 

In all cases with large lower canines and first premolars of the sectorial type these teeth occupy a much larger space 

within the mandible than the deciduous teeth which they have to replace. As the first permanent molar erupts 

before this replacement takes place, it prevents the mandible from growing in backward direction and, in order 

to obtain the necessary room for the permanent teeth anterior to the first molar, the jaw must grow forward and 

thereby causes the snout to stretch. In recent man exactly the reverse conditions exist. The lower deciduous canine and 

the two deciduous molars occupy a larger space than the permanent canine and premolars. The anterior part of the 

dental arch of the infantile mandible therefore does not only have sufficient room for the permanent teeth replacing the 

deciduous ones but is even somewhat larger. In consequence of this fact the frontal part of the mandible docs not 

have to grow forward during the second dentition but instead recede backward, thus forming in place of the high 

curve characteristic for the first dentition an almost straight line. 

.V> 
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Sinanthropus follows recent man in this respect. The direct distance (chord) between the mesial border, 
of the deciduous canine and the distal border of the second deciduous molar measures: 

vJi 
juvenile mandible B 1 ( 9 ) 25.0 mm 

M B III (d*) 32.3 mm 
" B 1 V ( 9 ) 30.3 mm 

The same measurement for the corresponding permanent teeth are: 

adult mandible G I ((f) 26.0 mm 
" H I ( ? ) 22.4 mm 
" K l (<f) 25.3 mm 

" M I (d* » 22.3 mm 

B i 

<*-;-F 

*a«*'; 

The average of that distance for the deciduous teeth therefore is 29.2 mm and for the permanent teeth 24.0 
mm, that is, 5.2 mm less. Bplk (1926) who was the first to call attention to the fact that a difference existed between 
recent man and anthropoids in respect to the height and width of the anterior alveolar arch of juvenile and adult 
individuals, arrived at the following figures for the chord from the midline to the distal border of mz and P% respectively: 

juvenile adult 

chimpanzee 31.3 mm 40.9 mm 
recent man 29.5 mm 28.6 mm 

Mijsberg (1931) computed the respective values for the same chords in Symphalangy syndaclylus which are: 

juvenile adult 

?&* 

i4$& 

&i • 

Symphalangia 21.7 mm 27.7 mm 

Although these figures are not directly comparable with those arrived at for Sinanthropus because they cover a 

longei distance (reaching the incisors instead of only the mesial border of the canines), yet they demonstrate the 

existing differences with sufficient distinctiveness. 

As in all these cases of apes the deciduous molars are embedded within the mandible with their longitudinal 
axis parallel to that of the jaw the premolars being in oblique direction, the differences between the two stages of 
dentition would be still more pronounced if they had the same longitudinal direction as the deciduous molars. 

Taking all these facts into consideration I am inclined to conclude that there are various factors contributing 
to the special appearance of the lower premolars discussed above. The oblique embedding within the mandible 
apparently is a primitive primate character brought about by the far projecting frontal part of the mandible. This 
manner of embedding obviously is responsible for the oblique position of the root and, in connection with this, for a 
stronger prominence of the base of the buccal surface in mesial direction. Thus, a suitable basis has been provided for 
the function of possibly a large and high upper canine. Sinanthropus therefore represents a primitive stage of 
evolution. 

Although I believe that the appearance of the lower first premolar suggests the probability that a still larger 
upper canine must have existed in the forerunner of Sinanthropus, yet there is no distinct evidence proving that the 
lower canine also must have been essentially larger in the preceding stage of evolution. As noted above, the lower 
canine of Sinanthwpus looks much more like an incisor than like the upper canine. It is quite probable that this 
peculiarity also represents a primitive character. 

The fact that the upper first premolar of recent man also shows the tendency to develop the base of its buccal 
surface in mesial direction, a condition still more" evident in Sinanthropus (figs. 64 and 65, o), has been interpreted by 
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Remane' (1931). as the effect of "entwicklungsphysiologishe. Beeinflussung" by the lower premolar. Such ' 

pretation sounds rather obscure. It seems to me that the real explanation is much more simple. First f 11 th 

development of that basal buccal prominence is a characteristic for all anthropoids and Cercopithecinae Th 

especially in male gorilla with strongly developed upper canines, the.base of.the mesial branch of the buccal root of 

the first premolar projects distinctly much more buccalward than its distal branch. The root in its direction follows th 

corresponding part of the crown. This arrangement of the root is illustrated in figure 325, o. Sinanthropus (fig 325 \ 

shows mutatis mutandis exactly the same position of the roots. In my earlier paper referred to above (1934) I w hi 

to show that the special position of this mesiobuccal branch of the root apparently is a consequence of its close con

nection with the alveolus of the upper canine. There is only- a very thin septum separating the openings of the cor

responding sockets. The big root of the canine, however, forces the buccal wall of the socket to strongly bulge over 

the lateral surface of the maxilla and includes the mesiobuccal branch of the premolar root which adjoins closely. I 

gave a photograph illustrating these conditions in my publication quoted above as figure 63 (p. 82) pertaining to the 

alveolar of a male orang. Hence, I arrived at the conclusion that the basal prominence of the first upper premolar 

is really caused by a large upper canine and its persistence in Sinanthropus (and recent man) therefore must be considered 

to be an indication of there formerly having existed a still larger one. 

It seems to me that another peculiarity very distinct in Sinanthropus points in the same direction. As Diagram 

' 2 shows P 1 is considerably more robust than P 2 and even bigger than C 1 and the same holds good for some races 

of recent man (Diagr. 3). In chimpanzee (Diagr. 40) P 1 and P 2 are of about the same robustness and P 1 is of course 

much weaker than C1 . , In female gorilla (Diagr. 42) P 1 is larger than P 2 , whereas in female orang (Diagr. 44) the 

difference is not so great. Such an extraordinary development of P 1 as in Sinanthropus and its exceeding even 

C1 can only be understood by supposing the pre-existence of a bigger canine and a stronger reduction of the latter as 

actually proven by the figures given above. 

, .i.^, .j The appearance of the canines and premolars of Sinanthropus shed new light on the canine problem 01 

hominids which are discussed so frequently. T h e upper canine must have been considerably larger and higher and, 

already in the Sinanthropus stage of evolution, it must have undergone a remarkable reduction. The upper canine 

undoubtedly projected beyond the level of the chewing surface overlapping the buccal sides of the lower canine and 

the first lower premolar but it did not interlock between these teeth. Furthermore, there exists an important difference 

between the upper and the lower canines. While the upper one reveals a typical canine pattern, the lower canine 

approaches more the incisor type. T h e first lower premolar has never been of a pronounced sectorial type but it was 

always more molariform with a buccal and lingual main cusp and a distinct talonid. All these features have to be 

considered as primitive primate characters which were also fundamental for living. anthropoids. Yet in contrast to 

the hominids the latter have been specialized, the gorilla and orang more and the chimpanzee less and the males 01 all 

three families again more than the females. But besides their specific "canine" form and the sectorial shape or 

the first lower premolar the canines as well as the first and second premolars of the anthropoids show in all other details 

the same characteristics as Sinanthropus. This fact proves that in spite of that differentiation Sinanthropus (hominids) 

and the anthropoids have to be considered as members of one and the same primate group. 

| | 3 f | S ' ^ ^ 0 i $$$$-1 4- MOLARS J k • •••^ | | : 
Like the canines and premolars the molars of Sinanthropus exhibit a special characted. They have in common a 

very well formed cingulum and the presence of accessory ridges, the development of which has reached the highest 

degree here. As is true of all primates there is a great difference between the upper and lower molars. While 

in the upper molars the general similarities to the anthropoid molar overshadow the minor differences between them, 

especially in cases of worn teeth, the lower molar appear to be much more distinct and, spccifis. 
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In the following description of molars the first and second will be treated jointly, while the third one will be 
dealt with separately because of the closer affinity of the first two mentioned. Another reason is that our material is 
composed of many isolated first and second molars of which the assignment to their respective positions within the 
denture is rather difficult. 

Questions relating to all molars, the significance of "wrinkles" and the so-called taurodontism will be 
discussed below. 

j * 
a. UPPER MOLARS 

•..m 

•**?"-5 

The first and second molars (figs. 109, 110, 111, 113, 114, 119, 120, 122, 127, 275-278, 330, 345) 

Our material of first and second molars is composed of fifteen teeth consisting of eight isolated specimens 
and seven embedded within their respective sockets of the upper jaw fragments, thus making possible an accurate 
determination as well as a reconstruction of the missing part of the maxilla, including the teeth (figs. 127, 277, 345). 
In addition, it was possible to define the isolated teeth as either representing the first or the second molar. 

It is quite probable that the germs without roots represent second molars, for all fragments of skulls 

or mandibles hitherto found in Locality I belong to individuals with the first molar already erupted or just erupting. 

Therefore, the recovery of germs of a first molar would indicate the presence of very young individuals, a condition 

which has not been confirmed by other remains. Possibly, germ No. 140' may represent a first molar because it 

was found together with the but slightly worn second milk molar (No. 1390. The uncertainty connected with the 

diagnosis is of some importance only when determining the difference in the size between first and second molar but 

rather irrelevant as far as the general shape and the special pattern of the chewing surface are concerned, since we 

know that neither in anthropoids nor in recent man essential differences exist between the two molar types in this 

respect. 

Three of the 15 teeth available are germs and entirely intact, whereas the other are more or less worn. Two 

of the latter are so badly damaged as to render them unfit for description. As to the sex three molars belong to 

male individuals (large type) and twelve to female (small type). . 

The crowns of the first and second molars are considerably broader than long. They display, when viewed 

from the chewing surface, a usually rectangular form with the buccal corners somewhat more angular and the lingual 

ones more rounded off (figs. 109, o; 113, o) but occasionally also the reverse conditions may occur (fig. 330, o). 

In some cases the rectangle is replaced by a more rhomboid figure with the paracone (fig. 109) projecting strongly 

in mesial and buccal directions. The four cusps are well developed (figs. 113, 6, /; 114, o, /; 330), both mesial 

cusps (paracone and protocone) being slightly higher than the distal ones (metacone and hypocone). The rhomboid 

shape partly also depends upon the direction in which the cusps leave their base. While the metacone and the 

hypocone rise in more or less erect position, the metacone and more in particular the paracone bend inward (fig. 3J0> 

m, o). The buccal surface reveals in most of the cases (figs. 113, 114, 119) a very characteristic relief, the outside 

of the paracone and occasionally also that of the metacone (fig. 119, o) bearing a moon-shaped ridge demarkating 

the central part of the cusp from the surface proper. This formation apparently must be taken to be as a clear 

indication of a cingulum beyond which the cusps rise more or less like isolated peaks. , 

Tlie mesial surface (figs. 113; 114, m; 330) shows a very characteristic feature, the rim leading from the 

paracone to the protocone being distinctly crenated. This crenation continues into the lingual surface of the 

protocone in such a way that the latter appears to be covered with a very faint striation. 

The most conspicuous feature is the pattern of the chewing surface. In cases where the molars are worn 
it is not possible to recognize more than the presence of four cusps, their aproximatc size and some furrows separating 

V «5tf 
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them from each other. Molars which are intact, however, reveal an entirely different aspect. In the cases given in 
figures 113, 114, 330, the chewing surface proper represents a real angular area the greater axis of which is orientated 
in the longitudinal direction. This area is bordered by the tips of the cusps and the edges which connect them. 
Only in the region of the hyppcone this arrangement is somewhat disturbed (fig. 113, o). Thus a buccal and a lingual 

edge may be distinguished each of which embraces the two corresponding buccal and lingual cusps respectively, and. 
furthermore, a mesial and a distal edge uniting the buccal with the lingual ones on the corresponding sides. All these h:M\ 
edges correspond to the "main ridges** ("Hauptleisten**) of Remane (1927). The paracone is separated from the 
metacone by a deep transversal furrow which transgresses the buccal edge and descends to the buccal surface. A 

~*ri * 

second, shorter and obliquely directed furrow separates the hypocone from the metacone, the protocone continuing into 
the lingual surface. Real longitudinal furrows are lacking. Instead of the latter there is a V-shaped groove in the 
mesial moiety demarkating a triangular field the base of which is formed by the mesial edge crowning the mesial wall, 
with its apex coming near to the center of the transversal furrow where the paracone and the protocone meet. The 
distal moiety of the surface fails to exhibit a longitudinal furrow and is replaced here by a relatively broad depres
sion beginning at the center just mentioned and extending to the oblique furrow separating the hypocone. • , 

Apart from this general appearance, however, the pattern of the chewing surface is complicated by the 
special configuration of the slopes descending from the bordering main ridges and tips of the cusps, respectively. 
In the mesial moiety the slope of the paracone limited by the buccal half of the above mentioned V-shaped furrow 
on its mesial side and the buccal half of the transversal furrow on its distal side consists of three indistinct wrinkles. . 
The slope of the protocone shows a larger middle wrinkle and a smaller one on either side. The triangular field 
intercalated between the two slopes represents also a kind of slope descending from the mesial main ridge and also 
shows several irregular wrinkles. The slope of the metacone appears to be still more complicated. It is composed 
of irregular wrinkles and seems to continue beyond the longitudinal midline within a distal portion of the slope of 
the * protocone. This portion gives the impression of being a small accessory cusp separated entirely from the 
protocone but connected with the metacone. The lingual view of the crown (fig. 113, i) shows that there indeed 
are two indents separating a special rounded portion.of the edge from the protocone as well as from the hypocone. 
The surface of the distal section of the protocone like all the other slopes is covered by irregular wrinkles. With 
respect to the hypocone differentiation should be made between the hypocone occupying the distolingual corner 
of the crown and the adjacent small ridge which forms the distal edge of the surface and joins the metacone. Of 
wrinkles there is only a small one where the hypocone continues into the distal edge. 

As to the size of the cusps the exact estimation is hard on account of the difficulty to determine their actual 

boundaries. The protocone seems to be the largest cusp followed by the metacone, then the paracone and finally 

the hypocone. 

The upper molar illustrated in figure 114, /, exhibits a somewhat different pattern of the chewing surface (o). 
The whole crown is more rounded and the scheme of the pattern itself is not so definite as in the preceding case. 
Nevertheless, the pattern type is the same in principle as is revealed by a detailed comparison. The cusps are of the 
same height as in that case. The division between the two mesial and distal cusps by the transverse and oblique 
furrows is clearly indicated on the buccal and lingual surfaces (fig. 114, 6, /). The transversal furrow, however, is 
rather indistinct on the "chewing surface, while the oblique furrow separating the hypocone from the protocone and 
metacone, respectively, is rather well pronounced. With respect to other details the arrangement of the three areas 
of the mesial moiety, namely the triangular field bordered by the V-shaped fissure and the slopes of the paracone 
and protocone with'their relevant wrinkles-is about the same as in figure 114; o. The above described distal portion 

of the protocone, however, which is in connection with the metacone seems in this case to be reduced to a mere 
"flt^l ••tir'-'/*"•"• ' ' $ • ' • 
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wrinkle of the protocone severed from it by the interlocking lingual end of the metacone slope. The hypocone is 
small and its slope consists of two to three wrinkles; the distal main ridge however is broad and well developed 
and also shows some faint indications of folds. 

In the case of the molar illustrated in figure 330 the pattern of the chewing surface in principle is about the 
same as in the two cases just described as far as size, abundance and arrangement of the wrinkless are concerned. 
Nevertheless, some differences may be observed. The most interesting of them is the way in which protocone 
and metacone are connected with each other. A small distal section of the former widening downward is partly 
separated by a fine cleft which appears as the direct lingual continuation of the transversal furrow between paracone 
and metacone. This protocone section meets with a rather similar formation of the metacone, a fine but very 
superficial cleft separating both ridges. The V-shaped furrow of the mesial moiety is not as distinct as in the 
two first described molars but on the other hand the wrinkles of the mesial and distal bordering edges of the surface are 
pronounced. Those of the former edge continue beyond the rim into the crenation of the mesial surface mentioned above. 

Such original patterns bring about a better understanding of the arrangement of the furrows and limits of 
the cusps when worn teeth such as those of figures 109, o; 119, o; 120, o; 127, M2; 276 and 277 are taken into 
consideration. Fn the first five cases the transversal fissure and its continuation to the buccal surface is preserved 
and also the buccal half of the V-shaped fissure, whereas the lingual side is less distinct. The oblique fissure is 
well preserved in two instances. In figures 119 and 276 the direct connection of the metacone with the distal portion 
of the paracone is clear; but in figure 120 there is a fine cleft separating the cusps. Figures 110, o, gives the 
impression as if a regular cross pattern had existed with the hypocone of the same size as. the other cusps. The 
pattern of figure 276 is almost identical with that of figure 330. Since the real nature of the pattern may only be 
understood after a comparison with the molars of anthropoids, this question will be dealt with below. 

1 The root of the two first upper molars consists of three separated branches (figs. 109, 110, 111) which, 

however, show a tendency toward fusion (figs. 119, 120, 122). Whether this tendency is restricted to the second 

molar or whether it is also true of the first one is impossible to decide on account of lack of suitable and accurately 

determined material. In the case of the upper.jaw of Skull I Locus L (figs. 127 and 277) the root of M1 consists of 

three separated branches, while that of M2 is partly fused (figs. 120, 122). In all cases regardless whether the 

root is divided or fused there is an undivided stem of a certain height, a phenomenon which will be discussed 

in connection with the same feature of the lower molars. In divided roots there are two buccal and one lingual 

branch (figs. 109, 110, 111). The former are close together and developed more in transversal direction, while 

the latter diverges at a rather wide angle from the buccal branches and is orientated in longitudinal direction (fig. 110). 
• 

Of the two buccal branches the mesial one is broader and projects together with the corresponding cusp of the 

crown (paracone) far toward the buccal surface. Whenever the branches are fused there is only a slight divergence 

of the lingual branch, the latter being especially fused with the mesial portion of the buccal branches (figs. 120, m; 

122) whereas the distal portion retains a greater degree of independence. As to the height and shape of the branches* 

the one diverging is always the longest; it is oval in cross section and may show a shallow longitudinal depression on 

its lingual surface. The two buccal branches are oblong in cross section and compressed in mesiodistal direction. 

In the case illustrated in figure 120 the apices of the distobuccal and the lingual branches are sharply bent distalward. 

The crown rest upon the root in such a way that its mesial and distal surfaces project more than the buccal and 

lingual ones. A real constriction does not exist, but just above the neck there is a small basal, ring-like elevation 

around the whole crown which is more pronounced on the buccal and lingual surfaces than on the mesial and distal 

ones (figs. 109, 120). . ^ H ^ *r*M<-^* - M *•>*<• 
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^ TABLE XVI 

Measurements of upper molars of Sinanlhropus 

a Fint molars determined /n siYu and those recognized with a reasonable degree of certainty 

r O - *•« 
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crown 

root 

height 
length 
breadth 

height 

length 
breadth 

No. 31 

J 13.1 

,:{.\^%H->-

No. 32 
9 

8.3 
11.3 
11.7 

'f -V."' 

8.2 
11.3 

No. 33 

(6.8) 
12.1 
13.4 

15.4 

8.9 
13.2 

No. 94 
. 9 i 

(5.9) 
10.0 
11.7 

b15.4 

8.4 
11.3 

3/77 
No. 95 

I 
(6.0) 
10.2 
12.3 

1 13.7 

8.1 
11.6 

No. 140 
9 

7.5 ' 
11.1 
13.7 

— ' 

No. 144' 
9 

(5.3) 
10.6 * 
12.4 ; 

. fm12.7 
b Id 13.0 
1 14.2 

8.0 
12.1 

b. Second molars determined i" J*'j ' rfgd ^miF™* 7Jo * " " T a g d e 8 r e ° ° f
y

c f g ? n l y 

• 

crown 

root 

X\ ^i^^yt:* 

height 
length 
breadth 

height 

length 
breadth 

No. 39 
9. 

(5.7) 
10.5 
12.3 

115.2 

7.8 
12.6 

No. 40 
9 

(5.6) 
12.2 
12.2 

. ^~ 

No. 41 
9 

8.2 
11.1 
13.2 

1 

No. 42 
9 

(7.2) 
11.4 
12.4 

b 17.7 

7.9 
11.7 

3 / 3 
No. 104 

9 

(5.8) 
10.3 
12.8 . 

1 15.1 

8.4 
12.4 

*77 
No. 105 

(6.2) 
10.2 
12.8 • 

13.5 

8.9 
12.8 

No. 145' 
9 

(6.4) 
10.6 -
13.4 ^ 

b13.0 
114.2 

7.3 
11.3 
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^ • > Instead of foHowing the procedure of description adopted above, a comparison of the upper molar of 

Sinanlhropu* and those of anthropoids will be made first because of their close - - U a n c e s . ^ " ^ ' £ 
298 and 331 represent the first and second molars of gorilla. A , figure 117 shows the rhomboid charac er £ * • . 

paracone proving toward the buccal side and the protocone bending bucca.wards ,s ^ ^ Z ^ t S . 
whereas in that illustrated in figure 298 the first molar, are ^.angular while the second mola , d.s< dy h 
Tie orang and occasionally also the chimpanzee exhibit the same feature. Tie obhque ^ J ^ ™ » 
molars due to the protrusion of the paracone and the bending of the protocone both ,n buccal duect.• » " J * ^ 
pronounced in the first molar, more so in the second and still more in the third one. In gorilla me ^ ^ ^ 

i, formed by , cingulum which surround, the whole tooth, except the hypocone ^ ^ ' m J y appears as a 
cingular base the paraconc, metacone and protocone rise a, isolated cusps, whereas inc ,r> ^ ^ 
pointed elevation of the cingulum it,elf (figs. 117, 331). Tbe distal main "dge descending Jrom^ ^ ^ ^ 

hypocone bends lingualward and continues into the distal edge, thereby terming e m b r a c e J m e mctacone. 
or T o m e r words, this distal edge i, a part of the cingulum itself which in ,«. further course 

Pit 
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or in other words, this distal edge is a part ot inc unguium • » * w*~ 
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Similar conditions exist on the mesial border of the tooth, the edge representing "merely the corresponding part of. 
the cingulum. On the lingual surface the cingulum is very strongly developed at the base of the protocone (figs. 117, 
331), the same is also true occasionally of the buccal surface. Here it appears as an arcade which confines the base 
of the more or less isolated cone-like cusps and rises toward the mesial and distal edges and to a higher level in the 

>;*;. former than in the latter (fig. 118). . .;»..>.,' 

With respect to the general shape the molars of Sinanthropus do not differ distinctly from those of the ] 
anthropoids. The cingulum is reduced, it is true, to a general basal swelling of the crown described above, but' i 
on the buccal surface it sometimes is well preserved and represented by the half moon-shaped arcades embracing the , 
base of the paracone and metacone (compare figs. 119, b with 118). Moreover, there is no doubt that the two* 
folds which border the buccal surface of the paracone (figs. 113 and 114/ b) correspond completely to the ascending ;*;•' 
section of the cingulum (fig. 118). More than this, the distal fold which runs near-the deep furrow separating* 
the paracone from the metacone appears to be a direct remainder of a stylar cusp (mesostyle) so characteristically, 
developed in the upper molars of Notharctus (compare Gregory 1922, Plate 7, fig. 4). 

As an example for illustrating the pattern of the chewing surface a first molar of gorilla was chosen (fig. 117)' 
because of the lattcr*s great distinctness in the general arrangement of the cusps and their connections. Instead of the 
quadrangular form circumscribing that surface proper there exists here a triangular one, the trigon, the tip of the 
protocone being in direct connection with the tip of the metacone by a sharp and well developed crista obliqua. On, 
the mesial side the border of the trigon is formed by the mesial marginal edge which connects the paracone with the 
protocone by way of their main ridges. Distally from this marginal edge and separated from it by a deep groove. 
there is a second connection between the two above mentioned cusps apparently formed by ridges of accessory nature 
which descend from the cusps themselves. I consider the mesial marginal edge as equivalent to the crista transversa' 
of the trigon. For in the first molar of a gorilla child just erupting (illustrated in fig. 331) the conditions in question 
may be clearly seen. • The cingulum descending here from the tip of the hypocone surrounds the-base of the protocone 
and then ascends again to the mesial marginal edge. Just at the point where it merges with the latter* it meets with, 
the main ridge descending from the tip of the protocone and again at this point a very minute wrinkle starts in the, 
direction to the middle ridge of the paracone. On the buccal side the mesial marginal edge continues directly into 
the m*In ridge, descending mesial ward from the tip of the paracone. The3e conditions correspond perfectly to 
those existing in Adapts magnus (cf. Gregory, 1922, fig. 66, p. 136) with the exception of that minute protocone 
wrinkle. A distal ridge descending from the hypocone continues directly into the distal marginal edge, while the 
buccal section of the slope of the hypocone bearing certain wrinkles meets with a corresponding distolingual section of 
the metacone (fig. 117). However, these sections remain separated by fine clefts. Such a cleft divides also the 
crista obliqua whereas the slopes of the para- and metacones are separated by a more pronounced furrow. The 
gorilla molar pattern is characterized further by well developed high and pointed cusps the slopes of which are covered 
by distinct wrinkles, though finer and not as abundant as in the case of Sinanthropus, 

As to the orang (figs. 125, 332, 336, a) the general arrangement of the cusps is the same as in gorilla but there' 
are great differences in certain details. In this respect it does not matter that the orang molar illustrated in figure 125' 
is a second one and that of the gorilla (figs. 117, 331) a first one. The cusps of the former are much lower and' 
blunt and the entire chewing surface proper is densely covered with accessory ridges descending directly from the 
tip of the cusps and the adjoining main ridges or deviating from the larger accessory ridges themselves. This com-
plication of the pattern apparently is the- cause of the conspicuous indistinctness of the crista obliqua in the case of 
figure 125, which .is represented only by the oblique direction of the metacone slope and its meeting with a distal 
and slightly separated part of the protocone slope. A fine cleft separates the two slopes. The area.of the crista 
transversa in orang is also occupied by a mesial marginal edge and a large irregular accessory ridge the special 
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arrangement of which is due to individual variation. The hypocone is isolated by an oblique furrow and the wrinkles 
of its slope meet with those of the metacone but a directly connecting ridge does not exist. It is of great significance 
that the pattern of the molars of the fossil orang (figs. 126, 332, 336) is the same as in recent orang. The two types, 
however, differ in the distinctiveness of the cusps and the degree of the development of the wrinkles. The cusps are 
clearly higher and more pointed In the fossil type than in the recent one. Apparently in accordance therewith the . 
wrinkles are coarser and less abundant in the former than in the latter. Slightly worn molars of fossil orang may 
occasionally exhibit therefore a pattern of the chewing surface surprisingly similar to that of Sinanlhropus as is evident 
by a comparison of figure 332 and figure 330, the former being recognizable as representing and orang only by the 
doubling of the crista transversa. 

Gregory (1922) described the molar pattern of Dryopithccus and compared it with that of the Mousterian 
youth, basing his descriptions on worn teeth only. However, when taking the only intact germ of Dryopithccus 
(Dryopithccus germanicus of Melchingen, fig. 116) as an example, the result of such a comparison will be different. 
This Dryopithccus molar shows the same pattern in principle as the gorilla molar, the differences being in that the 
cusps are lower and less pointed, but on the other hand the winkles are much better developed. In addition the 
Dryopithccus molar shows a distinct direct connection between the metacone and hypocone. ,,.» 

As a whole, however, the Dryopithccus problem seems to be rather complicated because of the great varia
tion which the molars attributed to this fossil anthropoid reveal. As in most of the other cases nothing else but 
a single isolated tooth is preserved, it is impossible to ascertain whether we are in all cases actually dealing 
with the same genus or with very different ones. I am, of course, not in a position to discuss this problem here and. 
therefore, refer to the publications by Gregory (1922) and O. Abel (1931). For instance, the upper molar described 
by Glaessner (1931 and attributed to Dryopithccus darwmi Abel (fig. 335) differs not inconsiderably from the molar 
of Dryopithecus germanicus just described (fig. 116) and designated as Dryopithccus rhcnanus by that author. 
Although this tooth is worn the original pattern is very well preserved in some sections and bears indications of 
wrinkles which in the degree of their development resemble more those of chimpanzee than those of gorilla. The 
connection between hypocone and metacone is lacking and the crista obliqua is interrupted by a deep fissure. 

•if*: v . , 

I refrained from describing the pattern of the chimpanzee because of its general conformity to that of gorilla, 
orang and Dryopithecus. Major differences involve merely the development of the cusps and the wrinkles. With 
respect to the cusps they are not so pronounced as in gorilla while the wrinkles are more distinct and abundant than 
in the latter. In both these features chimpanzee approaches Dryopithecus and fossil orang very closely. 

When comparing the molar pattern of Dryopithccus germanicus (fig. 116) and gorilla (fig. 117) with that 
of Smanthropus it becomes apparent that there are differences and not so unimportant at that. Size, height and 
position of the cusps of the Smanthropus molar are about the same as in Dryopithecus and gorilla and the same is 
true of the size and abundance of the wrinkles, but in other details the Sinanthropus molar differs from that or the two 
type. Firstly, the mesial trigon crest uniting the paracone and protocone (crista transversa) is represented in Sinanthropus 
only by the mesial edge while the second connection more distally located in those apes is entirely lacking in Smanthropus. 
In its place there is a triangular field bordered by the V-shaped furrow and covered by special wrinkles as has been 
described above. Secondly, the crista obliqua so sharp and well pronounced in Dryopithecus and gorilla presents 
a different aspect in Sinanthropus by being only a low, indistinct and wrinkled bridge leading from the tip ot t e 
metacone not directly toward that of the protocone as in the former types but rather toward an accessory cusp which 
appears more or less as a separated distal portion of the protocone (figs. 113 and 114, o). Thirdly, the ridge con-
necting the hypocone with the metacone, very distinct in Dryopithccus (fig. 116) and faintly indicated in gorilla 
(fig.! 17) is completely absent in Sinanthropus.. With respect to these three points, however, Dryopithecus darioini 
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tely absent in Sinanthropus. With respect to these tnrce poinis, UW««T«, —»- I 
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(«g. 335, see above) approaches Sinanthropus much more than Dryopithecus gcrmanicus. The crista transversa, it' is 
true, consists here also only of one trend represented by the mesial edge but the special triangular field distally from 
the latter and peculiar to Sinanthropus is lacking. Furthermore, the crista obliqua is well developed and the manner 
of its course does not differ essentially from that of Dryopithecus gcrmanicus and gorilla but the deep fissure separating 
its buccal and lingual portions resembles more the conditions in Sinanthropus. The orang (figs. 125, 126, 332), fossil 
as well as recent, approaches Dryopithecus with respect to the first point, while in regard to the second and third one 
it comes closer to Sinanthropus. 

It is surprising that with regard to the protocone-metacone connection the first upper molar of Australopithecus 
(Dart) exhibits exactly the same conditions as Sinanthropus and thereby differs, together with the latter, from Dryopithecus. 
gorilla and orang. W. Able (1931) was first to call attention to the fact that in Australopithecus the crista obliqua does 
not deviate from the tip of the protocone but from a distal accessory cusp separated from that cone. Adloff (1932) 
mentions, it is true, this feature also but does not attach any importance to it. Finally, Dart (1934) described the 
connection between the protocone and metacone as a low bridge and not as a true ridge omitting,' however, any 
reference to the specific manner of its connection with the protocone. As figure 115, a sketch of the cast and 
photographs of this Australopithecus molar show, the accessory cusp distally from the protocone is identical with 
the corresponding cusp of Sinanthropus (fig. 113, o): in both cases there are typical transversal and oblique furrows 
separating the metacone together with the lingual accessory cusp from the paracone and protocone on the mesial side 
and from the hypocone and the distal marginal edge on the distal one. •.;]*$ y* $#?: 

Moreover, the metacone and the accessory cusp of A ustralopithecus like all other cusps are covered by typical 
wrinkles of a coarser type and, hence, less abundant than in the case of Sinanthropus but nevertheless very distinctly 
developed. Furthermore, the low bridge linking the accessory cusp with the metacone is interrupted by a fine longi
tudinal cleft in exactly the same manner as in Sinanthropus and in fossil and recent orang. Finally, the hypocone is 
well developed and completely separated from the metacone by the oblique furrow described above, it continues 
directly into the distal marginal wall. On the other hand the differences in the molar pattern between Australopithecus 

and Sinanthropus concern only the configuration of the crista transversa which in Australopithecus consists of two ridges 
very close together, separated merely by a short and fine groove. This feature bears a close similarity to the one of 
Dryopithecus and fossil orang (fig. 332) but is different from that of Sinanthropus. 
# r * f • * * 

With respect to the general sjiape of the Australopithecus crown it is evident that its mesial part is narrower 
than its distal one or, in other words, the paracone does not protrude in mesiobuccal direction and the outline or 
the crown therefore approaches more a quadrangular rather than a rhomboid figure. However, this peculiarity 
may also occur in first molars of anthropoids (fig. 298) and is likewise recognizable in the Sinanthropus molar 
given in figure 114. 'Unfortunately, I was unable to "ascertain" whether'a cingulum surrounds the crown of the 
Australopithecus molar or whether it is absent.' It is not mentioned in the available literature. Dart (1934) failed 
to make any reference to it in his publication but,' according to Adloff (1932), Dart confirmed trie existence of a 
genuine buccal cingulum at* the corner of the paracone by letter. Such a location would correspond to the feature 
of Sinanthropus described above. ? :>~ ;.;,'• 

Taking all the peculiarities described into consideration there cannot be the slightest doubt that Sinanthropus 

belongs to the same primate group as the anthropoids, including Dryopithecus and Australopithecus. Such essential 

features as those defining the character of the upper molars" are the same in all these types and stand in contrast to 

those of' other primates. However, within that large group of anthropoids some genera show certain differences which 

do not have to be reported on here as far as the recent anthropoids are concerned. Such differences as exist, however, 

become of importance when the question of the closer relationship between the members of the ^vhole group anses. 
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The fact that Dryopiihecus must be excluded from having direct relationship to hominids has already been proven 
by a comparison of the lower canines and first premolars. In the case of the molars the connection between hypocone 
and metacpne which must be considered as a later differentiation and one which is completely absent in Sinanthropus 
may also serve to further support such a rejection unless one admits the possibility of a secondary new reduction which 
seems to have taken place in gorilla. It must be borne in mind, however, that this consideration does not apply to 
Dryopiihecus darwini; unfortunately, the canines and lower premolars of this genus are unknown (see below). Indeed 
Bolk (1914) in discussing the same problem with regard Siamang and Semnopilhccus considers the hypocone-metacone 
bridge of Dryopiihecus as a special differentiation and very different from the corresponding appearance in recent man.' 
The second difference between Dryopiihecus and Sinanthropus concerns the special configuration of the crista transversa/ 
Dryopiihecus as also Australopithecus and all recent anthropoids including the fossil orang show the same feature in 
this respect, while Sinanthropus and the other hominids differ from them. I restrict myself to this statement without 
going into details as to its significance to the problem in question. 

The first and second molars of recent man (figs. 112 and 121) offer quite a different aspect when compared 
with'those of Sinanthropus, Like In the other teeth the crown is much smaller in the mesiodistal and buccolingual 
diameters, especially in the former, while the height is about the same. If all four cusps are well developed then 
there is no difference in the shape of the crown. There is a distinct tendency in recent man, however, to enlarge the 
protocone at the expense of the paracone, the metacone and especially also of the hypocone. The latter appears of 
being gradually absorbed by the protocone, a process which becomes more intense from the first to the third molar so that 
finally one cusp remains on the lingual side and the originally rhomboid angular tooth has been transformed into a 
triangular one (compare figs. 112, o and 121, o). The enlargement of the protocone takes place not only in distal 
direction but also in a buccal one as revealed by the asymmetrical position of the longitudinal furrow or its equivalent. 
In .Sinanthropus the boundary between the slopes of the protocone and paracone coincides with the midline of the 
crown, while in recent, man it has shifted, after Lenhossek (1922), toward the buccal side, that is to say, the space 
occupied by the protocone has increased at the expense of the two buccal cusps. According to Hildebrand (1908) 
the tricuspid type occurs only in 0.2% in'the first molar but in 38% in the second. Lenhossek (1922) and de Terra 
(1908) even give higher values: 53.2% and 57.3%, respectively, for the latter. Whether or not such a tendency had 
already been established in Sinanthropus, I am unable to judge due to lack of sufficient numbers of first and second molars. 

As to the.special features, a cingulum and its derivatives are completely absent on the buccal surface but 
they are occasionally present in the same way as in Sinanthropus on the lingual surface of the protocone where they 
may cause the formation of an accessory cusp-like protuberance, the so-called Carabelli tubercle, which however, has 
not been found hitherto in Siranlhropus. I shall return lo this question later. VS'V 

. The chewing surface is smooth: the main ridges and cusps are rounded and accessory ridge are entirely lacking. 
The crista obliqua is reduced to a faint swelling deviating from the slope of the protocone. However, this simple 
pattern which Lenhossek regards as typical for recent man (compare his figures 112 and 121) shows very great variations. 
In the Chinese material at our disposal there are molars which exhibit a rather complicated pattern resembling that of 
Sinanthropus in a moderate form and the same is true for the unworn or slightly worn molars of Australian Aboriginals. 
There exist pointed cusps, sharp ridges, distinct furrows and also some wrinkles, although much less abundant an 
distinct than in Sinanthropus. 

: The roots show the same effcct̂ of reduction as the crown. Their undivided portions are low and constricted 

in both dimensions. The single branches are weak and slender and curve toward each other. The lingual branch 

does not spread as straight and as far away from the buccal one as in Sinanthropus; thus the angle formed by the 

branches is not as wide and acute, as in the latter. .*••/£; : 4 . ^ ^ , , h^ 
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The molars of the Neanderthal group, (figs. 123 and 124) are closer to recent man than to Sinanihropus.} 
It is true, the hypocone even of the second molar is, as illustrated by the molar of Le Moustier (fig. 124), still 
developed but the mctacone appears to be already somewhat reduced so that the originally quadrangular form ha$: 
been partly lost. In the case of the Mouslerian youth also a slight reduction of the mesiodistal diameter of the 
crown has taken place. The general arrangement of the cusps is the same as in Sinanihropus, but even in unworn 
specimens the cusps themselves and the main ridges are rounded off and the pattern is not in any way as distinct as 
is characteristic for the former, and in addition, it only shows a limited number of wrinkles. The crista obliqua is; 
indicated in the cases of Krapina (fig. 123) and Le Moustier (fig. 124) whereas the crista transversa is less distinct. 
In the Krapina molar a trace of the V-shaped furrow on the mesial side of the paracone and protocone is still: 
recognizable. On the mesial lingual corner of the protocone there is a triangular pit separating the corner itself from 
the main part of the protocone (fig. 123). Gorjanovic-Kramberger (1906) considered this separated portion as a 
representative of the carabelli tubercle (see below). 

With regard "lo the root, most of those of Krapina molars are, according to Gorjanovic-Kramberger (1906), 
fused in a special manner which will be discussed below. The roots of the Mousterian youth are only briefly mentioned 
by Gregory (1922) who compared them with the roots of anthropoids; the buccal branches are straighter and less: 
divergent than in the anthropoids. The roots of La Quina molars are described and illustrated by H. Martin (1923).. 
They closely approach those of Sinanihropus in respect to robustness (fig. 333). It is worth noting, however, thatt 
the lingual root deviates distinctly less than that of Sinanihropus (figs. 109, 111) and is not straight but slightly curved-
toward the buccal branches and thus represents with this detail also an interesting intermediate stage between Sinan-, 
tkropus and recent man. •< \ * 

First and second upper molars of Sinanihropus display the same appearances as the other types of teeth described 
above. They approach very closely to those of the anthropoid group, although they differ from them in certain 
particular details. However, their pattern is not definitely fixed but shows a relatively wide range of variation. The. 
wrinkles are a very characteristic feature of this pattern. The molars of recent man represent in their common form 
only a faint copy of the original type; they are strongly reduced in size, the proportion of their crown has become 
changed and the pattern of their chewing surface considerably simplified. The relation to the original type is 
manifest not only by certain variations occurring in different races of present day man but also by the appearance 
of the corresponding molars of the Neanderthal group which, although as a whole resemble more those of recent man 
than those of Sinanthropusf reveal peculiar features similar to those of the latter, so that a distinct line leading from 
Sinanihropus up to recent man can be traced. 

Third molar (figs. 127-130, 135, 136, 277, 279-282, 345) 
Our material of third upper molars is composed of seven teeth consisting of four isolated and three found 

together with the jaws. The accurate determination even of the isolated teeth is comparatively easy because of the 
very characteristic feature of the third molar. The chewing surface of one of the isolated teeth (fig. 128) is com
pletely preserved; this tooth apparently represents a very young germ with the lower part of the crown not fully, 
developed. The remaining molars are more or less worn but nevertheless reveal characteristic features which permit. 
» satisfactory criterion of their typical appearance. According to their size all molars belong to female mdmduals; 
(he largest one (figs. 127, 135) are those found with the jaw which belongs to the female Skull II Locus L. 

The available Sinanihropus material of third molars does not show any special irregularities besides those, 
common to the first and second molars: the general appearance of the crown in particular doe, not d.tfer remarkably 
from that of the first and second molar, as far as it, proportion, and the feature, of the four outer surface, are con-. 

| | # j ' cerned. In the case illustrated in figure 135 the buccal .urface exhibit, a character,,., trace of the.cngulum wh.ch * ^ 
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ilf^Zi?* 

* • > ! - > , 



(I) 70 Weidenreich:—SinanthropusDentition Whole Ser. No. 101 

ness 
faintly indicated' also in figures 128 and 136. The most striking peculiarity of the molar, however, is the sma 
of the metacone which is reduced in length and in breadth to the same extent, and, in some cases, even inferior to 
the hypocone. In consequence thereof the paracone protrudes strongly buccalwards the distal part of the contour of 
the buccal surface receding in the same degree, so that the outline of the molar approximates a triangular one with 
the base on the mesial side and the angles rounded off. In regard to the size of the paracone and protocone the 
latter appears to be the larger one as is true in the preceding molars. There also is a bridge-like connection between 
the protocone and metacone, although this bridge is interrupted by a distinct furrow running within the longitudinal axis 
of the tooth. In figures 128 and 135 the protocone portion of this bridge is formed by a coarse wrinkle distinctly 
separated from the protocone proper by a deep transversal furrow and deviates from the distal main ridge descending 
from that cusp. These cases bear a remarkable resemblance to that described above as peculiar to Sinanihropw and 
illustrated by figures 113, o, and 114, o. All four cusps are present. The size of the hypocone, it is true, varies 
but nevertheless is well developed, with the exception of the case given in figure 128. In the molars of figures 135 
and 136 the hypocone is separated from the protocone by a distinct indentation on the lingual side.* 

As to the special pattern of the chewing surface the real structure is not as easily defined as was true 
in the first and second molars because of lack of suitable unworn tooth specimens. However, the material available 
suffices for the determination of the main features and also permits the statement that there are no essential differences 
between this and the other molars. It is of special interest to note that the crista transversa here is also represented 
by the mesial edge which forms the basis of the triangular field intercalated between the slopes of the paracone and 
metacone and is covered by numerous small wrinkles (figs. 128, 129, 130, o; 279). The distal edge continuing 
into the hypocone is likewise well developed and distinctly crenated because of the presence of certain wrinkles of 
the chewing surface which form notches in the edge itself (figs. 135, 136, o). The-fact that the slopes of the cusps 
have been also covered by such accessory ridges may be inferred from the abundance of fine furrows deviating from 

the main ones (compare the photographs: figs. 280 and 281). 
• — • " " " » 

One feature is of special interest. In figure 129 (280) the worn chewing surface of the protocone shows a fine 
interrupted and irregular linear groove which courses arch-like parallel and close to the lingual surface. This groove 
comes nearer to the surface toward the mesial side than toward the distal one, that is to say, it ascends from the distal 
towards the mesial comer of the protocone. I consider the groove or more correctly the basal part of the buccal 
surface of the protocone bounded by it to be a relic of the cingulum and will refer to this feature below. 

The roots are complete in five molars with three belonging to various individuals. In one case the inferior 
end is broken off but the arrangement of the branches may still be seen. In the two molars which belong to the 
same individual (female Skull II Locus L) three separated branches (fig. 135) are present the general arrangement of 
which is the one characteristic for upper molars, with the mesiobuccal branch projecting in buccal direction. 
However, there is a clear tendency toward fusion inasmuch as the lingual branch does not deviate as strongly front 
the buccal one as in the first molars illustrated in figure, 109 and 111; in addition the lingual branch is partly connected 
with the mesiobuccal one by a high and thin sheath of root substance as is seen in figure 120 also. In the case 
given in figure 130 (279) the degree of fusion is more advanced in that the lingual and mesiobuccal branches bend 
toward each other and the distobuccal one intercalates between the two (</)• In figure 136, finally there exists only a 

' single undivided, low and stout root, particularly developed in buccolingual direction the original tripartite character 
of which is still recognizable by a deep furrow on the distal side (<fl and a faint longitudinal impression on the buccal 
one (b). The root fragment of the molar of figure 129 exhibits the same character* that of figure 136 but the tus.o 
here is not so advanced and somewhat different in that the distobuccal branch lean, against the distal ,ide, ot e 
mciobuccal a. well a. the lingual branches. In all case,, regardle,, whether the root i, fused or not, the root, are 

'-'/,* 
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or inclined distal ly. As to the manner of connection between crown and root it 'is obvious that the constriction of 

the neck region is less pronounced in cases with strongly fused roots than in the other and that in the latter the crown 

projects considerably over the mesial and distal sides but much less on the buccal and lingual ones. 

In addition to these Sinanthropus third molars there is the hominid tooth of Choukoutien described by 

Zdansky (1927). As is apparent from figure 134, which was drawn on the basis of a good photograph and cast, 

this tooth is a typical Sinanthropus tooth. Its position within the molar series was left undetermined by Zdansky. 

It is a third upper molar of the right side. According to its size it probably belonged to a female individual. 

A comparison of this tooth, which is rather worn, with the other illustrated in figures 129; ,130, o; 135, o; 136, o 

reveals no essential differences with the exception of the fact that the paracone in Zdansky's tooth is not so sharply 

separated from the metacone or the buccal surface as in other specimens. The metacone shows the diminution typical 

for the third molar; the bridge connecting this cusp with the protocorie and interrupted by a fine furrow meets with 

a distinct distal portion of the latter. The root is single and, according to Zdansky, furrowed longitudinally in such 

a way that a fusion of the three branches is indicated. That author also called special attention to the facts that 

the mesiobuccal branch projects over the distal in buccal direction. As much as may be seen from the cast at my 

disposal it seems that the degree of fusion corresponds to one between those illustrated in figures 130 and 136. 

It is very probable that the tooth collected by Haberer in Peiping and sent to jschlosser (1903) for study and 

description also belongs to Sinanthropus, That tooth also represents a left third upper molar and should thus be 

included here. The tooth is badly worn but nevertheles its general appearance resembles rather closely that of the 

Sinanthropus molars, especially the one given in figure 135, o with the result that I do not doubt their relationship to 

each other. Metacone and hypocone are well developed, the buccal branches of the root are fused in the upper 

parts and diverge toward the apices, the lingual one having been described as being. "delicate.** 
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In its general appearance the third upper molar of the anthropoids closely resembles the first and second molars 

with one and rather important difference which is that in most of the cases it is considerably smaller. This smallness 

is not only a consequence of the general decrease in height, length and breadth, but also that of a special reduction 

of both distal cusps, the metacone and.the Jiypoconci In the majority of cases the former is much more reduced than 
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the latter. This' reduction' may even have reached such a proportion as to cause the entire cusp to be missing." In 
any case the contours of the molar become triangular with the base represented by the mesial side. Remane (1921) 
illustrated some of the cases in which a complete disappearance of the metacone or hypocone had taken place in 
chimpanzee, orang and gibbon. His belief, however, that such reduction of the cusps in question could never occur 
in gorilla must be erroneous, for the occurrence is clearly indicated in figure 298. This case is not at all an exceptional 
one, for in the male and female gorilla material at my disposal the reduction of the third molar is quite common and 
involves the metacone to a greater extent than the-hypocone. The same is true in the fossil orang. Also in 
Dryopilhecus cautleyi* the reduction of the entire molar and the decrease of the metacone in particular is very distinct. 
As much as my material permits me to conclude the reduction of the molar may be confirmed by all primate groups 
including the prosimians, that is to say, that the third molar in many genera and individuals is smaller than the first and 
the second and an additional reduction has frequently taken place at the expense of the metacone. Only in 
Cercopithecinae (macaques and baboons) the third molar may even be larger (longer and broader) than the second one. 
In the case of the fossil orang (fig. 282) the third molar is much smaller than the first or second (figs. 126,332, 336), 
the metacone being particularly effected by the reduction. However, the arrangement of the main furrows and 
wrinkles remains unchanged. ; / . : , • .,.». 

The pattern of the chewing surface of the anthropoid molars does not show peculiar alterations, with the 
exception of those associated with the occurring diminutions and thus essentially concern a reduction of the crista 
obliqua. fy •' 

i\ As to the roots, according to Remane (1921) a fusion of the branches is frequent in gorilla, the distobuccal 
branch being in connection with the lingual one; the same is true for chimpanzee in which all three branches may 
be found to have fused and the same condition holds for the orang; in gibbon the third molar shows, according to 
that same author, a fusion of the three branches much more frequently and to a greater extent than that of the anthropoids. 
Zdansky's (1927) statement that all molars of the great apes possess three distinct branches is therefore incorrect. 

In recent man (fig. 137) the third molar as mentioned above is an' extraordinarily variable tooth. It is thus 

impossible to describe here all the variations that may occur. However, the majority shows a distinct diminution 

in the general size or one at the expense of the metacone, with the hypocone merging at the same time with the 

prptocone. The third molar illustrated here by figure 137, o, and taken from Lenhossek clearly shows the way 

in which this process takes place. According to Lenhossek it is typical for the third molar to have only three cusps. 

Zuckerkandl found this number in 71.4% of European races and in 62.3% of non-European; Hildebrand arrived 

at 60%. . It seems that these figures apply to cases in which the metacone was present and the hypocone lost, that 

is to say, it had become merged with the protocone. Apart from this diminution there is no essential difference 

between third and second molars of recent man in regard to the general appearance and special pattern of the crown. 

This is especially true of the lack of wrinkles and the simplification of the pattern. 

The root in most cases is represented by more or less fused branches. Hildebrand (1908) found a single 

conic root in 43.4% and two fused branches in 21 .1% with the buccal branches grown together. As to the manner 

of connection of crown and root there is no difference of particular note between the three molars. 

Among the third molars of the Neanderthal group the characteristic diminution in general size is very pronounced 
in the Rhodesian man (Carter, 1928, fig. 20) and in the Steinheim skull (Berckhemer, 1933). As much as can be 
judged from the strongly worn molars of Rhodesia and Steinheim (fig. 132) the metacone has undergone a considerable 
reduction and the hypocone is lacking completely. There is also a considerable diminution to be observed in the 

case of the Sacropastore skull according to the photograph: and description by S. Sergi (1929), but the hypocone 
i — " 

.$<<.* Dr. W . K. Gregory very kindly supplied me with casts of the jaws. :<-^ 
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here is apparently still present. In the third molar of La Quina the tooth, according to H. ' Martin (1923) and the 
photograph, is flattened in mesiodistal diameter at the expense of the two distal cusps but the reduction as a whole is 
not too extensive. The same seems to be true for the right molar of the Mousterian youth while the left one, according 
to the cast and photograph, exhibits a remarkable reduction in which again the metacone is mostly affected. According 
to Gorjanovic-Kramberger (1906) the third molar of Krapina has only three cusps with a strongly reduced hypocone; this 
statement seems to apply to the case illustrated by that author in Plate XIII, fig. 3 and reproduced here in figure 131. 
It is evident, however, that in this case the metacone is much more involved in the reduction than the hypocone. This 
Krapina molar (fig. 131) and those of the Mousterian youth reveal some more details of the special pattern of the 
chewing surface. The surface is covered by characteristic wrinkles, especially in the area of the mesial and distal 
marginal edges, thus resembling the conditions existent in the Sinanlhropus molars represented by figures 128 and 129 
in regard to the mesial edge and by figures 135 and 136 in respect to the distal one. In addition, the presence of 
the triangular field in the mesial region of the molar described above for Sinanthropus molars is distinctly recogniz
able in the Krapina tooth. 

As to the roots of the Neanderthal molars Gorjanovic-Kramberger described one tooth with a tripartite root, 
while in the remaining the branches had grown together* In La Quina both molars show three separated branches like 
in Sinanthropus given in figure 135. . . • .• •%,. •• _•.*;• 

It Fs general use to speak of the third molar of recent man as a tooth well on the way of a complete elimination 
or at least as one with distinct signs of a progressive diminution. Such a view, indeed, can be based on very convincing 
facts. But if such a fate of the molar is considered to be typical only for recent man or the hominid group, then the 
view becomes erroneous. It has been shown earlier that the third upper molar may almost in all families of the 
primate stock be considerably smaller in general than the second or the first molar and in numerous cases the difference ri 

in size and shape is very pronounced. This does' not only hold good for the recent primates but also for extinct ones, 
as for Dryopithecus and to a certain extent also for the fossil orang. Therefore in this respect we are dealing with 
a general peculiarity of the primates regardless to which systematic group the species concerned may belong. 

" In the case of hominids, at least in so far as recent man is involved, it can be proven that not only a reduction 
takes place but also that there is a distinct tendency towards elimination of the tooth entirely. Whether or not the 
latter phenomenon has also occurred in Sinanthropus and in the representatives of the Neanderthal group cannot at 
this time be ascertained because the number of completely preserved adult maxillae with all molars in place is too 
small (La Ferrassie, La Quina, Le Moustier, Rhodesia, • Sacropastore, Spy I and two Sinanthropus maxillae): 
However, even if such should be the case, it could not be taken as characteristic for hominids since the loss of the 
third molar also occurs in gibbon, orang and chimpanzee (Selenka 1899, Remane 1921), while its complete dis
appearance in gorilla has not been noted hitherto. 

The manner in which the diminution of the third molar is manifested is* the same everywhere. It consists 
either of a decrease in all dimensions or of a decrease chiefly in mesiodistal diameter or in a combination of both. 
But in all cases the metacone is the most affected, while the hypocone merges more or less with the protocone. 
The root takes part in this process by its three original branches exhibiting a clear tendency toward fusion in order to 
form a single root. But this process already occurred in the second molar of Sinanthropus. 

The third upper molar of Sinanthropus shows all the peculiarities characteristic for the diminution described. 
In none of the seven specimens available, however, at the moment has the reduction of the hypocone reached such a 
high degree as is found in recent man or in Rhodcsian man or in the Steinheim skull. As to the general shape and 
the special pattern the Sinanlhropus third molar resembles closely the first and the second, so that all statements made 
above in regard to the relation of the Sinanlhropus molars to those of anthropoids on the one hand and to recent man 

^^^'i/V-;/' '-.'^^,.^1^^--" '-%'Wfc'' li '-MV; £?•&*?% ?.&4fr?£*-'''ty f?;l^;..W& *':; \%?&i. 
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on the other hold good also for the third molar. * The fact that the teeth of the Neanderthal group approach closet 
those of recent man than those of -Sinanthropus is again revealed by the appearance of this molar. • 

'*!*•;* > f J •• i 
'lii -*%r>/i Mt f ? e j ^ t Thc Carabelli tubercle. &*JWi\ 

One special feature peculiar to the upper molars of recent man has aroused great interest because of the 

alleged phylogenetic importance attributed to it. This feature is represented by a tubercle more or less developed, 

which occasionally is found at the lingual surface of the protocone, generally in the first molar and less frequently 

also in the second and third molars. According to the author who described it first this tubercle is known as 

"tuberculum anomalum** or the Carabelli cusp or tubercle. 1 do not intend to enter into a detailed discussion of 

this formation and to refer to the extensive treatises by de Terra (1905) and Lenhossek (1922). •:•/ 

According to Carabelli the tubercle rises near the neck of the crown and with its tip projects freely in the 

mouth cavity for some distance from the crown. It results from this description that it concerns those cases in which 

this formation is very pronounced. ; Yet it is characteristic t for this structure to show an extraordinary variability* 

According to Lenhossek who has given the best and most detailed description, the most frequent form "the normal 

form** is represented by a half-moon shaped furrow coursing parallel and close to the mesiolingual contour of the 

protocone and turning its convexity toward the chewing surface. T h e outer region bordered by this furrow projects 

more or less and lies upon the mesiolingual corner of the protocone like a scale. However, Lenhossek adds that 

the "cusps'* in question frequently appear not as a new formation superposed on the protocone but merely as a 

separated portion of the protocone itself which must be rather small if the "cusp** is detached from it. In figure 

'334, a and 6, which represents the first molar of a recent Chinese,' the condition described by Lenhossek is very 

clear. In a great number of cases not even this stage is realized, the entire feature being restricted to a faint and 

short fissure "or pit near the chewing surface of the mesiolingual corner of the protocone. Unfortunately, it » 

impossible to give exact figures on the occurrence of the formation because of the difficulty experienced in determining 

the varying degrees of development with sufficient certainty. Lenhossek found a Carabelli "cusp** in the first molar 

in 3 7 . 5 % ; it was found well developed in 10.2%; faintly or represented only by a small pit in 2 7 . 3 % . Bolk 

(1915) stated to have noted that the formation in question occurs in the form of a real tubercle in 17.4% and in 

that of a small pit in 4 4 . 3 % . y / y 

In any case, there is in recent man a special formation at the mesiolingual corner of the protocone which ranges 

in appearance from a small pit to a big cusp-like protuberance in c. 15% to c. 5 0 % . This relatively frequent 

occurrence in recent man gained a phylogenetic interest the moment Cope (1889) described the presence of an 

"accessory internal tubercle** in Lemur which he brought into relation with the Carabelli tubercle and when 

Batujeff (1898) stated that in the first place the Carabelli tubercle occurred much more frequently in Europeans 

and secondly that it did not occur in anthropoids but only in baboons. Adloff (1908 and later) even went further 

by considering the existence of the tubercle in recent man as well as in lower primates and its supposed complete 

absence in anthropoids as a distinct proof that man could not have been derived from an anthropoid stock but directly 

from some low primate type. H e believes that the Carabelli tubercle represents a regressive formation which must 

have been more developed or at least existed in the same degree in the ancestors of recent man and was now on the 

way of being reduced. In contrast to this belief de Terra (1905) considered the tubercle as a progressive feature 

determined to enlarge the chewing surface as compensation for the gradual loss of the second and third molar and 

Gorjanovic-Kramberger (1906) held the same view as de Terra with respect to the progressive character in recent man. 

If AdlofTs view were accepted as being correct, then it may be expected to find the Carabelli tubercle to 

occur more frequently in fossil hominids than in recent man and in addition to the reduction in the latter, this cusp 
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•would be met with in a more advanced stage of development in those fossils. As a matter of fact, the reverse is 

true. T o begin with, there are twenty-two Sinanthropus upper molars and if Zdansky*s molar is included, twenty-:, 

three molars available for a basic study. A Carabelli "cusp**, however, is not to be found in whatever form in any 

of the cases, with the possible exception of the third molar illustrated in figure 120. But even in this case there 

does not exist a real tubercle but only an irregular furrow or fissure there where the structure in question is usually 

found. Its course corresponds, it is true, to that in recent man (compare fig. 334) but the lingual portion of the 

protocone separated by that furrow is a small part of the protocone itself and not a special accessory tubercle as is 

incontestably proven by the outline of the cone. ;».̂  , . ,v ... . 

In connection with the Neanderthal man Adloff himself (1908) and Gorjanovic-Kramberger (1906) claim the 

presence of the Carabelli tubercle on the Krapina molars. T h e former author states that he has observed the presence 

of " c u s p s " on all molars at his disposal, even though in some cases they could just be traced. In no case, however, 

d i J the tubercle reach the level of the protocone and such an independence as in recent man. Adloff gives an 

illustration of such a case in Plate V I I I , fig. 38 and Gorjanovic-Kramberger in Plate X I I I , fig. 4 . It seems that 

both these cases chosen for the purpose of illustrating the Carabelli tubercle constitute the best from the Krapina 

collection. Gorjanovic-Kramberger*s molar is reproduced here in figure 123, thus making it possible to form a correct 

judgement of the real character of that "cusp**. The re is no doubt, what is called "Carabelli cusp" here is 

nothing else but a very small part of the protocone itself separated from the main part by a small triangular pit at the 

mesiolingual corner. In the case reproduced by Adloff the conditions are exactly the same except that the impression 

here is located somewhat nearer to the neck of the crown. Therefore, according to the various authors concerned, the 

so-called "Carabell i cusp*' of the Krapina molars corresponds to such cases of recent man only in which this cusp 

is merely represented by a small pit. In the Mousterian youth both first molars show the same feature according to 

the photograph and the statement by Gregory (1922). Whether or not the molars of the other Neanderthal hominids 

possessed a real Carabelli " c u s p " or an equivalent pit cannot be ascertained because of the worn condition of the 

dentition, but at any rate, the cusp could not have been a large one for, if so, its presence should be discernible despite 

attrition. . rvA*s •*-v.'Y £vS&.*«4" > — -

New light has been shed on the entire question by a more recent statement made by Adloff (1932). In 

connection with the description of the dentition of Australopithecus africanus Dart Adloff records in the left M1 the 

equivalent of a "Carabelli cusp*' being indicated by the presence of a small pit in its characteristic place at the 

mesiolingual corner of the protocone. Adloff writes that Dart verified the correctness of his observation by checking 

it on the original. Indeed, " a very, small impression** as Dart describes it is to be recognized but not a real 

tubercle. Adloff in accepting this interpretation offers the explanation that such a small pit must be considered to be 

the earliest indication of a tubercle on the way towards being separated. I therefore'propose to term the pit in question 

"Carabelli pit** in order to distinguish it better from the "Carabelli cusp." In figure 115 the Australopithecus molar 

with that pit is reproduced. It corresponds in its position exactly to that of the Krapina molar of figure 123. 

r Adloff correctly notes in the publication quoted that the anthropoids .show a cingulum in that place. This 

cingulum is clearly seen in Dryopithecus (fig. 116) and gorilla (figs. 117 and 331). The pit or furrow corresponds to 

that spot where the cingulum rises from the base of the crown meeting the mesial edge. With reference to the cases 

given in figures 116 ond 117 there remains no doubt that we are dealing with a characteristic cingulum, but in some cases/ 

however, the gieatest part of it is lost and only a pit or a furrow persists on the mesiolingual corner of the 

protocone (compare figs. 116 and 117 with figs. 115 and 123). Nevertheless, the latter feature is not at a 1 restricted 

to the hominids as surmised by Adloff-its presence in Australopithecus ascertained by Adloff himself is a plain counter-

proof-but occasionally will be found to be well developed in anthropoids, especially in the fossil types. For instance. 
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Glaessner's DryopUhecus darwini (fig. 335) exhibits it in an excellent way. By a furrow with a very fine hole at itv 
base and two dot-like elevations the feature in question is also represented in an upper molar of a fossil orang (fig. 336).) 

Since the Carabelli pit is located near the chewing surface, it will not be found in molars with a high degree' 
of attrition. As to recent anthropoids the first molars of gorilla usually show a well developed cingulum, in chimpanzee' 
the cingulum is reduced to a short furrow in the characteristic place and occasionally combined with a small pit. In the' 
orang there exists in certain cases a complicated pattern which must be considered as a derivation from the cingulum. 
The Carabelli pit common to recent man and existent in Neanderthal man can thus be found in the same degree of 
development in anthropoids, fossil as well as recent. Adloff °s contention that the presence of a "Carabelli cusp*"1 

in recent man implies a fundamental difference between man and anthropoids must hence be refuted because it stands in 
contrast to the actual facts. This statement, as a matter of fact, only concerns the "Carabelli pit.** But what are, 
the conditions of the Carabelli tubercle? 

It should be noted that Remane (1921) described an occasional occurrence of the Carabelli "cusp"' also, 
in anthropoids. He found its presence in two cases of second molars of a gorilla. It must be admitted, however,' 
that the real cusp is undoubtedly far more frequent in recent man than in anthropoids in which it may occur in exceptional' 
cases. Furthermore, it is likewise obvious that in all fossil hominids known hitherto (Sinanthropus and Neanderthal man) 
a real "cusp" does not exist. Thus Adloff's assumption that the cusp in recent man must be considered to represent 
a regressive formation, being the remnant of a still more developed cusp in his ancestors, is apparently in contrast to 
the actual facts.- On the contrary, such formations as in excess to the normal form of a pit or furrow and offering 
the aspect of an accessory cusp are only found in recent man and constitute secondary acquisitions here, according' to 
de Terra and Gorjanovic-Kramberger. This implies that there exists a tendency to exaggerate under certain circumstances 
a feature which grows from the remains of a formation clearly in regression in hominids, namely the cingulum. 

Such tendencies are not at all restricted to the first upper molar. They are very pronounced in the third 
molar of recent man and often present the strangest pattern formed by accessory cusps in various places. It was at 
no time surmised that all these variations must be considered equivalents to special structures of unknown ancestors. 
I was able to show in the precedii g pages that in recent and Neanderthal man there is a general tendency towards 
enlarging the tubercular structures on the lingual surface of all upper teeth, namely incisors, canine and premolars 
(see above and figs. 21, 24, 48, 76). Similar tendencies may also be seen in other members of the primate group. 
Hylobates is a good example. Adloff (1908) described the occurrence of the Carabelli cusp and illustrated it in his 
figure 78 o (Plate 20). However, the presence of this cusp here does not constitute a rule but rather an exception. 
In Cebus capuchus I found in both third molars a large and high accessory cusp on the lingual surface between protocone-
and hypocone (fig. 337) but not once in any of the Platyrrhinae. Bolk (1914) also ascertained the presence of such 
accessory cusps in Cebus. It seems that occasionally the cingulum gives origin to some cusp-like formations. One 
of the best known is the hypocone itself which is derived directly from the cingulum according to the general belief 
(compare fig. 331). Adloff (1908) described and figured (Plate 27, fig. 100) a "Carabelli cusp" on all molars in a 
lemur. As is evident from figure 338, however, this feature cannot be compared directly with the same formation in 
recent man, for it merely represents a rounded off thickening of a low cingulum projecting directly lingualwards on 
the mesial portion of that surface. A tubercle of exactly the same kind but much smaller projects on the distal portion' 
occupying the site of the hypocone. But while the latter disappears in the second and third molars, the mesial tubercle 
here is preserved. More than this, the mesial tubercle is also present in the last premolar. In other prosimians this 
tubercle is lacking, and the space of the distal one taken by a hypocone. These facts demonstrate the 1 ighly variable 
character or such structures. If all intermediary stages are missing, then it is impossible to homologize those inconstant 
structures with accidental formations of phylogenctically more advanced types. Be it as it may, it is evident that the' 
idea of a fundamental difference between the hominids and the anthropoids and the direct derivation of the former 
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from low primates based upon the presence or absence of a Carabelli pit or cusp is without any fundamental support. 

•The pit represents a remnant of the cingulum common to all primates-including the anthropoids and the tubercle is an-

accidental variation without phylogenetic significance, with the distinct tendency to increase in size and frequency in 

recent man. I agree in this respect with Gregory (1922) who voices a similar opinion. 

For the sake of completion I also wish to refer briefly to the conception held by Bolk (1914) who considered 

the Carabelli tubercle in conformity to his "dimere theory" as the representative of a **tritomere**, that is to say, as a 

manifestation of a third dentition located behind his **deuteromer" (represented by the protocone and hypocone) or 

better Iingually from it. The conditions in Sinanthropus which is certainly closer to the primitive stage than recent 

man do not support Bolk's suggestion since the supposed **tritomere" is mucb less pronounced in the former than in the 

fetter. \ i\\ %%£ •<; J:v<?\* K < '&A i^^X* l;ii«2*4i 

. . • *r : " . , • ; v ff;r.v, - - b. LOWER MOLARS " ^ i ^ ' * ' * ^ : ^ ' ~ 

^ First" and second molar's (figs.' 139-142,"144, 145, 147,'148, 155, 161-166, 180, 283-290; 294, 3 3 9 ) " 

The description of the first and second molars is assembled because of their close resemblance which makes it 

difficult to distinguish them when isolated. In this respect Sinanthropus differs considerably from recent man because 

in the latter the second molar usually appears rather reduced in size and pattern when compared with the first one. 

Thus, the decision whether we are dealing with a first or a second molar is rather complicated in the case of Sinanthropus, 

However, the fact that of the 24 first and second lower molars at our disposal 7 first and 6 second were found in siitt 

makes possible a rather correct determination of the isolated teeth. Additional and may be found in the age of the 

teeth whicb is approximately determinable by the degree of wear and the conditions of the roots inasmuch as there 

*-"&*• exists a greater probability for the preserved germs to represent second rather than first molars, since the presence of' 

such infantile mandibles as may be presumed by germs of first molars has not been confirmed. 

The molar material comprises six unworn or only slightly worn teeth and is thus sufficiently large in number 

to permit a thorough examination of the characteristic pattern." The first Sinanthropus molar found 'and subsequently 

described by Black (1927)—fig. 144—has already undergone a further stage of attrition when compared with the new 

material. Eight first and five second molars probably belong to male individuals and six first and five -second molars 

to female. , .»; ' , ,«• \v < .' .>(; j*.r, „7 .;.•.".*. ^ 

,'X--\ One of the most characteristic features of the crown is its lowness in relation'to its length and breadth as 

demonstrated in figures 139, 140, 148, 339, which represent unworn or only slightly worn teeth. Combined with 

this peculiarity is a marked convexity of all four outer surfaces of the .crown, especially of the buccal one. The 

convexity is due to a swelling located at the basal part of the crown which produces a bulbous formation, especially 

on the buccal surface (compare also fig. 180). In connection with this structure the upper part of the crown represented 

by the protoconid and hypoconid inclines strongly lingualwards. There is no doubt that the structure in question has 

~ to be considered as the remainder of a cingulum which is very pronounced in the corresponding place in gorilla 

(figs. 157'and 181), to a lesser extent—-like in Sinanthropus—in orang and chimpanzee. 

The presence of a cingulum originally is furthermore proven by other particularities of the buccal surface. 

The most conspicuous of them and strongly developed in certain cases (figs, 140, &; 148, h; 165, &, o; 339, o, o) 

is a long S-curved indentation emerging close to the mesial slope of the protoconid and descending obliquely to 

the just mentioned basal swelling where it ends. In the case given in ' figure 339 it continues into the fissure 

separating the protoconid from the hypoconid. This indentation represents nothing else but the ascending mesial 

portion of the cingulum which rises in gorilla (fig. 181. M»," Ms) to'a* higher level than its distal portion.* The 

buccal surface of the protoconid proper which is delimited by that indentation occasionally also shows a fine striatum 

(fig. 148). In the case of figure 139 o, m, o (294) in which the Indentation, it is 'true, is absent, the striatum'U 
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composed of a fine denticulation ending just below the level of the chewing surface.' Another feature also correlated 

with the original presence of a cingulum is that the fissures cut in deeply and separate the protoconid from the hypoconid 

and the latter from the mesoconid. Both fissures especially the first one end in small pits overshadowed by the 

upper border of the basal swelling (figs. 139, o, o; 148, b; 180, M^, a feature which resembles the formation ol 

«tylar cusps in lower primates, and one which is also indicated in anthropoids (figs. 156, 158, 181, 297). M 

The lingual surface exhibits no special pattern, except that the fissure separating the metaconid from the entoconid 

is well developed and that in some cases a more or less distinct furrow also separates the entoconid from the mesoconid 

or the ''tubercle 6 " , respectively. The mesial and distal surfaces do not show any special features, with the 

exception that the marginal edges uniting the corresponding cusps may occasionally be slightly crenulated, either the 

mesial and distal edges or only one (figs. 139, m; 140, d; 165, /). /. " » 

The cusps are in all cases well developed. It is difficult however to define which of them is the highest 

and in which sequence the remaining ones come. The reason for this difficulty is the fact that the neck of the crown 

does not form an even plane (figs. 139, /; 161, /)• It seems to me that both mesial cusps are somewhat higher than 

the distal and that the metaconid is higher than the protoconid, of course, only in unworn molars. ' 
. . . . . . . . . . . * 

t In order to describe adequately the extremely complicated pattern a standard type molar is chosen, namely 

one which unites most of the features characterizing Sinanthropus such as is .illustrated in .figure 165, o. This molar 

which I designate as standard type I also represents the basic model for the pattern schema given in figure 155. 

Although the chewing surface is covered by a great number of accessory ridges of the same kind as those described in 

the upper molars, it is easy to recognize the main furrows delimiting the single cusps and thus to define the fundamental 

pattern of the surface. In the case in .question there are six cusps, three, on the buccal and three on the .lingual side 

which are separated by a longitudinal furrow coinciding exactly with the longitudinal axis of the tooth. The largest 

cusp is the metaconid, it exceeds the other, especially the protoconid, in longitudinal as well as in transversal extension. 

The sequence of the other cusps with respect to size is : protoconid, entoconid, hypoconid, mesoconid, accessory 

tubercle 6. All six cusps are connected by major ridges which encircle an oblong inner area, the chewing surface 

proper. Within this area the cusps are separated by major furrows which continue to the corresponding outer, surf aces 

cutting into the major ridges on their course. There is only one exception, namely the major ridge uniting the 

protoconid and the metaconid and representing' the mesial edge of the chewing surface. This edge is never inter

rupted by such a furrow. The special arrangement of the cusps consists of that the protoconid, hypoconid and 

mesoconid are entirely situated within the buccaf moiety of the tooth, while the metaconid, entoconid and tubercle 

6 occupy the lingual half. As the metaconid is longer than the protoconid it does not only meet with the latter but 

also with the hypoconid. Gregory (1922) and Gregory and Hellman (1926) called this,special.arrangement the 

"Dryopithecus pattern" because it characterizes the lower molars of . t h i s . f o s s i l . a n t h r o p o i d . C ^ Z ^ ^ O ^ k J V ? ^ 

T h e -tubercle 6 " is intercalated between the mesoconid and the entoconid and proves its independency from 

the two adjoining cusps by the existence of separating major furrows on each side. It is represented by one large 

wrinkle emerging from the distaledge of the chewing surface; T h e area occupied by the *pace between the mesia 

edge and the inner slopes of the protoconid and metaconid shows a triangular form and resembles cbsely the triangular 
figs. 113 and 114, o with fig. 165, o). It is limited by a V-shaped 

poo 

tubercle 6 from the entoconid deviates from the longitudinal major furrow. . ' 
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It is evident from the preceding description that the trigonid represented by both mesial cusps, the protoconid 
and the metaconid, is larger than the talonid composed of the four remaining cusps. *• The prevalence of the trigonid 
does not only involve the breadth but also the length.- I will return to this question below. )• £f i* -

'As is true in all other types of teeth the variation in the appearance of the lower molars of Sinanlhropus is 
very great. This variation concerns in particular the size and arrangement of the cusps and the formation of tubercle 
6 as an independent cusp. For instance, in figure 339 where the characteristic outer relief of the protoconid is well 
developed and the **Dryopithecus pattern" very pronounced on account of the preponderant size of the metaconid, 
tubercle 6 is missing and replaced by the mesoconid which has shifted somewhat beyond the midline of the tooth. 
In consequence thereof the longitudinal furrow shows a bifurcation on its distal end with its branches enclosing the 
mesoconid. Another interesting variation concerns the mesial end of the furrow and the triangular area. Instead of 
this area being delimited by a V-shaped fissure there is a narrow zone formed by a transversal fissure. A strongly 
developed accessory ridge representing a mesial portion of the metaconid slope rises above the lingual side of that' 
fissure. I have designated this type as type II. 

Between both these extreme variations there are other approaching in some details type I and in other type II. 
The molar illustrated in figure 139, o shows the pattern of type II with regard to the configuration of the distal 
end of the longitudinal furrow, that is to say, the tubercle 6 is missing and the mesoconid has shifted beyond the 
midline, while the triangular area on the mesial end is easily recognizable in spite of the attrition. The molar of. 
figure 140, o belongs in all details to type I, except that tubercle 6, although present, is not distinctly separated 
from both adjoining cusps. The molar given as figure 144—Black's molar—likewise belongs to type I; this tooth is 
of special interest because it demonstrates that in spite of its considerable attrition the general arrangement of the 
cusps can be determined by the characteristic course of the major furrows. Small point-like or stroke-like impressions 
indicate here the original presence of furrows even in the region of the heaviest attrition. Thus it may be seen that 
the V-shaped fissure existed on the mesial end, that the mesoconid was situated entirely on the buccal side and that 
tubercle 6 must have been present and separated by a deep furrow from the entoconid. The molar of figure 163 
also represents type I with two exceptions, namely that tubercle 6 is present but appears to be a somewhat independent 
wrinkle of the entoconid. The second exception concerns the configuration of the triangular area; instead of it the 
mesial edge is very narrow and meets with two distinct wrinkles, a buccal and a lingual one, the former representing 
a separated portion of the protoconid, the latter such a section of the metaconid. This case is similar to that in figure 
339 (type II) with the only difference that the protoconid wrinkle is absent in the latter. The molar of figure 164 
represents a characteristic type I with tubercle 6 transformed into a relatively large cusp and therefore somewhat 
shifted to the buccal side. The molar of figure 166 represents type II but the triangular area is the same as in type I. 

An exact classification of strongly worn teeth is, of course, difficult. The molar of figure 141 seems to 
belong to type II and that of figure 145 to type I. However, in all these cases the metaconid is the largest cusp 
and the "Dryopiihecus pattern** as well as the presence of at least 5 cusps are recognizable. In this respect it is 
irrelevant whether we are dealing with a first or a second molar, since a. conclusion may be reached from the 
appearance of the completely intact teeth in situ, ^ f.,t 

Certain exceptions, however, exist. AH unworn or only slightly worn molars are oblong with the longer 
axis represented by the longitudinal axis of the tooth. From this shape it may be concluded that worn oblong teeth 
also, even though their pattern is obliterated, must have been in possession of five or six cusps. Some of the worn 
molars exhibit a quadratic form such as the one selected as the most typical tooth in this respect and illustrated in 
figure 142, o. Although in this case the trigonid is broader than the talonid, the protoconid seems to be larger than 
the metaconid. But it should be taken into consideration that the metaconid is much more worn than the protoconid 
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and that the faint traces indicating the transversal furrow show the original presence of a Dryopilhccus pattern 
The quadratic form of this molar seems therefore to be a consequence of the very strong attrition of the contact sides 
as revealed by the corresponding views (m, <i). As is evident from figures 141 (m, dt o) the attrition at such places, 
always exercises great influence upon the shape of the molars; it diminishes the length while the breadth remains 
unchanged. This is the reason for my skepticism toward the indiscriminated use of the length-breadth index of 
molars as a reliable criterion for comparison purposes. 

In the cases illustrated in figure 161 the molar is also quadratic and worn on the contact sides, but here, 

nevertheless there exists a DryopHhccus pattern as revealed by the course of the transversal furrow and the position-

of the corresponding buccal and lingual fissures. In figure 147 on the other hand which also represents a quadratic' 

molar with considerable attrition on the contact sides, the Dryopithecus pattern has been lost with the metaconid 

exhibiting the same length as the protoconid. But there is a connection between the hypoconid and the metaconid 

brought about by a narrow wrinkle-like continuation of the former which crosses the intersection of the longitudinal 

furrows. The same arrangement is peculiar to the molars of the Neanderthal group (compare figs. 147, o with 

149-154). . . . . 

T h e inner slopes of all cusps are covered by wrinkles, that is to say, by accessory ridges and furrows.. 

T h e degree of development is in all molars the same regardless whether it concerns a first or a second one. 

A s is true of the upper molars these wrinkles represent a very characteristic feature of the lower molars of Sinanlhropus. 

T h e wrinkles are present not only in germs (figs. 164, 165 and 166) but also in erupting teeth (fig. 163) and in 

completely erupted teeth (fig. 140). They will be lost in proportion to the advance of attrition but even in strongly 

worn molars accessory furrows which occasionally cut in quite deeply into the surface of the tooth may still indicate, 

their original presence and course. The belief, defended with astonishing obstinacy by Adloff (1908*1937), namely t 

that the wrinkles are only accidental transitory structures without any special significance-for classification or for. 

phylogenetic questions has become totally void of even the slightest foundation because-of the Sinanlhropus molars 

(see below). It is true, there is a great variation in wrinkles with respect to size, number and position. Their, 

general character, however, is so constant that it is possible to define their arrangement and their relation to the 

cusps and other structures of the chewing surface. 

T h e character in principle is the same as in the upper molars for which detailed information has been supplied 

above. T h e schema reproduced in figure 155 may serve as an appropriate illustration: the major fissures separating 

the cusps are indicated here by heavy lines, the accessory by dotted lines. The wrinkles cover the inner slopes ot 

the five cusps. In addition, they are also present in the triangular area where they emerge from the mesial edge. 

Tubercle 6 appears to be a large wrinkle, emerging from the distal edge and having attained a certain independency 

(figs. 163, 164, 165). In most of the cases each of the slopes of the main cusps shows three wnnkles-or-wnen 

the number is increased-three groups of wrinkles the middle one of which is the largest, while those on either nan* 

are smaller. T h e variations consist of a decrease or increase of the number or stoutness, of a stronger development 

of individual wrinkles and of secondary sub-divisions. . T h e increase in number and the two last mentioned variations, 

are chiefly found in the metaconid. T h e stronger development is manifest mainly in .a stronger growth m length, 

that the wrinkles are either curved or winding. . . 

TT,e three wrinkles pertaining to a cusp are usually so arranged thai the middle'wrinkle emerge, f r o r n M h g 

of the cusp, while those on the sides start from the major ridges going out from the ftp to e.ther s.de. In d e s c » J 

the wrinkles of one cusp meet at the foot of the slope those of the opposite « " * ^ " J * £ £ ^ f a c e 

n g a t i n g the cusps are bordered by very sinuous lines (fig. . 5 5 ) , Desp.te such a * £ * « £ * £ ^ Z c t e r i s t i c 

the wrinkles do not at all conceal the fundamental structure of the molar (fig. 138). The cusps rema 

feature with the wrinkles closely restricted in arrangement and course to the md.v.dual cusps. 
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TABLE XVIII 
Measurements of first lower molars 

istf 

height 

length 

breadth 
... ^.^.. 

;,?& ' * T " fcj, 
Molars in situ 

2#y 
No. 96 

4 

n situ 
* * ? /y/ : ?£-

No. 97 No. 96 

length-breadth index 

trigonid breadth 

talonid breadth 

trigonid index 

talonid index 

(3.8) 

11.8 

11.2 

95.1 

height: mesial 

distal 

length: total 

mesial"~ 

distal 

breadth: total ~ 

mesial 

distal 

10.2 

7.2 

11.9 

11.1 

93.3 

11.1 

10.7 

93.3 

90.1 

No. 99 

8.4 

13.6 

12.6 

92.7 

12.6" 

12.2 

92.7 

89.9 

10.2 

7.8 

13.4 

12.2 

91J1 

12.2 

11.9 

9InI 

88.8 

10.9 

11.9 
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No. /00No. /0/No. 102 
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(5.3) 

13.2 

12.5 

11.3 

10.6? 

94.8 

12.5 

12.3? 

94.8 

94.2 

11.2 

10.8 

<*f.3o9 
/<r 

Average 
No. 34 

9 

(4.3) 

13.0 

12.6 

7.8 
***-4. 

11.8 

97.2 

12.6 

12.3 

97.2 

94.7 

16.1 

15.5 

93.7 

12.2 

11.9 

96.8 

90.8 

Isolated Molars 
' W IH-7 N"39 13^ /</.? ? ^ c 

7.1 

12.2 

10.9 

89.4 

10.9 

10.6 

89.4 

87.1 

(11.7) 

(10.7) 

10.5 

4.0 

5.7 

9.0 

4.1 

4.4 

9.9 

9.9 

7.3 

No. 35 

(3.5) 

12.5 

12.6 

100.7 

12.6 

12.5' 

100.7 

100.0 

14.7 

14.7 

10.7 

4.4 

4.9 

9.9 

9.9 

8.9 

JV/ I \3tt 
No. 36 No. 37 No. 38 

7.7 

14.1 

12.8 

90.8 

12.8 

12.5 

90.8 

88.8 

(12.4) 

(13.4) 

10.5 

4.5 

4.7 

12.0 

10.8 

10.8 

9.9 

(4.5) 

9.9 

10.1 

No. 137' 

7-3 

13.0 

11.7 

102.0 

10.1 

9.6 

102.0 

13.1 

14.2 

8.9 

4.1 

4.6 

9.7 

9.7 

7.9 

90.2 

11.7 

11.3 

90.2 

87.3 

(14.2)N 

(12.7) 

9.1 

4.4 

4-3 

10.2 

10.2 

8.3 

No. 147' 

(4.6) 

12.3 

11.7 

18.5 

11.3 

5.1 

5.8 

11.0 

11.0 

10.4 

Co 

Average 

r . - ' - * * • M-. '.*'%i!••:• 

v^ .? .* : -vVy- . - " 7 - ' -
- f « . • . N . i -. - • . J . X « W • • " • 

7.6 

12.6 + 

11.7 

933 

11.9 

11.6 

94.5 

90.8 

^ 

;-'-.V 

'*£*•'. 

"V 
^ 
n 
£~ 
r* 
a 
a 
o 
s -

v 
CO 
3 
Q 
a 
*̂# • n 

O 

c 
M 

C3 
r» 3 

O 
a 

. C •'* * 

- ' ' -•.. 
• • ' - * . • 

• . . • • . 

.>» 

? : > 

wvi 

• * j 

» 

T " ^ 

• • • 

• ^ 

*. • - » 

•-•£1 

C» 



4#?'S£:: 

Hi 
| |M~* 

~V.- t . j -"• 

§1 ''5 
i : 

<-". *; 

•*.*. r*"*'" *s 
$|f^* W*r»*-,%\. •.- i"'i 

TABLE XIX 
Measurements of second lower molars _' •« ! 

Molars 
l l r V J W J n n J ' " 

1 
ha 

• 

1 J 

1 *"• 

o 
i 2 

1 '-rt 

i ^5s . 
i V.V 

'"*"" ". • -\£. 

; $ # > ; ' V -

height 

length 

breadth 

length-breadth index 

trigonid breadth 
• — • 

talonid breadth 

trigonid index ;t;.; 

talonid index 

height: mesial 

distal 

length: total 

" mesial 

distal 

breadth: total 

mesial 

distal 

n si/u 
/***:*»* ' *S3. 3S7 : 

3*1:**1l 1 1 1 *rs"%\ 'its' 
No. /06!No. /07|No. /05|No. /09,No. //0|No. / / / ff 

(4.5) 

11.9 

11.4 

95.9 

11.4 

11.4 

95.9 

95.9 

i _ 

10.2 

«... 

10.3 

— 

tf 

9.1? 

12.9 

" 13.0? 

100.7? 

— 

— 

— < 

—-< 

— 

I M 

'•{I 

' 

cT ' 

7.0? 

13.2? 

12.7? 

96.4? 

— 

— 

— ' 

— 

«--

I P X • 

**• 

*•* - A 

rf 

(5.0) p 

I2.6? 

12.9'" 

102.3? 

12.9* 

12.9 

102.3 

102.3 

*! — 

— » i 

•• I*I. »«•'«»>•*».• •»» 

"" —% " 

''" S"̂ " 

C^i*iOtf «W 

{ 

6.7 
12.5 

12.7 

101.3 

12.7 

12.7 

101.6 

101.6 

11.0 

: . 

11.3 -

—. 

f^&J 
(5.1) 

-12.6 

12.6 

100.0-

12.6 

12.4 

loo.o 

98.5 

- —, 

9.2 

* • * • 

10.2 

•• ^ 

i 

Average 

7.6 

12.6 

12.5 

100.0 

12.4 

12.3 

98.4 

98.3 

. *-•*>» *" i 

^ " " ? 

i 

f^?^B wmz j lag* A S?? 

Isolated Molars 
/^»Co itSncd /** I. 

No. 43 

9 

(6.4) 

12.8 

11.1 

87.1 

11.1 

10.7 

86.8 

83.8 

—• ; 

— 

. 1 

"- — 

- f ^ * * * * 

. . - > ' V W J 

7 
No. 44 

'• 9 

(6.8). 

13.1 

11.5 

88.0 

11.5 

10.9 " 

88.0 * 

83.3 ' 

— 

. — . 

- > , — - • 

No. 45 

_9 

(7.4) 

12.1 

12.0* 

99.3 

11.8 

12.0 

97.6 

99.3 

r 
) • 
^9.4 

- 9.5 

• 9.5 

7.7 

No, 138' 

cf ? 

(5.2) 

11.3 

11.5 

101.9 

11.5 

11.5 

100.7 

100.7 

16.0 

9.3 

3.9 

| 4.2 

-9.7 

9.7 

.7.2. 

Average 

- i -

/2.5 

12.1 

96.8 

//.9 

11.8 

95.3 

94.5 

i , 

s 
s mi 

'0^M 

r , - - \ - . _ . 

* " 1 > 

4MMM 
Cm ~ 
f 
| 

iy>V: 

5: 
p 

^ ^ ^ ^ ^ 



JVeu> S c r . . D W^c/^re fc f i i^Sman/ f i ropus Dcnfi/ion ( l) 8 3 

The root of the molars is very strong.' In most of the cases it is composed of an undivided portion forming 

the neoe part of the root (stem) and a divided portion represented by two branches, a mesial and a distal one (figs. 139 

<294), 141, 142). Black (1927a) when describing the first discovered Sinanthropus molar laid stress upon the fact 

that the undivided portion which he termed "corpus" is very high and especially developed on the lingual side. 

This feature, indeed, is characteristic for Sinanthropus molars. It depends upon the fact that the enamel of the 

crown descends deeper on the buccal than on the lingual side (figs. 139, 142; cf. also the section on taurodontism). 

In fully developed roots (figs. 141, 142, 307, 309, 314) it may be seen that the mesial branch of the root differs 

from the distal in so far as the former is lower, shorter (6, /) but broader (</)—cf. table of measurements above. 

The mesial branch is slightly curved toward the distal, while the latter straighter than the other, deviates distally. 

Whereas the distal branch ends with a single blunt apex, the mesial one bifurcates into two more or less separated 

tips (figs. 139, 141, 142, 147, m). Both branches show distinct depressions along the longitudinal axis of the 

mesial and distal sides, that of the former side being in most cases wider and shallower than that of the opposite side 

(figs. 139, 141, 147, 148, m). The depression of the mesial branch becomes deeper in apical direction toward the 

.bifurcation. In some cases (figs. 139, 142) a small third portion is again subdivided from the lingual apex. 

The neck part of crown and root shows two different types. One type is illustrated in figure 139, the other 

in figure 142. The first one is characterized by a distinct constriction of the root in the neck region with this pheno

menon accentuated by a strong projection of the four outer surfaces of the crown. In the second type the crown 

appears to be as a quadratic block showing the same robustness as the stem of the root. The block-like shape of 

the crown is for instance very pronounced in all three molars of the female mandible A II (figs. 180, 289). 

Although the block-shape is more distinct in cases with strongly developed contact facets, it does not depend entirely 

upon the latter but is a genuine character of the molar. Among the molar material at our disposal this block type is 

especially apparent in the small molars which probably belong to female individuals. 

The characteristic appearance of the Sinanthropus molars may best be understood by a comparison with the 

anthropoid molars (figs. 156-160, 181, 243, 297). Beginning with Dryopithecus (fig. 159) there is on hand 

.an excellently preserved germ which shows all characteristic features. This germ has been attributed as pertaining 

to Dryopithecus germanicus (rhenanus)—Trochtelfingen. In its general shape the molar corresponds perfectly to 

Sinanthropus standard type I given in figure 165, o in that there is the same oblong form and the trigonid much broader 

than the. talonid. The cusps are well developed; three of them occupy the buccal moiety of the chewing surface; 

the conditions of the lingual side, however, are not as distinct. A tubercle 6 is lacking with its space occupied by 

the entoconid but there is a distinct accessory cusp on the mesial border of the latter, seemingly a separated portion 

of it. Like in Sinanthropus the metaconid is the largest cusp followed by the protoconid. The hypoconid is the 

smallest cusp of the main cusps. The arrangement of the furrows exhibits in accordance with the size and arrangement 

of the cusps that pattern described above as characteristic for Sinanthropus and which Gregory termed the "Dryopithecus. 

pattern**. The resemblance between Sinanthropus and Dryopithecus goes still further, namely the cusps are covered 

by wrinkles arranged in exactly the same manner as in Sinanthropust differing in so far that the wrinkles are less numerous 

in Dryopithecus, apparently due to the inferiority in size of the cusps. Other differences concern the cingulum and 

its differentiation which, in some cases, especially in Dryopithecus darwini Abel (cf. Abel, 1931: fig. 89), it is true, 

is very well developed and then again completely lacking in other specimens (Dryopithecus germanicus, fig. 159). 

Furthermore, the trigonid portion of the molar is distinctly higher than the talonid. Instead of the triangular area of 

the trigonid peculiar of Sinanthropus the protoconid and metaconid are connected here by a bridge formed of 

two special wrinkles which encloses in conjunction with the mesial edge on the opposite side a deep pit. The 

distal end shows a similar structure with the mesoconid and entoconid united by such a bridge, also consisting of 
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two corresponding wrinkles. The mesial bridge has been designated by Remane (1921) as "the "anterior trigonid 
crest**, a determination which I consider to be incorrect (see below). « '; 

**V * * 
The molars of gorilla (figs. 157, 181, 297) have the same appearance as those of Sinanlhropus 'with regard 

to the general shape of the crown, the prevalence of the trigonid in size and the number and arrangement of the cusps'. 
The presence of a very distinct cingulum (fig. 181) has already been mentioned above. .However the cusps are much 
higher and more pointed than in Sinanthropus, in particular those of the trigonid which are much higher than those of 
the talonid. As to the size of the cusps there is an interesting variation; in some cases the metaconid is the largest 
cusp followed by the protoconid but occasionally the former is smaller than the latter and in such case, an accessory 
intermediary tubercle will often be found to be separated from its distal part (fig. 297, M2 and M3). In all cases 
the hypoconid is very small and of the same size as the mesoconid and the entocpnid larger than either of the latter. 
In some cases there exists a well developed tubercle 6 which must be considered as a differentiation of the distal wall 
bordering the chewing surface and representing the distal portion of the cingulum. As in Sinanlhropus this accessory 
tubercle is situated closer to the lingual than to the buccal moiety of the molar (fig. 297). Wherever the tubercle is 
lacking (fig. 157) there may be observed a well developed distal edge. In unworn molars the whole chewing surface 
is covered by* wrinkles.* ' The wrinkles show the same relation to the cusp as in Sinanthropus". They'differ in'that they 
are much'finer in relation to the size and height of the cusps and take a much straighter course than is the case in 
Sinanlhropus* -They also differ in the number allotted to one cusp, the" large ones having more' than three and the 
smaller'ones less'1 Occasionally the* wrinkles are pinnated,'a condition which corresponds to* the subdivision observed 
in Sinanthropus.* Reiriane (1921) called* attention to the fact'that the Winkles (accessory ridges) vary' considerably 
in the degree'of their development within the different races of gorilla by being very scarce in some and rather abundant 
jh other'(for instance in Gorilla'beringei).' The*mesial 'part of the trigonid region deserves special consideration. 
Remane describes the presence here of three 'transversal ridges.' 'The most' mesial one of them* is the mesial' edge 

(fig. J57) which forms an .arched connection between the protoconid and metaconid. Then follow two .straight bridges 
each of which is formed by two strong wrinkles emerging directly from the tip of the protoconid and metaconid* 

respectively. Both bridges are interrupted by a fine longitudinal fissure and between them there is a deep transversal 
fissure. Remane considers the mesial of the straight crests to be the *'anterior trigonid crest*', the distal one as the 
"posterior trigonid crest** and the fissure between them as the trigonid basin (fovea anterior). I consider the mesial 
edge proper to be the anterior trigonid crest, the mesial straight bridge the posterior trigonid crest, the pit between 
edge and bridge the trigonid basin and the distal straight bridge merely a secondary inconstant acquisition. I will 

return to this question below but nevertheless wish to refer the reader to my earlier discussion of the same problem 

involving the upper molars. . . i 
# • . . . r . r . . . . . • * • . * • « • - • * • . . . • • * 

The general shape of the crowns of the chimpanzee molars (figs. 158, 291) is the same as in gorilla and in 

Sinanthropus with the slight difference that in some cases the breadth of the tooth here is somewhat greater m 
relation to its length than in the latter two. The existence of a cingulum is manifested by a strong bulbousswelling 
of the basal part of the lingual surface. The cusps are well developed and pointed but much lower than in gorilla. 
Their size and arrangement is the same as in gorilla or Sinanthropus if five cusps are present in that the mesocomcj 
occupies the middle between the hypoconid and the entoconid. In some cases the metaconid is the largest cusp and 
the entoconid larger than the hypoconid or the mesoconid, thus resulting in the existence of a typical Dryoptthecus 
pattern, but frequently the protoconid and the metaconid on one side and the hypoconid and the entoconid on the 

other are equal in size, so that the Dryopithecus pattern changes into what Gregory and Hellman (1926/27) cal 
the cross or plus pattern. Such a pattern is present in the case illustrated in figure 158 in which, in addition, a real 
longitudinal furrow did not develop. As in gorilla and Sinanthropus the inner slopes of the cusps are covered by 
numerous wrinkles. They, as a whole, exhibit the same character as in Sinanlhropus with the only difference that 

•**£# £&• {1Safe i-.W X*&** --# • iSri&frt?J&wlivtf*b H'i&HV ;̂• ty A"*H'*>.* £H&&•• #> , 
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approximately'all those which belong to one cusp emerge'from its tip and then diverge.- In most of these case's 
there is one main wrinkle" and other take origin from this. Due to this arrangement the chimpanzee molar is more 
abundantly equipped with wrinkles than Sinanthropus or Dryopiihecus. As to the tiigonid area there is apart from 
the mesial edge only one bridge corresponding "to the mesial straight bridge of gorilla, the distal one is either missing 
or merely faintly indicated by two curved wrinkles. , .,.' .'A 

A comparison with orang molars is of particular interest because we are not only able to compare the 
Sinanthropus teeth with those of recent orang (figs. 243, b; 292) but also with those of a fossil orang of Southern 
China (fig. 243, a). The latter shows the typical appearance of the Sinanthropus and anthropoid molars. It is 
oblong and the trigonid distinctly broader than the talonid. The cingulum is restricted to the bulbous swelling on the 
Ungual 'surface: There are five, perhaps 6 cusps with the' sixth one seemingly indicated by a bifurcation of the 
longitudinal furrow in front of the distal wall. At any rate, there is a typical Dryopiihecus pattern with the metaconid 
being by far the largest of all cusps, the entoconid and the hypoconid perhaps of the same size. The cusps are 
high and well pointed and their inner slopes covered by wrinkles • the arrangement of which is the same as in 
chimpanzee. In the case of figure 243, a the molar is somewhat worn so that the wrinkles are only indicated by the 
abundance of the accessory furrows, but in other molars of more recent findings of fossil orang teeth, the wrinkle pattern-
is very distinct and characteristic. As to the trigonid region, there also is only one straight bridge between protoconid 
and metaconid which corresponds to the mesial straight bridge of gorilla. In the case of the first molar of figure 292 
and the third molar of the fossil orang illustrated in figure 179, it is quite evident that the distal bridge, occasionally 
so well developed in gorilla, must be a secondary formation. Since here in orang there exists one big bifurcated 

' wrinkle on each side, their mesial branches are provided with a crest and located at a higher level than the distal 
ones; in addition they are straight and meet each other directly. In contrast to this the distal branches of the bifurcated 
wrinkle are flat, curved and descend so that they never attain the character of being a connecting crest. . . . j 

The general appearance of the molar in recent orang (figs. 243, 6; 292) is the same as in the fossil type. 
The fact that the talonid is broader than the trigonid in the illustrated case, however, is not a rule. Incidentally, 
it occurs occasionally also in gorilla and chimpanzee, especially in the first molar. The cusps may be somewhat lower 
and less pointed than in recent orang. I also have the impression that the general character of the wrinkles shows no' 
essential difference?.and that they are more abundant and finer in recent orang than in the fossil one.' However,- there 
is a' distinct difference in respect to the trigonid region in that in recent orang three bridges are present (fig. 243," o},* 
the mesial edge and in addition a narrow mesial straight bridge and.a large distal one distinctly composed of two 
extensively curved wrinkles* " - »• r • - ; * 

•'•- V - The first lower molar of Australopithecus (fig. 156) follows the general plan of the anthropoid and Sinanthropus 
molars, with the exception that die trigonid is somewhat narrower than the talonid (compare figures given by W. Abel, 
1931, in his table 7) and that the metaconid has the same size as the protoconid, two phenomena which also occur 
occasionally in first molars of all anthropoids and Sinanthropus. Apart from this, however, there are six cusps 
widi three on each moiety, tubercle 6 being well developed and separated by deep fissures from the entoconid as* 
well as from the mesoconid. The cusps are well developed and lower and less pointed than in gorilla.' In all 
these respects the resemblance to die Sinanthropus molar (fig. 165, o) is \ery striking. Like in the latter the cusps-
are covered by wrinkles but these structures are very coarse and not as abundant as in Sinanthropus and in the other 
anthropoids, thus are closer in resemblance to the wrinkles of Dryopiihecus (fig. 159). The trigonid region reveals 
only two bridges, the mesial edge and a distal one formed by the entire slopes of the protoconid and. metaconid .̂  
A buccal cingulum and its differentiations including indications of stylar cusps are well marked on the buccal side. ;s 

In regard to the roots of the anthropoid molars, their general appearance is in spite of differences in size,' 
at least as far as gorilla and orang are concerned, the same as in Sinanthropus. It therefore fully explains the fact: 
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that in the latter the stem of the root, that is,'Us undivided part (see above), is higher on the lingual tha ' V 
buccal surface. In gorilla," orang and chimpanzee the same conditions may be found. The r a f " L 

•a peculiarity is the fact already mentioned above that the crown or better the enamel descends c o n s u l y V 
on the buccal than on the lingual side, probably as a consequence of the special manner in which the molar is placed 
within the alveolar process of the mandible. The other peculiarities found in Sinanthropus, namely that the dis al> 
branch of the root deviates and js straighter, higher, longer but narrower than the mesial • branch, while the latter^s 
slightly curved and ends in two tips, may be observed very frequently in gorilla (fig. 146, e). They ar 1 
pronounced in chimpanzee (fig. 146, o) and orang. The relation between crown and root will be treated in the 
chapter on taurodontism. . . . 

This survey on the lower molars of the anthropoids, recent and fossil, demonstrates very strikingly that the 

molars of Sinanthropus exhibit distinct anthropoid characters. As such the following peculiarities may be listed: 

Is The length is greater than the breadth, t, ,;•,-•% t £'?\££> > *•• • ;*, 

2 . The trigonid is broader than the talonid. 

3 . The buccal surface is provided with a cingulum or its differentiations; in addition, the enamel descends deeper 
. -s T' on the lingual side. 

4. There are six, respectively five cusps in the former case with three occupying the buccal moiety and three the 

»*" lingual one. * " 

5 . The metaconid is the largest cusp, the hypbeonid in some cases smaller than the entoconid. * tf pv 

6. The arrangement of the cusps shows a typical Dryopithecus pattern. »:Vc ', i 

7. The inner slopes of the cusps are covered by wrinkles in typical position and development. • - •» 

8. The distal branch of the root is deviating, .straighter, higher, longer but narrower than the mesial branch which 

ends into two- distinct tips. 

* The only difference between Sinanthropus and the anthropoids concerns the formation of the trigonid region, 

that is to say, the trigonid ridges. This region in most of the Sinanthropus cases is characterized by a triangular area 

bordering the mesial edge and intercalated between the slopes of the protoconid and metaconid and by the absence 

of any elevated bridge connecting these cusps in a direct way. In all anthropoids there exists apart from the 

mesial edge such a second ridge which rises to the same level as the former and is separated from it by a deep 

fissure or pit. In gorilla there is even a third bridge parallel to the second one. However the first mentioned 

condition does not occur in all specimens of Sinanthropus, in some cases also the second eventuality is realized as in4 

figure 163 and partly in figure 166. This fact proves that the difference in that feature cannot be a fundamental one. 

The question is only which pf the two or three configurations must be considered as the more primitive one. 

Remane (1921) in taking the feature of the gorilla molar described above as typical for anthropoids, identifies 
the second bridge with the original anterior trigonid crest and the third with the original posterior trigonid crest. 
That author derives from the special appearance of the second milk molar of gorilla, in which according to Ad off 
(1908) the paraconid should have been retained, the interpretation of the special conditions of the permanent molar. 
I am not convinced of the correctness of such a conclusion. It is no longer necessary, however, to make use ot e 
milk molar of gorilla when searching for a primitive tooth type for comparison. For the deciduous molars o 
Sinanthropus show the paraconid and the system of the trigonid crests much more distinctly than even those pt gon 
(see below). The second milk molar of Sinanthropus (No. 139') illustrated in figures 343 and 344, b m which m 
trigonid is best developed reveals that the posterior trigonid crest does not at all have its beginning at the tip 

I the protoconid but at the end of the d.stal main ridge, immediately at the boundary between the 1 * ^ ^ 

" ' hypoconid, while on the lingual side it directly meets the tip of the metaconid. The same is true tor 



V'Jf 

Weil) Ser. D & (SB ^c/Jenrcic7,;-S/nanifcropas.Den/i7/on (l) 87 

•ingomd crest which likewise'does not start from the tip of the protoconid proper butfr6m the mesial end of the main 
ridge and is therefore undoubtedly identical with the mesial edge bordering the trigonid basin. It is evident that this 
arrangement is the most primitive because it is found!to exist in the same .way already in the molars of Eocene 
prosimians (cf. fig/344, a and Gregory, 1922).-. • * • • r -o 

A comparison with the conditions of the real trigonid crests shows that neither the second nor the third ridges 11 
found in permanent molars of the gorilla (see above) correspond exactly to the trigonid crests because both start from' 
the tips of the protoconid and metaconid. The only connection which corresponds most to the moot primitive condition' 
is the mesial edge which may therefore be identified with the original anterior trigonid crest. It seems to me to be very 
probable that both distal bridges, namely the second and third one,Qjiej>f secondary^iaturej a possibility already con- . / 
sidered by Remane. Parapithccus which by the majority of authors is regarded to be the most primitive anthropoid does 
not reveal any distinct direct connection between its conically formed protoconid and metaconid. A bridge is feigned 
here by these cusps- located so closely together as to cause their convexities to be in direct contact for a long way. 
The conditions in modern gibbon (fig. 160) give a good idea of the original arrangement of the cusps. These 
facts also shed some light on the peculiar feature of the trigonid area in Sinanthropus molars. I am inclined to 
consider the triangular area and the absence of any direct connection between the protoconid and metaconid as Ihe 
real primitive stage as far as anthropoids are concerned, and the presence of one or two bridges merely as secondary 
acquisitions in spite of their occupying the region in which the persistence of the distal trigonid crest could be expected* 
This opinion is confirmed by the special formations of those bridges in the molars of Dryopithecus, Australopithecus 
and fossil orang in which they represent only coarse wrinkles on the slopes of the cusps concerned. The third bridge 
identified by_Remane_as the distal trigonid crest is in any case a jecondary formation and thus is in no way connected 
with that special_j>tructure.' r ~ | „ ,» . ... J •. .,ti\'-; 

\ When comparing the Smanthropus molars with-those of recent man (figs. 143, 162, 169, 293) the difference 
which strikes the eye first is the disproportion apparent in recent man between the stoutness of the crown and the 
root, with the former being relatively large and stout and the root small and feeble, while in Sinantkropus the latter 
at least shows the same degree of development in all dimensions or may even be stronger than the crown (compare 
figs. 139 with 143 or 162 with 142). As has been described above the crown itself in recent man is high in relation 
to its length and breadth. There is no cingulum, neither is there any indication of its differentiations even though 
the fissures separating the cusps are well developed on the buccal surface. The stronger convexity of the latter when . 
compared with the lingual Surface apparently must be considered to be the last remnant of that structure. The most 
characteristic differences, however, concern the chewing surface. Being unable to discuss here all its possible variations, 
the reader is referred to the publications of de Terra (1905), Adloff (1908), Bolk (1914), de Jonge-Cohen (1920), 
Lenhossek (1922), Gregory and Hellman (1926) and Hellman' (1928). The cases illustrated in figures' 143, o; 
162 o' and 169 the first two of which represent copies from Lenhossek's types which he considered as specific 
for first and second molars at least of recent Europeans, reveal the essential features. As to the number of the cusps 
there is clearly a tendency in recent man to reduce the number of cusps from six or five to only four (figs. 152 and 169). 
Connected with this process is the decrease of the trigonid in length as well as in breadth and the increase of the 
talonid with the result that the latter becomes prevalent or at least equal in size. The length of the entire molar has 
thereby become shortened and its oblong shape changed into a quadratic one. Of the cusps the mesocomd is the 
first to be affected and has been lost completely in the quadratic type due to its assimilation by the hypoconid. 

i TTie metaconid also undergoes a considerable decrease in size, so that it becomes equal to the protoconid As y y 
consequence of these-changes the original Dryopithecus pattern is finally replaced by a cross pattern with quite . 
consequen remaining cusps which, all having acquired the same size, are placed exactly 
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arrangement which is typical for recent man the "plus" pattern. But even in the plus pattern the metaconid may 
be in contact with the hypoconid by means of a narrow wrinkle crossing the intersection of those furrows seemingly 
characteristic for'the molars of the Neanderthal group (see below). 

Since we are dealing with a progressive process of reduction taking place in recent man, its different stages 

may still be recognized. Hellman (1928) distinguishes four phases: Phase 1 exhibits the typical Dryopithccus 

pattern, in phase II the furrow separating the mesoconid from the hypoconid has been lost whereas the remainder 

of the pattern is unchanged, in phase III the metaconid is so reduced in size that this cusp is no longer in contact 

with the hypoconid even though five cusps may still be present, and finally phase IV in which the typical cross form 

is represented, that is to say, the. "plus pattern** with only four cusps. The first molar is the least affected by this 

process of reduction and the second the most. Moreover, there are great racial differences in the frequency of their 

occurrence which are of special interest with regard to the phylogenetic significance of the reduction in question. 

The following figures were taken from Hellman's tables. They show the percentages of phases I and IV for each 
molar and for individual races. -;vy.j r > > . l • 
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It follows from these figures that the first molar has preserved the original pattern best but nevertheless already 

shows the beginning of a reduction, at least in the white races. The second molar is affected most as far as the 

white races are concerned where almost all teeth show the plus pattern, while in Negroes and Mongols the 

percentage of .the plus pattern, although quite high, is much lower than in the Whites. Within the Mongol groups 

the reduction of Ms is greatest in the Chinese (81% plus pattern), while the Eskimo show the lowest figure 

(50%). As regards Negroes and Australians it is worthy of note that the American Negroes exhibit a lower 

percentage of the plus pattern in Ms (49%) than the Australians (52%). The first molar has preserved the 

Dryopithecus pattern in all these cases, with the exception of the Eskimos and American Negroes where there is a 

slight decrease (97% and 98%). The peculiarity that the plus pattern (phase IV) is less frequent in Ms may 

depend upon the fact that the third molar is, as a whole, much more" reduced in size than the second one and that 

the pattern itself is very irregular (see below). 

'Hellman's figures for. the first molar are somewhat In contrast to Bolk's (1914) statement. Bolk claimed to 

have found a combination of four cusps in all three molars in 13.9% of his European material. For the second molar 

of Chinese Montelius (1933) also arrived at different figures from those of Hellman; he found five cusps in 56% 

and Sullivan (1920) arrived at 76.8% for Tarascan Indians. The cause for such discrepancies, although irrelevant 

to' the problem, is that Hellman refers to the arrangement of the furrows and the other authors to the number of the 

cusps which, of course, is not quite exactly the same. «Ji 
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On the other hand six cusps have also been observed in recent man but they seem to be extremely rare 
(cf. de Terra, 1905 and de Jonge-Cohen, 1920) and concern almost exclusively the third molar which should better 
be left out of consideration on account of its irregularity in general. Such a well developed "tubercle 6" is present 
in the first molar of a Japanese child illustrated in figure 293. This sixth cusp occupies as in all other related cases 
the same place as in Sinanthropus. 

Another peculiarity characteristic for recent man is the smoothness of the chewing surface. The inner slopes 
of the single cusps generally show only a faint elevation along their middle axis coursing from the tip to the crossing 
point of the main furrows but there are no distinct accessory ridges either in germs (fig. 169) or in freshly erupted 
teeth (figs. 143, o; 162, o). There are very important exceptions, however, which unfortunately have hitherto not 
been given sufficient attention. In some cases of recent man (see below chapter on wrinkles) the wrinkles are very 
marked, resembling in all their details those of Sinanthropus to such an extent that no differences can be found to 
exist between these two in this respect. Figure 170, a and o, represent two molars of palaeolithic man of the 
"Upper Give** of Choukoutien and figure 171 the first molar of a prehistoric Northern Chinese (No. 157). 
Whether the wrinkles are actually more pronounced in palaeolithic man than in a more modern man as suggested by 
these type specimens is impossible to ascertain because of the insufficiency in material of the first mentioned type. 
In regard to present man I gained the impression from the material at my disposal that in teeth of Chinese, Japanese 
and Malayans the wrinkles are much more numerous and much more developed than in white races. Thus, it 
should prove to be of interest to make more extensive investigations in order to be able to decide as to how much 
of this presupposition is correct. In the case of the first molar of a Japanese child illustrated in figure 293, for 
instance, there are some characteristic wrinkles. 

As already mentioned above the roots of the molars of recent man are very feeble when compared with those 
of Shumthropus (figs. 143, 162). This is especially true for the two branches which taper off from the stem to 
the apex. As a rule both branches ate equal in height and development and more or less curved toward each other. 
The mesial branch occasionally ends with two tips. It is interesting to note that in recent man the enamel also 
descends deeper on the buccal surface of the stem than on the lingual but the difference is not as pronounced as in 
Sinanthropus. However, the variation outlined for the number and arrangement of the cusps and the abundance 
and development of the wrinkles also applies to the appearance of the root. In some cases the root is as strong in 
relation to the robustness of the crown as in Sinanthropus and its distal branch is at the same time somewhat higher, 
longer and straighter than the mesial one. In figure 146 there are illustrated three first molars showing these features: 
a is the tooth of the Palaeolithic man of the "Upper Cave** of Choukoutien; b pertains to recent Australian Aboriginal 
and c to a recent Eskimo, all three probably belonging to female individuals (compare fig. 142). 

Crown as well as root of the lower molar of recent man show with undoubted certainty that they have to be 
traced back to the Sinanthropus molars. They represent a very simplified and reduced type of the former. Their 
smoothness and plain pattern, therefore, is in no way a primitive one as some authors believe, but rather a secondarily 
acquired pattern in the course of evolution. The correctness of such an interpretation is proven by two facts: 
first, the occurrence of variations in the general details of features in Sinanthropus on the one hand and those of 
recent man on the other which almost form a continuous line linking one type with the other; second, the conditions 
of the molars of the Neanderthal group. The general opinion is that the molars within this group are so recent human
like that there should practically be no essential difference. This judgement was based in particular on the appearance 
of the molars of the Heidelberg and Spy mandibles. Unfortunately, especially these teeth are so worn that only 
their general characters may be discerned. As to the Heidelberg mandible (fig. 301, d) the first molar is almost as 
broad as long (index—see below—after Schoetensack 96,6) but more important is the fact that the trigonid is narrower, 
than the talonid. All three molars have five cusps. However, there is no indication of the presence of a real 
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'iase Dryopithccus pattern but in its place there, may be, observed'a "plus pattern** which corresponds'to Hcllman's p[ 
III as figure 152 reveals, that is to say, the mctaconid shows the same size as the protoconid. Nevertheless, the 
mctaconicl is in contact here with the hypoconid by means of a special wrjnkle crossing the intersection of the furrows 

*•¥>* 
Jescrived above in the case of Sinanthropus molar of figure 147, o. As to the wrinkles, the special pattern of the 
furrows (fig. 152) seems to indicate that some accessory ridges must have been .present. On the other hand there 
is no indication of a cingulum unless the deepened end of the outer furrow separating the protoconid from the hypoconid 
is taken as a faint remnant (see above). Essential differences from recent man with regard to the size or to the special 
appearance of the root cannot be found. 

The molars of Krapina man are of special interest because they have,been the object of a lengthy and vivid 
debate between Gorjanovic-Kramberger (1906, 1907, 1910) and Adloff (1907, 1908,. 1909, 1910). The questiorj 
concerning the special character of the roots of these molars will be discussed below in the chapter on *'taurodonti«m.'* 
According to Gorjanovic-Kramberger (1907) the lower molars of Krapina are characterized as primitive by the fol* 
lowing.peculiarities: ^ i J, «„,•, ,« $ y ^ j 

1. the presence of four and one half cusps in M* in a very high percentage; 
2. the presence of wrinkles; 
3 . the presence of a closed fissure (fovea anterior) in the trigonid region; ; 'V*' 
4. the direct continuation of the buccal furrow separating the protoconid and hypoconid in the corresponding furrow 

of the root. ,y> *. 

urrenre • Gorjanovic-Kramberger gave the following results for the first occurrence: 

r ; .v Vt • " 5 cusps 4 cusps 4£ cusps *'•:, •"*• •&&*>*' 
r ' ; - V \}A M. . 75% c . 8 % - |7% <fc 

, ^ # ^ f?V; "Ma *$ 9% 4 5 . 5 % ' ^ 5 . 5 % : J V & J # • 
' »•-•7 : .v?t^v . Mj. variable , — —. , 

By the term 4 h cusps that author understood that a mesoconid is present but more or less reduced in size, so that 
the molars within this group also practically possess five cusps. This means that in 45.5% five cusps are discernible 
instead of four. As is revealed by the .corresponding figures for recent man given above, there actually is a difference 
only between Krapina and modern European but none between the former and other races (Chinese 56% aftet 
Montelius, Tarascan Indians 76.8%). mt Gorjanovic-Kramberger omitted to refer to the proportions of the crown and the. 
arrangement of the cusps. But figure 150 representing a copy of the first molar considered as typical by him (G-Kr s 
Plate XIII, fig. 5) demonstrates that the trigonid is slightly broader than the talonid and that the metaconid has about 
the same size as the protoconid. The Dryopithccus pattern as far as the arrangement of the furrows is concerned has 
been lost but a wrinkle descending from the hypoconid is still in contact with a corresponding wrinkle of the mctaconid,. 
Apart from this, the wrinkles are very well developed and show such relations to the cusps which must be considered, 
as being specific for anthropoids' and Sinanthropus, The configuration of the mesial edge and adjoining parts has. . 
been described by Gorjanovic-Kramberger as closed fissure identical with the fovea anterior. Indeed, it corresponds 
perfectly to the feature of the Sinanthropus standard type I (compare fig. 165, o). The fourth peculiarity of the 
Krapina molar will be discussed below in connectioi with a similar feature in other Neanderthal molars. 

As to the molars of the Mousterian youth Gregory (1922) stated that the Dryopithccus pattern undergoes a 
progressive obliteration proceeding from Mi to Ma although the plus pattern itself is not fully attained. In figures 
154 the first (a) and the second (b) molars of this Neanderthal type are illustrated. As already noted by Gregory, 
it is also characteristic for these teeth that the trigonid is narrower than'the talonid and the entire tooth—especially 
Ma—very broad in relation to its 'engirt.; Ms exhibits a clear plus pattern (Hcllman's phase III), although five 
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(perhaps*even six) cusps are present, the metaconid being'smaller than'the protoconid but the -metaconid still In 

contact with the hypoconid (see above). In Mi the conditions are not so distinct on account of the' relatively high; 

degree of attrition; however the arrangement of the furrows led me to believe that six cusps may have been" present.-

The area of the fovea anterior presents in both molars the same aspect as in the Sinanlhropus molar of figure 163, 

that is to »ay, the fovea is represented by a deep transversal fissure bordered on its distal side by a ridge-like connection 

of the paraconid and protonid. Moreover, it is remarkable that the second molar is larger than the first. 

The molars of the Ehringsdorf child (figs. 15] and 167) have been very thoroughly described by H . Virchow 

(1920). The second molar is like in the Mousterian youth larger than the first. In both molars there are five cusps 

and the trigonid is narrower than the talonid. The metaconid shows the same size as the protoconid, the former being 

wider, so that when superficially considered the plus pattern (phase III) seems to exist in both molars, but in both teeth' 

there is a small projection of the hypoconid intercalating between the protoconid and entoconid and meeting the meta

conid like in all other cases of the Neanderthal molars. Virchow called attention to the occurrence of a very minute 

cusp-like elevation within the groove separating the hypoconid from the mesoconid and present also in the TaubachT 

molar (fig. 153, o). Although the second molar is rather worn there is no doubt that there must have been many 

wrinkles, the general and special arrangement of which was apparently similar to that in Sinanlhropus.' The configur

ation of the area of the fovea anterior is exactly the same as in the Mousterian molars. A cingulum is'not clearly 

indicated; Virchow, however, reports that the buccal surface of the first molar is more curved than in recent man and' 

projects bulb-like near the base of the crown. 

The Taubach molar (fig. 153) described in' detail by H . Virchow (1917) resembles according to that author 

the Ehringsdorf molars so close that it is not necessary to outline the single details here. As a comparison of figure 153 

with 167 shows there are indeed rio essential differences in any of the features. One fact, however, is worthy of note, 

namely, Nehring who first described that tooth (1895) called attention to some peculiarities on its buccal surface which* 

he considered as specific anthropoid (chimpanzee) characters. Virchow found them also in the Ehringsdorf child-

The features in question are a mesial and a distal furrow which cut in deeply between the protoconid and hypoconid 

(fig. 153, 6) and the hypoconid and mesoconid, respectively, and fine stroke-like depressions on the mesial moiety of 

the buccal surface of the protoconid. The anterior furrow continues downwards toward the root and separates its stem 

also up to the point of bifurcation (fig. 153, o, o). This is apparently the same phenomenon as the one described by 

Gorjanovic-Kramberger characterizing the Krapina molar (see above, item 4). In Sinanlhropus the peculiarities in 

question are typical and in some cases much more developed than in the Neanderthal molars as is evident in figure 139, 6. 

As shown above, these features have to be considered as differentiations of the cingulum and the stylar cusps' which-

frequently are particularly pronounced in the molars of gorilla (fig. 181). Nehring was correct in his assumption in 

• so far that he considered these structures of the Taubach tooth as pithecoid, that is to say, chimpanzold, but there 

are no other features which this tooth shares in common especially with the chimpanzee and thus represents .a genuine 

Neanderthal molar.. , -

The two molar germs, the first and second (figs. 149 and 168) embedded within the mandible of the Gibraltar 

child (compare Buxton, 1928) as a whole resemble very closely the other molars of the Neanderthal group despite 

some significant differences in certain details. Both molars not only have five well developed cusps but in Mgj i e 

tubercle 6 is strikingly large. In addition, the trigonid of M t has about the same breadth as the talonid. The 

Dryopilhccus pattern has been lost and replaced by a typical plus pattern conforming to Hellman's phase III, but in 

this case also there is a clear connection between the metaconid and the hypoconid by means of a wrinkle continuing 

from the latter cusp (fig. 149). In both cases the wrinkles are well developed and show all characteristic features. 

The configuration of the region of the fovea anterior here is also of special interest because both molars display the 

same pattern as the Mousterian and Ehringsdorf molars and thus resemble he Sinanlhropus pattern of figure 163, 
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In all other cases of molars within'the Neanderthal group the teeth are so worn that the special details are.no 
longer discernible. According to Gorjanovic-Kramberger the first molars of the Spy mandible possess five cusps but 
the second and third only four. 

" . ' As to the roots of the molars of the Neanderthal group there is no doubt that they are much weaker th 
Smanthropus. Even in the extraordinary robust Heidelberg mandible the roots of the molars (fig. 315) are much 1 
developed than in Sinanthropus and in addition do not show the peculiarities characteristic for the latter (cf. problem 
on taurodontism below). While Gorjanovic-Kramberger (1910) and-H. Virchow (1920) describe the branches of the 
roots as being in parallel position Adloff (1909) contends that they diverge, a statement which is not quite correct 
(compare fig. 315 and Schoetensack's plate 9, fig. 32). ' The roots of the Krapina molars, in so far as they do hot* 
represent the so-called prismatic root (see" below), do not differ from those of recent man when taking Gorjanovic-
Kramberger's skiagrams (1910, plate 3 , figs. 2 and 3) for comparison. In one case*(Mi G.-Kr.'s fig. 3) the'distal 
root is straight and considerably longer than the mesial one as may also occur occasionally in recent man (see above). 
The molar roots of La Quina showi according'to H . Martin's skiagram'(reproduced here'as figure 237) ho essential 

differences from those of recent man, except again the taurodontism. H . Martin (1923) lvmself remarks, however,-
that the mesial branch of Mi is lower than the distal one and that the mesial branch of M2 is again subdivided into 
two small branches. The roots of the molars of the adult Ehringsdorf mandible present, as H. Virchow'(1920) 
himself had noted, a pithecoid aspect with the distal branch being in straight line, while the mesial one'slightly curved 

toward the tip of the former, but the skiagram reproduced here as figure 238 fails to confirm this observation. .'. 

The preceding estimation of the molars within the Neanderthal group shows that they hardly differ essentially 
from those of recent man in regard to such features which characterize the Sinanthropus molars. 'The only essentiaV-
difference consists of the abundance of the wrinkles in the former but even this is not at all a fundamental one,-
because molars with well developed wrinkles are hot infrequently found even in recent man (see above). Oh the 
other hand some "variations in the appearance of the Neanderthal molars link recent man with Sinanlhropus as correspond
ing variations also occur in the latter, for instance the presence of six cusps and their arrangement, especially the 
connection between the metaconid and the hypoconid in spite of the existence of a plus pattern, the special configuration 
of the region of the fossa anterior, the indication of a cingulum manifested by the relief of the buccal surface and the 
differences between the mesial and distal branches of the root. The mosj specific peculiarities of the Sinanthropus 

molars, however, are entirely absent in the molars of the Neahderthal group, and this fact proves that the former is 
much more primitive and much closer related to the anthropoids than the latter. Other related questions will be deal* 
with below. -•'-**> ' • •• '„ 

§ f £ M ? ^ ' K / ; Third mo/or'(fig*. 172-177, 180, 283-285,' 287, 289, 295, 296, 340). ? ^ ^ f $ % | g 
The third lower molar of recent man is a very characteristic tooth because of its great variability which makes 

a precise definition of its typical features rather difficult. Since such an inconstancy is also true for Sinanlhropus to 

a certain extent, it facilitates the determination of a given molar as being the third one when found as an isolated tooth. 

•. - In the material at our disposal there are four molars in situ (figs. 172, 173, 174, 175, 180, 283-285) and six 

isolated, that is a total of ten molars. Most of these are more or less worn but three are completely .ntact w.th two. 

representing germs (figs. 176 and 177) and one (fig. 340) an immature tooth which has just erupted. As to the sex, six 

or seven molars represent the large type and therefore must be considered as probably belong.ng to male mdmduals, 

and the remaining ones to female. 

Like in the other two molars the crown is very low in relation to its length (fig. 340, o, /) and breadth 
and as is true of the other, the buccal surface strongly sways in lingual direction (figs. 177, m, </, o; 180; 340, o) 
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much more than the lingual surface towards the opposite direction. This condition produces a bulbous projection of 
the basal part of that surface which must be taken to represent the remnant of a cingulum (compare fig. 180 M3 with 
ng. lol). the existence of the cingulum furthermore is manifested by the development of the S-curved indentation 
described above as characteristic for the first and second molars. This feature is in some cases more pronounced on 
the buccal surface of the protoconid (fig. 176), in other more on that of the hypoconid (figs. 172 (280) and 177). 
In all cases, however, the furrows separating' the cusps in question on this side are very deeply impressed ending 
downward in a fine pit and diverging upwards so that the entire feature resembles that of slylar cusps. In the molar 
illustrated in figure 340, 6 the furrows on both sides of the hypoconid show this peculiarity very distinctly. The 
cusps are well developed, the buccal ones being slightly higher than the lingual. Their number varies: in the case 
of figure 340 there are five cusps; but in contrast to the typical feature in the other, molars the protoconid is by far 
the largest cusp; the metaconid is very small and of about the same size as the mesoconid; the entoconid is very long; 
whether its distal portion which is separated from the main part by a distinct depression and provided with a special 
tip (/) is to be considered as equivalent to a sixth tubercle is difficult to say. The pattern formed by these cusps is 
neither a Dryopithecus pattern nor a plus pattern because of the extensive contact between protoconid and entoconid. 
All cusps are covered by wrinkles in their characteristic arrangement. The region of the fovea anterior shows, exclud
ing the mesial, edge, only one strong wrinkle on the buccal side but there is no special elevation on the lingual one. 
The crown is oval with the trigonid narrower than the talonid. 

In contrast to this molar the one presented in fig%ure 176, o (295) offers quite a.different aspect in regard to 
the shape of the crown and the pattern of the chewing surface. The tooth is almost quadratic with the angles rounded 
off; the trigonid slightly broader than the talonid occupies a much larger area than the latter. There are only four 
cusps, with the mesoconid missing altogether. The metaconid is by far the largest cusp, almost as large as the 
protoconid plus the hypoconid, while the entoconid is represented only by a separated minute tubercle. The cusps 
are not high but well developed and covered by abundant wrinkles at their typical location. The configuration of 
the region of the fovea anterior is the same as in the first and second molars described above as characteristic, that is 
to say, only the mesial edge is developed while a real fossa is absent. There is a typical Dryopithecus pattern even* 
though there are only four cusps, present. -—-

The molar presented in figure 177, o resembles the one just described very closely* with regard to the general 
shape of the crown, the abundance of wrinkles and the configuration of the region of the fovea anterior.. But there 
are some interesting differences, namely the trigonid is slightly narrower and shorter than the talonid, the metaconid is 
of the same size as the protoconid and the hypoconid is like the entoconid; in addition a small mesoconid is,present. 
Furthermore, it shows a typical plus pattern (Hellman's phase IV). - . - J 

The remaining molars among our collection, more or less worn, range between one extreme such as is represented 
by molar in figure 340 and the other in figure 177. In the cases illustrated in figures 173, b; 174, 175 and ihe 
recently recovered molar No. 136' (not illustrated) the trigonid is clearly broader than the talonid, with the teeth 
getting narrower toward their rounded off distal ends. As much as can be .judged from the arrangements of the 
furrows, if not completely affected by attrition, there have been five cusps present in all these molars and also in the 
molar No. 134' (not illustrated). But the special patterns vary. In this regard figure 173, 6 corresponds to figure 
176, figure 175 to figure 177, the molar No. 134' and 136' to figure 340;' the pattern of figure 174 indicates the 
protoconid and metaconid being of the same size and the mesoconid present. A typical Dryopithecus pattern does 
not exist in any of those cases, the metaconid corresponding in size to the protoconid or being even smaller. Therefore 
the prevalent pattern is the plus pattern. In all instances, however, there must have existed a great" abundance of 

rinkles. Besides, the characteristic differentiation of the cingulum is likewise indicated in all cases (cf. figs. 173, 
wrinkles. 
174), 
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The roots of all the third molars in'our collection in so far as they are sufficiently developed show a distinct 

tendency towards fusion. The root illustrated in figure 172 represents the least advanced stage with the mesial 

and distal branches still partly separated and distinguishable as such by deep furrows which are more marked on the 

lingual surface than on the buccal one. Like in the entirely separated branches the mesial branch is much thicker (m) 

than the distal one (d) and terminates into two distinct tips. Figure 173, a, shows the arrangement of these branches 

viewed from below. The whole root is slightly bent distalwards. In the neck region there is only a slight constriction 

(compare also fig. 180). The immature root represented in figure 340 is much more fused than that in the former case, 

the primary division being indicated only by a deep furrow on the lingual side (1). In this case the crown is in all 

dimensions larger than the neck of the root and the entire root is strongly bent distalwards. In molars No. 134' there are 

longitudinal furrows on the buccal and lingual side and in the molar No. 136' as in figure 340 only one on the 

latter side. In both these cases there is only one blunt tip with very slight impressions representing the end of the 

corresponding furrows. 

l$0v TABLE XXI tf$ 

Measurements of third lower molars 

crown 

root 

Moh 

?..\*;$r \k \>V3 v.y 
;?:^^<i,-'^# 

height : 
length 
breadth 

lengtli-breadth index 
trigonid breadth 
talonid breadth 
trigonid index 
talonid index 

height 
length 
breadth i*$ 

irs in situ , 
mim 

& 
114 

l%t j 
(3.8) 
10.0 
10.0 

100.0 
10.0 
9.3 

100.0 
93.0 

11.6 
8.7 
8.6 

*?f\ 
No. 
115 
cf. 

(6.0) 
12.9 
12.4 

96.1 
12.4 
12.1 
96.1 
93.8 

11.4 
10.7 

nfiTm 

No. 
116 i. 

" 
(4.8) 
12.0 
12.3 

100.0 
12.3 
11.6 

100.0 
94.4 

15.5 
11.3 
10.0 

No. 
" / /7 

9 

\ 
— 

10.0 
10.2 

102.0 
— 
— 
— 
"~* 

__ 
— 
•~~ 

Isolated molars 

fotem€ mmt -_>is 
No. 
50 
cf 

(5.3) 
13.8 
11.8? 

85.6? 
11.8 
— 

85.6? 
—• 

—. 
~ • " 

No. 
51 

* 9 

7.0 
12.2 
12.1 

99.4 
12.1 
11.7 
99.4 
96.7 

— 

No. 
52 
cf 

6.7 
12.2 
11.4 

93.6 
11.4 
11.5 
93.6 
94.4 

, 
— 
,——' 

No. 
131' 
cf? 

7.0 
12.7 
10.8 

85.3 
10.3 
10.8 
84.5 
85.3 

i 

10.1 
9.1 

• , . 

No. 
134' 
cf. 

(5.0) 
10.6 
10.7 

100.6 
10.7 
10.6 

100.6 
100.0 

13.0 
8.1 
8.6 

« 

• 

No. 
136' 
cf 

(4.3) 
10.9 
10.8 

99.2' 
10.8 
10.8 
99.2 
99.2 

13.6 
9.1 
9.9 

. . . ' 

Average 

6.9 
11.7 
11.2 

96.2 
11.3 
11.0 
96.6 
94.2 

______ 

• v ; f * A ' Form and size of the third lower molar also show a great variability in anthropoids. In gorilla the tooth is 

mostly larger (longer and broader) than the second molar as is evident from the three molars in figure 297. But 

there are also cases in which the third molar is the smallest, even smaller than the first one. The extent of the 

variation in form and size is revealed by the six third molars given by Remane (1921) as figure 7 a-}. All teeth 

there, with the exception of one, have in common that the trigonid is broader than the talonid, the .latter part being 

rounded off toward the distal end, so that the form of the tooth more or less becomes triangular. Occas.onally 

however the molar may be quadratic with all angles rounded o(f. In the number and size of the cusps there is no 

distinct difference between the third and the other molars. If the tooth is reduced in size, then all cusp< are 
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proportionately reduced.' The mesoconid which occupies the middle line in the first'molar has shifted'buccal ward. 

Nevertheless, the Dryopithecus pattern may become indistinct and the metaconid be of the same length as the protoconid:. 

In chifnpanzee* (compare Remane's figure 8) the variation of size and form of the third molar is the same as 

in gorilla with the quadratic types prevailing in the former; the trigonid is only slightly broader than the talonid or 

of about the same breadth' as the latter. A Dryopithecus pattern is absent, metaconid and protoconid being of the 

same size, in most of the cases. The position of the metaconid is also variable. . , 

In the orang (fig. 179) it is not so much the size but rather the form that constitutes the difference between 

the third and the other molars. The third molar may occasionally be elongated, decreasing at the same time distally 

in breadth' so that the trigonid represents by far the broadest part of the tooth. The so produced triangular form 

is very characteristic for the third molar. In this respect there is no difference between fossil (fig. 179) and recent 

orang. The decrease of the talonid in breadth is due in particular to the reduction of the entoconid in its buccolingual 

diameter, while all five cusps are preserved. The Dryopithecus pattern may at times become indistinct because of the 

disappearance of the boundary between protoconid and entoconid. 

As to the roots of the third molar of anthropoids there is no clear indication of a reduction or fusion. 

In the gorilla (fig. 318) the branches are lower than in the other molars but longer and further apart from each other; 

the same holds good for the orang given in figure 321, while in the orang presented as figure 320 both branches are 

'curved inward. As Remane noted in chimpanzee and to a lesser extent also in orang the'distal branch of the root is 

narrower and weaker than the mesial one. I failed to find any record of the occurrence of fused branches and fts 

ratio to unfused ones in anthropoids. 
* • * * ' ' 

Some third molars of Dryopithecus are also available for comparison. They are long, narrow and rounded 

.off at the distal end, that is to say, they show the same feature as the elongated teeth of gorilla or orang. In other 

details, they do not differ essentially from the first or second molars. The root which is partly preserved in the case 

.illustrated by Branco (1898, plate 2, fig. 11) is divided into two branches the distal one of which is much stronger 

than the mesial like in the first molar of Sinanihropus. . , .-;;>•: 

. '• • * The third molar of Sinanihropus when compared with that of the anthropoids seems to have in common with the 

latter -the tendency toward variation*of form and size, despite some significant differences. While in the anthropoids 

'there is no indication of a reduction-of the single cusps or a change in their arrangement and the mesoconid always 

present, Sinanthropus shows a tendency of limitating the mesoconid and reducing the size of the metaconid resulting m 

•the replacement'in most cases of the original Dryopithecus pattern by a plus pattern. In conjunction with this process 

there is a reduction of the root which is expressed by its tendency towards fusion and decrease in robustness, -while 

'in anthropoids the1 conditions of the root are not so.different from those of the other molars. It may be that the 

great variability in form and size of the third molar of anthropoids must be considered as* the beginning of a' regressive 

process but even' if this should be true, this process is much more pronounced in Sinanthropus. 

The third lower molar of recent man shows a great variability which points in the direction of a reduction of 

the tooth. It is remarkable, however,' that according to Lenhossek (1922), this regressive tendency is not as pronounced 

as in the upper third molar and that the variability is far less evident than in the latter. As a rule the third molar is 

smaller than the other molars but there are also cases in which it is the largest of all three/ With respect to its form, 

it becomes narrower toward the distal end and is rounded off, that is to say, the trigonid is broader than the talonid. 

In most of the cases four cusps are present, the mesoconid having been lost. Protoconid and metaconid are the 

largest'cusps With the former larger than the latter.' According to Hillebrand (1908) four cusps arc found in 60.7%', 

five cusps in 12% and'3 cusps in 6%, but de Terra's (1905) list'shows a greater variation within the various races, 

The'schema of'Hcllman's (1928) pattern does not correspond to'the number of cusps (see above) inasmuch as 

t: "*** 

mm 
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the plain plus pattern is developed in only 62% of third molars against 94% in second ones. For phase III 
however, in which the mesoconid is more or less preserved Hellman records the following: 

African Negro American Negro Australian Aboriginal 

M, 8% 24% 43% 

|MS^|- M' $ 59% 63% ;SB ^Miig^Mf^ 
Occasionally the chewing surface is not formed by three to five distinct cusps but by dissociated cusps in 

an extensive number of small tubercles. As to the root partial fusion of the branches occur in 50% and complete 
'*> division into two branches in 4 1 % . 

Because of this variability a comparison between Sinanthropus and recent man is not as easy as when dealing 
with the other molars. Lenhossek's illustration which I have made use of and reproduced as figure 178 cannot be 
considered as representing a typical third molar because of the existence of five well developed cusps and completely 
separated branches of the root. Certain differences, however, may be seen quite distinctly in this instance also, namely 
the disproportion between size of the crown and that of the root in recent man in contrast to the relative conformity of 
these two components of the tooth in Sinanthropus (fig. 172) and furthermore, the height of the crown in relation to 
its length and breadth in the former and its lowness in the latter. These differences are not specific for the third 
molar only but hold good also for the other molars (see above). 

The ten third molars of Sinanthropus at our disposal are when compared with the first and second molars of 
Sincnlhropus on the one hand and with the third molar of recent man on the other clearly less reduced as far as the 
crown is concerned but more in respect to the root, because the branches of all seven cases are more or less fused. 
Whether such conditions are characteristic for Sinanthropus or merely due to the scarcity of material is difficult to say. 

The third molars of the Neanderthal group show the same variation in size and form which characterize 
this tooth in recent man. In the Heidelberg mandible (fig. 301, d\ fig. 182) the third molar is smaller than the second 
and more quadratic while it is elongated distally in the Mousterian youth (fig. 185). In the Ehringsdorf adult 
both molars are reduced in size, that of the left side even to only a quarter of the original size. The molars of 
the Krapina man, however, do not exhibit such extreme degrees of reduction. With regard to the pattern of the 
chewing surface the Heidelberg molar (fig. 182) shows five cusps but with a reversed Dryopilhecus pattern like the 
Sinanthropus molar in figure 340 with the enlarged protoconid in contact with the entoconid. The trigonid here is 
narrower than ihe talonid. In the Krapina molar illustrated in figure 183 the trigonid cusps are considerably increased 
in length at the expense of the talonid cusps; the protoconid at the same time becomes much larger than the metaconi . 
while in the Mousterian youth (fig. 185) the trigonid has the normal size but the talonid is considerably elongated 
distally. Despite the latter fact the trigonid here is not broader than the talonid. The cusps are part'v recognizable 
in the Krapina molar and in that of the Mousterian youth but the longitudinal furrows separating protoconid and 
metaconid are overshadowed and the metaconid (Krapina) and the entoconid (Le Moustier) « d ~ ^ " * ^ 
number of small tubercles which Lenhossek described as being characteristic for recent man (see above). n or • 

material of unworn third molars of the Neanderthal group is very scarce, so that additional examples are not available 
for comparison. The wrinkles as far as they are preserved show the same character as those of the other moto. 

As to the roots of the third molars of the Neanderthal group there are two separated branches « the Hejefcerg 
molar as may be observed in Schoetensack's skiagrams, in the Ehringsdorf adult the branches are fused according 
Virchow's skiagram, whereas in the Krapina molars either fused or separated branches may occur (hg. Uih 

All these facts prove that the molars of the Neanderthal group when taken as a whole resemble much closer 
those of recent man than those of Sinanthropus. T^e great variability of this molar already characteristic for the great 
apes, especially chimpanzee and orang, is also true for the hominids. There is no doubt, however, that it is much 
greater in recent man than in Sinanthropus and that the Neanderthal group is closer to recent man than to the latter. 
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if this variability is considered an indication of involution, the process is more advanced in recent and Neanderthal man 
than in SinanlhrSpus. 

c SIZE AND PROPORTION OF CROWNS OF THE THREE MOLARS 

* ' 'In recent man the first lower molar usually is the largest of the three molars (Hrdlicka, 1923) followed by 

the second and the third. In exceptional cases the third may be larger than the second or even the first. In anthro

poids the second molar js the^ largest followed by the third and the first being the smallest. This sequence is the 

rule for gorilla and orang, while in chimpanzee occasionally, especially in female individuals, the first molar exceeds 

the third one in size (compare Remane's table X) . As to how Sinanthropus behaves in this respect can, of course, 

only be ascertained on the basis of such cases in which the molars are still in situ. The figures derived from the 

respective measurements in Tables XVIH and X I X reveal that the average size of the first molars computed by their 

length x breadth is 149, while that of the second molar is 159. This implies that in Sinanthropus the .second molar is 

slightly larger than the first one (compare also Diagr. I). The average size of the third molar amounts to 133 

(Table XXI) which is distinctly less than that of the first one. • * 

Hrdlicka (1924) on the basis of numerous measurements of molars of modern, palaeolithic and Neanderthal man 

arrived at the conclusion that the relative length is greater the greater their antiquity, while the breadth only shows slight 

changes in the course of man's evolution. Thus, the molars of the forerunner of man should be longer but only 

slightly thicker than those of recent man. The ratio between length and breadth may be expressed by the length-

breadth index: the lower the index the more the length predominates and Vice versa. I rather doubt whether this 

index really is as significant as Hrdlicka believes it to be, because its value depends considerably upon the accidental 

conditions of the contact facets which influence the length but not the breadth (see above). On the other hand there 

is a great individual variation. As for instance Hrdlicka'slist demonstrates, the index of Mi ranges for the various 

first molars of Predmost from 85-3 to 97.1; for those of Krapina from 90.6 to 100.0. The list compiled by H . 

Virchow (1920) shows that the value of the index of Mi of recent man ranges from 89.8 to 1086 and those of the 

Ehringsdorf child and adult from 87.5 to 93.2. According to Table XVIII the length-breadth index, of Mi of 

Sinanthropus ranges from 91.1 to 97.2 for the teeth in situ and from 89.4 to 102.0 for the entire material, with the 

result that the index for the Sinanthropus molar is higher than even that for Predmost and completely falls within 

the range of recent man. The average index for Mi of recent man which I computed on the basis of Hrdlicka's 

(1923) results is 96.8, while de Terra's figures (1905) yield an average, index of 93.8 for the same group. The 

corresponding average index of the whole Sinanthropus material is 93.3* For the great apes I computed the average 

index of the first molar with the aid of Remane's (1921) figures which are: gorilla (cf and ? ) 87.7; chimpanzee 

(cf and $ ) 8 8 8 , orang (cf and $ ) 94.6; all three combined 9 0 0 . The average index for the Krapina first molars 

is 94.0. Cases of hominids in which only one or two molars are available (Heidelberg, Le Moustier, etc.) cannot 

be used for such a comparison. With every reservation as to the reliability of the following figures the order of the 

indices for all three molars would be as follows: 

T A 3 L E X X I I $ $ 

L I I 1 1 * 1 * 

ength-breadth indices 

£>.'•:". 

' V.: VC '^•P>.*? 

M» 

Anthropoids 
Predmost 
Sinanthropus , 
Krapina 
Recent man 

90.0 
91.7 
93.3 
94.0 
93.8-96.8 

»«v 

M, 

Anthropoids 
Krapina 
Predmost • 
Sinanthropus 
Recent man 

92.5 
92.7 
95.8 
96.8 
93.9-97.7 

M . 

Krapina 
Anthropoids 
Predmost 
Sinanthropus 
Recent man 

91.2 
92.4 
93.7 
96.2 
96.8 

mam # mmmmmm 
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K 07 3 I ^ , , h e a ,Uh7f , h C { n d T °f. t 6 S e C ° n d a n d * " m ° l a " ° f l h e «***«*» hunt ing to ^6 1 and 97.3, respect.vely, exceed the correspond,,* indices of all hominid group, and the same i, true of t h e L * I t 
P orang with an index of 94.6 (compare Table XXII). These figures do not support £ £ £ £ £ £ " ^ ° f 

. H - V ' ^ W <l92°> « findi"8 * - * • - o " d molar is longer than the firs, in the Ehringsdorf man (child and 
adult) ,s mimed to cons.der th„ pecuhanty a, a p.theco.d character. If ,he length of the second molar is e x m J S 
•n percentage of the length of the first one and computed on the basis of the corresponding values given by the vari 
authors, then we arrive at the following figures: 

TABLE XXIII 
Length Length of M2 in percentage of Mj ry.-.r 

M*&>& 

d^MJltik 

« * - . • » . . * • • 

j*si 

$w 

P 
(K-w 

3 •' 
•f- •»-

v y r t«» 

- V ' 1 

-i.U'* 

^4t£ 
£>•*•» 

H f ?*•; 

*#*3 

•/ "s" 

Recent man 
Spy II 
Sinanlhropus '• 
Spy I 
Chimpanzee cf 
La Quina 
Krapina 
Chimpanzee 9 
Orang 9 
Le Moustier 
Gorilla 9 
Ehringsdorf 
Heidelberg 
Gorilla cf 

:••* .**• 

).0 (molars in sr7u) :V**' 
3.0 (Schoetensack) . : 
).4 (Remane) ^ ^t 

*«?V&> 

96.8 (de Terra) 
98.0 (Schoetensack) 

100.0 (molars in situ) 
100." 
100. 
100.3 (H. Martin) 
103.6 (only the molars in situ; Gorjanovic-Krambereer) 
104.2 (Remane) B ' 
104.5 
105.8 (H. Virchow) 
108.8 (Remane) 
109.3 (H. Virchow) 
109.4 (Schoetensack) 
110.9 (Remane) 

* ' - - * . " « : 

:&itMtf >yr. 

various 

-<t. 

• 

f 

$ $ : 

t * * V 

4*"H*' 

•s i,'•':*.• 

» 

r 
#• 

•̂•' 

1 
•A 

# 

£ij*j£* 

•- .It is apparent from these figures that Sinanlhropus ranges between recent man on the one side and the male 
chimpanzee on the other, while the molars of Krapina, Ehringsdorf and Heidelberg show a much higher index and 
like that of the male gorilla. It should be borne in mind, however, that in the cases of the Heidelberg and Ehrings
dorf only one and two specimens of each type are available, while of Sinanlhropus there are seven first and six 
second molars in situ* 

Of more importance than the relations between length and breadth and the differences between first, second 
and third molars in this respect are the differences in breadth between the trigonid and the talonid. Gregory and 
Hellman (1926) who called special attention to these differences, proposed to determine the values concerned by 
computing the trigonid and talonid indices, that is the breadth of the trigonid and talonid, respectively, expressed in 
percentage of the length of the entire tooth. If the trigonid is broader than the talonid, the index of the former will 
be higher than that of the latter and vice versa. A trigonid exceeding the talonid in breadth must be considered a 
primitive character since the latter formation in the course of evolution of the mammalian molars appears as a secondary 
acquisition. Gregory and Hellman setting out from the respective conditions existing in Dryopithecus, have computed 
the trigonid and talonid indices of all three molars of anthropoids, fossil hominids and recent man. It follows from 
their results that as far as Dryopithecus and recent anthropoids are concerned the.trigonid is generally broader by some 
units than the talonid, but occasionally the talonid may also be broader than the trigonid. Such a condition may 
even be found in one and the same individual with the molar of one side showing a broader trigonid. while thai 
of the other exhibits a broader talonid. Thus the index in question is only of significance when applied as a 
criterion for an entire given group but it is without value as a diagonistic aid in ^ ^ \ ^ J T ^ 
Gregory and Hellman the talonid of the first molar in recent man is generally broader than the tngomd, while vhile in 

:1 & 
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the second and third-molars the latter is in the majority of cases—quoted by those authors—broader than the talonid. 
It appears that racial differences are irrelevant in this respect. In Sinanthropus the indices computed from the average 

f-h 

&:-&v.*> 

figures (compare Tables XVIII, X I X , XXI) are: . 

Mi 
,-\+*{••*»<'-**.rp.-*? *-** . 

trigonid index 

talonid index 

M, M, 

96.6 
94.2 

98.4 (95.3) 
98.3 (94.5) 

96.8 (94.5) 
90.8 (90.8) 

The first indices of Mi and Ma refer to the molars in situ, while those in brackets are for all molars available 

(m situ and isolated combined). In the case of M3 such a discrimination is not necessary because this molar is 

determinable with approximate certainty even when isolated. 

As these indices show, the trigonid in all three molars of Sinanthropus is broader than the talonid, the 
difference being greatest in the first molar and smallest in the second. Among the eight first molars of our 
collection in which both indices are computable there is not one case in which the talonid is broader than the trigonid, 
while among the eight second molars there is one instance and two in the series of the eight third molars in which 
the talonid is broader, but the differences are only slight. With reference to fossil hominids Gregory and Hellman 
only quote the molars of Heidelberg, Ehringsdorf and Le Moustier as given in Table X X I V . 

TABLE X X I V 

M J $ . 

trigonid index 
talonid index 

Heidelberg 

M, M, M, 
94 86.2 93.0 
97 90.6 91.1 

Ehringsdorf 

child 
• M, . M, 

86.6 78.1 
86.6 82.0 

adult 
M» M, M, 
91.0 87.2 91.3 
91.0 89.7 83.5 

Le Moustier | 

M, M, 
84; 82 89.4; 85.7 
92; 88 86.9; 87.2 

In all these cases the talonid is broader than the trigonid, except in M3 of Heidelberg and Ehringsdorf and 

in the left Ma of Le Moustier. The indices show that the Sinanthropus molars are in this respect also much more 

primitive than the molars of the Heidelberg and Ehringsdorf mandibles and those of the Mousterian youth. 

The trigonid and talonid indices of two further specimens are of particular interest, namely those of the 

Piltdown molars and those of Australopithecus Dart. Gregory and Hellman computed the following values: 

isolated tooth 

85.7 

U 80.0 

For Australopithecus W . Abel (1931) gives the following indices: 

trigonid index 

talonid index 

Piltdown mandible 

Mi Ma 

86.2 . 85.6 

78.0 81.6 

M i 

. trigonid ind ex 
tolonid index 

left 

83.5 

87.8 

right 

88.0 

90.1 

it\***A 

The talonid in the first molar of Australopithecus is also broader than the trigonid. W . Abel is inclined to 

consider this condition as an indication of advanced specialization of the entire type. Considering the fact, however, 
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that the very same'conditions have occasionally been found in'the first molar of Dryopithecus, o'rang and chimpanzee 
of today, I doubt whether such a generalization based on a single occurrence is justified. I shall return to the problems 
on Piltdown and Australopithecus below. : . .: J .;.!,• . *'. .,vt \.v \ . * » . . . !} 

.d." PROBLEMS*CONCERNlNG MOLARS IN GENERAL 

In this section we deal with two special phenomena characteristic for all upper and lower molar of Sinanthropus, 

namely the so-called wrinkles and ''taurodonttsm.** The appearance and arrangement of wrinkles have already 

been described earlier in this study, thus we shall be concerned here only with the discusion of their diagnostic and 

taxonomic value. With regard to taurodontism the entire problem will be dealt with herein, especially in respect to 

the contention of certain authors that this feature is to be considered as a typical, and irreversible specialization.. 

fit! " - • ^fi | The wrinkles *A 

The chewing surface of mammalian molars in some orders is noj only equipped with cusps but also with 
more or Jess developed special ridges and furrows covering the entire surface. As their abundance and arrangement 
in no -case show the same constancy as the cusps, most of the authors failed to attach great importance to this 
formation. More than this, their presence and special appearance have been neglected or, according to the standpoint 
of the respective author, minimized or contested. Hence, even recognized authorities in the field of odontology 
failed to determine the feature in question as an essential peculiarity characterizing anthropoids as well as hominids. 

In 1887 Schlosser called attention to the fact that the molars of Dryopithecus (compare fig. 159) exhibit 
wrinkles similar to'those of chimpanzee, orang and recent man, although much less developed than in these anthropoids^ 
Schlosser believed that the wrinkles occurred for the first time within the anthropoid group in Dryopithecus and 
gradually increased in the course of evolution. However, since these wrinkles were very poor in man, he could not 
be a: direct descendant from Dryopithecus, for in that case the wrinkles should be much more pronounced in 
recent man than in recent anthropoids. Although Schlosser's deduction is incorrect in so far as Shanthropiis and 
Neanderthal man have the wrinkles really much more developed than recent man, his line of thought is interesting 
because he used that feature as a criterion for classification. He did the same later (1907) when he rejected the 
possibility that Tarsius could have been derived from the fossil T.arsioidea Washakius because of the latter having 
wrinkled molars and the former not. '• • •* 

: ' It follows from Schlosser's description that wrinkles are not only found in fossil and recent anthropoids but 
also iri fossil prosimians (Washakius and Necrolemur). According to Branco (1898) and Bolk (1914) they also occur 
in lower molars of recent platyrrhine monkeys, for instance in Pithecia, the pattern of which is reproduced by 
Branco and copied here in figure 184. The occurrence of wrinkles, however, is not at all confined to Pithecia. 
I found them to be present in the permanent and deciduous lower molars of Alouatta, Mycetes and Callithnx, so 
that it may be supposed that the existence of wrinkles is rather diffused within the group of Platyrrhine. However, 
the appearance and the arrangement of these wrinkles differ very characteristically from those of anthropoids (fig. 184). 
They represent low and regular convolutions which occupy not so much the inner slopes of the cusps or the .declivity 
of the elevated border surrounding the chewing surface as the cavity proper of this surface. In addition, they also 
cover the outer slopes of the trigonid cusps. In both respects'the wrinkles resemble closely the conditions of the molars 
of the carnivores, although here again their appearance and arrangement are quite different from those of the lower 
primates and anthropoids. 

Thus, it is not sufficient just to determine the mere presence of wrinkles for the purpose of classification but 
also to define their Special/character. In this respect there is no doubt that wrinkles occurring in fossil and recent 
anthropoids oh .one hand and in hominid* on the other -are .identical formations. As has been shown earlier,' 

• 
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they differ, it is* true, in abundance and degree of development within the anthropoid groups themselves but their 
general appearance, their restriction to cusps and their arrangement are the same in all types of anthropoids and hominids 
(compare fig. 155). In this regard it is significant that even in gorilla with very fine and relatively low wrinkles 
and of rare occurrence there are races with well developed structures as for instance in Gorilla bcringei (Adloff, 1908). 
J likewise have the impression that the wrinkles in the fossil orang are less abundant but coarser than in recent species 
of this anthropoid (fig. 243, a, o). . •-

r.*.. Selenka (1899) believed that there.must be some connection between the development of wrinkles and the 
character of the cusps so that whenever the wrinkles are less abundant the cusps are high or the reverse. This 
assertion may be applicable if the gorilla with high cusps and few and fine wrinkles is compared with the orang 
with low cusps and very abundant wrinkles. However, if Sinanthropus with very pronounced wrinkles is compared 
with recent man in whom the wrinkles have almost disappeared completely and in whom the cusps are rather higher 
than in the former, then the correctness of the above mentioned conception becomes doubtful. 

Although Branco predicted as early as 1898 that the ancestors of recent man must have been equipped with 
better developed wrinkles, yet it was not confirmed until the discovery of Krapina man the molars of whom have been 
found to be covered with characteristic wrinkles* Gorjanovic-Kramberger (1906) described them in great detail and 
showed their general arrangement by some excellent drawings (his figure 43, p. 205). He came to the conclusion 
(1907) that these wrinkles have been generally present in the Neanderthal group of fossil man, while in recent man 
they were lost. Since the wrinkles occur in similar conditions in recent anthropoids, that author considered those 
features to be pithecoid and primitive characteristics of the hominid. r 

•4* 
It is strange that such a simple and easily demonstrable fact could be the subject of controversy for more 

than thirty years. The first to contend Gorjanovic-Kramberger's statement was de Terra (1905). This author 
believed that the formation of wrinkles should be considered to be only the expression of a general tendency to 
increase the chewing surface of the molars and if found in anthropoids merely a convergency without any phylogenetic 
significance* de Terra at least acknowledged the actual existence of wrinkles in anthropoids and hominids, whereas 
Adloff in denying any direct relation between both groups attempted in a great number of publications (1907-1937) 
to minimize the existence of wrinkles in hominids and thereby lower their general significance. Because of this 
author's most recent paper (1937) in which he deals with Sinanthropus teeth on the basis of some of my earlier brief 
notes (1935, 1936a) I find it essential to enter into a new discussion of this problem at this time. In referring to 
the molars of Sinanthropus illustrated in the above mentioned publications and reproduced here as figs. 165, o and 290, 
Adloff claims that it may be seen at first sight that the wrinkles of the Sinanthropus molars were completely different 
from those of the anthropoids. Unfortunately, Adloff omitted to give any further explanation in support of this view 
and merely refers to future publications. In order to demonstrate that Adloff s opinion is without any foundation, it 
is sufficient to compare the Sinanthropus upper molar illustrated in figure 330 with that of a fossil orang in figures 332 
and 336 or the Sinanthropus lower molars (figs. 163-166) with the lower molar of the fossil orang (fig. 243, a). 
Adloff points out in particular the molars of the Heidelberg and Ehringsdorf mandibles in an effort to prove that 
in these cases the wrinkles were not as abundant as in Sinanthropus. This, of course, is perfectly correct as has 
been mentioned above, but I fail to understand how this fact can be presented as a means of refuting the pithecoid 
character of the wrinkles. The Heidelberg molars have no wrinkles at all because they are worn (compare figs. 152, 
162, 301, d) and the same is true of the molars of the Ehringsdorf adult. But the molars of the Ehringsdorf 
child have some typical wrinkles as may be observed in M2 (fig. 167), while in Mi (fig. 151) the wrinkles have 
become obliterated because of attrition. How great the differences can be in this respect may be judged by a 
comparison of an already functioning Sinanthropus Mi with a Ma just erupting (fig. 286). However aside from this, the 
wrinkles in the Heidelberg and Ehringsdorf molars like in those of other representatives of the Neanderthal group 
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are much less developed than'in Sinanthropus because these'molars already represent a more advanced stage in the line 
leading to recent man. Adloff refers to the molars of the Mousterian youth, in whom the wrinkles were more 
developed so as to demonstrate the inconstant character of this feature. In reality, however, there is no difference 
in this respect between the Ma of Le Moustier and that of the Ehringsdorf child (compare fig. 154, b with fig. 167). 
That the Mousterian Ms (fig.. 185) is equipped • with a greater number of wrinkles is merely due to the fact that this 
tooth has just erupted and its wrinkles therefore not yet lost through attrition. ' •''* •'> 

:\r&'fc.' • ' ' - * . * ' ' ' • ' - . . . . . 
Another argument against the constant character pf the wrinkles in hominid molars raised by Adloff (1937), 

although refuted by Aichel (1917) twenty years ago, is that the surface of the teeth.which reveal wrinkles best in the 
stage as germs may become smooth in the course of a.normal dental development.. This argument is not any more 
convincing than the first one on account of the following facts: first, the wrinkles of the Sinanthropus teeth are not 
only present in germs embedded within .the jaws but also in erupting or. just erupted teeth (compare figs. 83 101 
140, 163, 265, 286); second, in recent man the same is true in such races in which wrinkles still persist (figs. 170, 
a, 6; 293) and third, in races of recent man in which the wrinkles are absent, they will neither be found in germs nor Xn 
erupting or in just erupted teeth. The lower premolars in figure 272, d and c, and in figure 273, e, furthermore the 
lower molar in figure 169, represent such specimens-of immature teeth of recent man (European). Adloff believes 
that the irregularities of the enamel of germs represented by wrinkles may become smooth after the formation of 
NasmyuYs membrane. This, of course, is impossible because this membrane, a pellicle composed of dead cornified 
cells of the enamel organ, could never function in such a manner and, in addition, the membrane is formed long before 
the wrinkled teeth erupt. However apart from this, the wrinkles are not exclusively a formation of the enamel as 
Adloff suggests, for the dentine is also involved as was already recognized by Aichel (1917) and proven by R. 
Schwarz (1927) with the aid of cross sections through a" lower molar of chimpanzee (his figure 410). That the 
same holds good for the Sinanthropus molars may' be demonstrated by a transversal section of its crown (fig. 138) 
•which shows that the superficial undulation of the enamel underlying the wrinkles is repeated Xn the same form by 
the surface of the dentine itself. 

Adloff claims that the lower primates and the earliest anthropoids must have had smooth teeth and that the 
wrinkles therefore represented a relatively late specialization, probably acquired independently by the individual 
anthropoid genera. The first statement is incorrect. As shown above, wrinkles are already present in Eocene 
Tarsioidea, for instance in Necrolemur and Washahjus. It seems to me mat their presence is also indicated in the 
lower molars of Adapts. On the other hand, it is true that they are missing in certain early primates, but hitherto we 
have not been able to determine the real direct ancestors of either anthropoids or hominids. Thus, no claim can be 
made as to whether these groups derived from Eocene types were with or without wrinkles. The Miocene anthropoids 
like Dryopithecus have well developed wrinkles (fig. 159), the wrinkles being less abundant and coarser than those 
of recent anthropoids and therefore resemble quite closely the wrinkles of Sinanthropus. Whether Dryopithecus is to 
be considered a direct ancestor of the hominids as Gregory (1922) and O. Abel (1931) believe is irrelevant to the 
problem involving wrinkles'. . It may be that Adloff had ParapUhecus in mind when considering the earliest anthropoids. 
It may also be possible that in this primate the wrinkles never existed and that ParapUhecus nevertheless must be 
looked upon as an ancestor of the anthropoids. However, the absence of wrinkles in this case can in no case be 
used as an argument against the closer affinity of anthropoids and hominids if one admits, as Adloff himself does, that the 
recent anthropoids derived from ParapUhecus have acquired the wrinkles subsequently. The essential point is that 
Adloff considers the alleged smoothness of human teeth a primitive feature and the complicated pattern of anthropoid 
teeth a proper-specialization. Such a viewpoint was already contestable after the discovery of the Neanderthal teeth 
of Krapina, Ehringsdorf and Taubach but now in view of the Sinanthropus discoveries it has become ent.rely untenable. 

>^M 
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To complete the survey of the various* interpretations of wrinkles Aichcl's viewpoint (1917) may be included. 
In contrast to Adloff and similar to de Terra this author believes that two independent types of molars should be 
distinguished, namely cuspidated and wrinkled ones. The latter type should be characteristic for anthropoids, the 
former for recent man, with no genetic connection between them. The wrinkled teeth occasionally met with in recent 
.man should be considered as a completely new acquisition. Nevertheless, all hominid types in which they occur, that 
is the entire Neanderthal group and Late Palaeolithic Man must be eliminated from the ancestry of recent man. 
Only the Heidelberg man the molars of whom Aichel strangely enough considers to have pure cuspidated cusps, 
although the teeth are almost completely worn off, is permitted to retain his place in this ancestry. That Aichcl's 
strict discrimination between cuspidated and wrinkled teeth is a purely fictitious construction does not require any 
further elaboration as it is apparent even at a brief glance upon the molars of fossil and recent anthropoids and 
hominids. How far removed this author was from the reality when compiling his publication is further evident 
from the fact that he seriously claims that human molars with four cusps would represent the real primitive type, 
while molars with five cusps have to be considered as being of secondary nature. 

At any rate, there is no doubt that wrinkles represent a characteristic feature of the Sinanthropm molar and 
that they disappear.gradually in the course of human evolution: Neanderthal man—Late Palaeolithic man—modern 
man. Their disappearance, however, is not yet complete for they are still to be found in many cases of present 
mankind, although mostly in a rather reduced form. This view first expressed by Gorjanovic-Kramberger (1906) 
on the basis of the Krapina findings proved to be correct. Virchow (1920), Lenhossck (1922) and Hrdlicka (1924) 
admit that wrinkles have a phylogenetic significance, de Terra's and Aichel's viewpoints as also AdlofTs thus 
prove to be without any real foundation. Therefore, Gregory (1922) is fully justified in enumerating among the 
common characteristics of the teeth of anthropoids and hominids the following particularity: "Surface of enamel more 
or less furrowed and wrinkled." This statement does not only hold good for molars which most of the authors 
consider the only teeth equipped with wrinkles but also for premolars, and to a certain extent for canines, and 
especially for upper central incisors. • As has been shown earlier when discussing these teeth of Sinanlhropus, the 
pattern of their chewing or lingual surfaces, respectively, is characterized by accessory ridges and depressions between 
them the appearance of which corresponds entirely to the wrinkles of the molars. This pattern is the same in 
principle in anthropoids. It should not be overlooked that wrinkles represent only one of the numerous features 
linking anthropoids and hominids and that their elimination would in no way effect their close relationship. 

V 'Tawodontism 

Keith (1913) in citing AdlofT (1908) states that in the modern mandible the'hody of the tooth containing the 
pulp cavity is supra-alveolar and that only the roots are embedded in the mandible . . . . In passing from the first 
to the third molar the pulp cavity should tend to become -embedded more and more within the alveolar process 
In the Heidelberg mandible the tendency as seen in the last molar of recent man should be exaggerated still more 
. . . . In all molars of the jaw the pulp cavity were large and the body of the tooth tends to be implanted in the 
alveolar border . . . . In the Krapina molars this tendency is so marked that the pulp cavity extends deeply Into the 
region of the roots, the body of the tooth being enlarged at the expense of the roots. Keith found the same condition 
in ungulates and cud-chewing mammals, for instance in the ox, while in the carnivores the body of the tooth should occupy 
a supra-alveolar position. Keith therefore calls the first condition "taurodonlism" and the second one "cynodontism." 
The Neanderthal man as represented by the Heidelberg and Krapina mandibles should show in contrast to recent 
man that "specialization" and thus have nothing in common with recent man. In his book "Antiquity of Man" 
(1925) Keith outlined his standpoint with more precision, laying greater stress upon the enlargement of the pulp cavity', 
however, than on the extension of the "body." In the Neanderthal group this" cavity should extend toward the roots, 

* # & & * • 
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the body being large and the roots short. As the primitive type of apes-shows cynodontism and not taurodontism 

recent man according to Keith resembles the original primate more than the Neanderthal man, hence the necessity of 

separating recent man and Neanderthal man genetically. Keith still holds this viewpoint. In his most recent paper 

(1937) he again states that the Western European Neanderthalers have to be excluded from the direct ancestry of 

modern man on account of their possession of certain specialized anatomical traits. Keith gives no further explanation 

but taurodontism in his opinion apparently must be .considered as one of these peculiarities. -*** L '.**) 

I cannot refrain from admitting that the conception of taurodontism as defined by Keith is not at all clear'. 

Three different things have been thrown into confusion. First, that author speaks of the supra-alveolar position of 

the teeth which however only concerns the relation between teeth and alveolar process, that is to say, the manner in 

which the entire tooth is embedded in the jaw; second, he refers to the proportion of size to height, namely of that 

undivided portion of the tooth which he termed "body" and that represented by its divided portion and third he 

points to the roominess of the pulp cavity and its extension toward the root., 

I7 
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. From Keith's second publication on this subject it follows that he confined the term "taurodontism** more 

and more only to the last enumerated phenomenon so that the entire problem has become much more simple. 

There only remains the question whether a large pulp cavity extending toward the root is an exclusively characteristic 

eature of the teeth of the Neanderthal group, a condition not observed either in recent man nor in anthropoids.. 

Before entering into a discussion, however, it is necessary to acquire a better definition of the various 

portions of the tooth than that used by Keith and other authors. ' It is common knowledge that the problem 

in question arose first after the discovery of the Krapina molars. These teeth show the'peculiarity that the roots are 

not divided into three or two branches but instead form in many cases a unique and more or less prismatic stem with 

the pulp cavity likewise extending undivided through the stem. -These features have been the subject of lengthy and 

exhaustive debates between Gorjanovic-Kramberger (1906, 1907, 1910) and Adloff (1907, 1908, 1910) so that it 

may be sufficient tp refer the reader to the literature listed for further details. It is-important, however, that Adloff 

in contrast to Gorjanovic-Kramberger considers the existence of this peculiarity of the Krapina molars as a specialization 

which excludes the Krapina man from the. ancestry of recent man. Keith later adopted Adloff s viewpoint. 

AdlofFs interpretation also is not quite clear as to whether the specialization assumed by him only concerns the 

form of the root or includes also the enlargement of the pulp cavity though in one of his publications .,(1910) it 

seems to point more toward the first mentioned direction. 

As noted above, when describing the roots of the Shanlhropus molars the terms "body" or corpus — 

the latter term was used by Davidson Black (1927)—are not correct. Teeth have only two and not three portions, 

namely the crown and the root, the neck marking the boundary between crown and root. The body as is 

understood by Keith does not represent a portion of the entire tooth but only a part of the root. Generally, I e 

root again composes two portions: an undivided stem and its branches which may number two or three according 

to the tooth type concerned. Whether the stem is high or low depends only upon the level at which the division 

takes place. If this division is absent, then the stem continues up to the real end of the root. This is the case in 

some of the Krapina molars. Thus it is erroneous to speak of fused roots'as is commonly done including l h y r e S C n * 

writer. * This, of course, is true not only of the Krapina molars but also of all other cases notwithstanding th 

fact whether we are dealing with the teeth of hominids or anthropoids. "Fused" roots in no case infer that t e i r 

branches had at one time been completely separated and become "fused" subsequently, but that a d l v ' s , o n ^ 

never existed. However, it is not sufficiently known whether the reason for the suprcssion of division shou e 

looked for in the conditions of the teeth or in those o f the alveoli. In any casei the supressionitself.il no a 

phenomenon peculiar to one stock of hominids but only the special manner in which it is manifested. .}•*;. 
X; 
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That differences exist in the degree in which the three lower molars are embedded within "the*mandible, as 
Keith describes to be characteristic for recent man, depends rather exclusively upon the age of the tooth. The 
third molar erupting last and occasionally retardedly will always be implanted deeper than the first one. In addition, 
the upper border of the alveolar process ascends in passing from the first to the third molar as a consequence of the 
mandible. These conditions may be found not only in recent man (figs. 319, 322, 324) but also in anthropoids 
(figs. 306, 318, 320, 321) and all monkeys; they are likewise very pronounced in the Sinanthropus mandibles 
{figs. 265 and 307). 

Thus only the height of the undivided stem of the root and the extension of the pulp cavity remain which 
may perhaps represent two features peculiar to certain fossil hominids. As shown in a previous chapter dealing with 
the roots of the lower molars, it occasionally occurs in Sinanthropus that the stem of the root is higher on the 
lingual than on the buccal side (compare figs. 139, 142). However, this phenomenon is not a consequence of an 
unequal division of the root but rather of an unequal height of the crown with the enamel reaching further donwnwards on 
the buccal than on the lingual side. Davidson Black (1927a) in using the method of measurements recommended by 
Hrdlicka (1922) for the Sinanthropus molar No. 34 (fig. 144) found the ratio between the "corpus height** and 
the crown height (51.5) to be lower than in any other hominid or anthropoid. In the Sinanthropus molar illustrated 
as figure 139 the ratio (78.2) is much higher and ranges between Black's results for chimpanzee and recent man! 
I am under the impression, however, that the ratio in question is without any value for comparative studies because 
of its great individual variability and the difficulty to determine the real height of the protoconid in worn cusps. 
The individual variability renders it impossible to obtain an actually reliable measurement of the height of the crown 
plus stem of the root. Judging from all my own observations, there are no essential differences in this respect between 
Sinanthropus and recent man (compare fig. 142, o with fig. 146, a-c) on one side and anthropoids on the other. 

« ' In the description of molars reference was already made in regard to the relation between crown and root 
.with respect to their respective longitudinal and transversal diameters. It was shown that in some cases of Sinanthropus 
the crown does not project over the neck like in the case given in figures. 142, 172 and 180, while in other 
(figs. 139, 140, 148) the neck region is distinctly constricted. In the first instance crown and stem of the root seem 
.to form a more distinct structural unit than in the latter case. But even that equality between crown and root may 
also be found in recent man (fig. 146, a-c) and cannot be considered to be peculiar to Sinanthropus. 

r • ' • Of all features implied by the conception of "taurodontism" therefore remains nothing more than the position 
and roominess of the pulp cavity. Keith (1913) stressed the fact that in Neanderthal man the pulp cavity extends 
deeply into the region of the root, a phenomenon which he apparently considers as an indication of specialization. 
The position of the cavity, however, is the same in principle as in recent man, for it is not located within the crown 
area but occupies the neck and stem region. Rebel (1931) in describing the pulp cavity emphasizes this fact. 
In his figure 2501 there is reproduced a transversal section of a lower molar of recent man to demonstrate the 
exact position of the pulp cavity. In comparing that figure reproduced here as figure 234 with figure 138 illustrating 
the' same section of a Sinanthropus lower molar, it becomes evident that the essential difference is only the largeness 
of the cavity and not so much its general localization. It is true that the cavity in Sinanthropus approaches the 
tawer border of the stem region closer than in recent man. Nevertheless, both figures at the same time reveal that 
the greater extension of the cavity in the case of Sinanthropus is correlated with a characteristic difference in the entire 
form of the crown. I had earlier in this study called attention to the fact that the crown of the Sinanthropus molars 
is much lower in relation to the length and breadth than is true in recent man. This apparently also holds good for 
the form of the pulp cavity and affects the position within the tooth. Therefore the special position of the pulp cavity is 
not an isolated topographical character and can only be understood when considering the tooth as a whole. • ^ j . 
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As to the roominess of the cavity one of the essential points is its great variability in recent man. This 
variability depends not only upon the individual age of the respective tooth but also on the racial affinity of the 
individual himself. It is a long acknowledged fact that the largeness of cavity is greatest in immature teeth which 
gradually decreases by increasing age. The diminution of the cavity takes place by a new formation of secondary 
dentine deposited in particular on roof and floor. For further details the reader is referred to the studies of Szabo 
(1900), Trueb (1909) and Wagner (1927). According to Szab6 the decrease in height amounts to 0.6 mm from 
the age of 6 to that of 17 and the total decrease from the age of 6 to that of 60 with an original height of 3.0 mm 
may amount to 2.3 mm. This fact must be kept in mind when the teeth of fossil hominids are compared with 
those of recent man for it shows that only teeth of the same age are directly comparable with each other as already 
pointed out by Adloff (1911, his fig. 3). Jt is furthermore easy to demonstrate in almost every denture that the 
roominess of the pulp cavity decreases passing from the third to the first molar which, of course, corresponds to the 
differences in age, the third molar always erupting later than the first one. This holds good not only for recent man but 
also for the fossil hominids including Sinanihropus and the apes. Virchow (1920) already illustrated these con
ditions in apes by skiagrams of mandibles of a juvenile.and adult gibbon (his plate VIII, figs. 5 and 6). 

'The diminution of the pulp cavity of lower molars by increasing age is illustrated by figures 310-312 in 

which the letter a designates the immature stages and letter 6 the adult ones: figure 310 represents chimpanzee; figure 

311 Sinanihropus, a a large type (No. 36) and 6 a small type (No. 38); figure 312 gives molars of juvenile and adult 

European individuals. In all three cases the pulp cavity is in direct relation to the size of the whole undivided 

portion of the root larger in the immature teeth than in the adult. Nevertheless there is a difference in the roominess 

in so far that in the given example of an adult recent man (fig. 312, b) the pulp cavity is considerably smaller than 

in the corresponding case of Sinanihropus (fig. 311, b) and chimpanzee (fig. 310, 6). The fact that the cavity is 

always smaller in the first molar than in the second and third is evident from the skiagrams given in figures 237, 307, 

309 and 314-324. In this respect there is no difference between Sinanihropus, Neanderthal man, recent man and the 

anthropoids: figures 307, 309 and 314 represent the Sinanihropus mandibles G I, K I and A 11; figure 315 the 

Heidelberg mandible—after Schoetensack—; figure 237 the mandible of La Quina after H . Martin; figure 316 represents 

the mandible of Palaeolithic recent man of Choukoutien; figure 323 the Wadjak mandible; figure 319 a modern 

Eskimo; figure 322 an Australian native; figure 324 a modern North Chinese; figures 318, 320 and 321 illustrate 

mandibles of gorilla and orang, respectively. 

However even if the variability in roominess as a consequence of the respective age of the tooth is taken 

into consideration, there is no doubt that the pulp cavity of the Sinanihropus molar is considerably larger than that 

of the corresponding molars of recent man, yet with the reservation as far as the average recent man is concerned. 

Davidson Black (1927a) showed that in the Sinanihropus molar No. 44 the height of the pulp cavity is more than 

twice that of a recent Chinese and more than three times that of a chimpanzee. In my opinion it is useless to make 

exact measurements of the size of the respective cavities selected because of their great variability. It is sufficient to 

ascertain that in all cases of Sinanihropus molars of which skiagrams have been prepared from mandibles or isolated 

teeth the roominess of the pulp cavity was found to be very great in adult and strongly worn teeth also. This does 

not only hold good for the lower molars (figs. 138, 307, 309, 311, 314) but also for the upper molars (figs. 308 

and 313). Furthermore, it is remarkable that the pulp chambers of the distal branch of the root of the lower 

molars and of the buccal branch in the upper molars also take part in this enlargement. If under the term "taurodontism 

only this peculiarity is understood, then there remains no doubt that it exists in Sinanthropus. 

Davidson Black (1927a) believed that the taurodontism as evident in the Sinanihropus molars must be 

distinguished from the taurodontism within the Neanderthal group considering the latter an exaggerated product of an 

advanced specialization and resulting from degenerative changes. He thus brings the taurodontism in Sinanihropus 

* ?Jr. 
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into closer connection with mat of the Heidelberg molars and designated the condition as '/moderate taurodontism" 

considering this form of taurodontism the only primitive hominid character. Jt is obvious that Davidson Black in making 

6uch a discrimination had in mind certain Krapina molars, for in reality there does not exist the slightest difference 

between the taurodontism in Sinanthropus molars and that of the typical Neanderthal group. As most of the features 

involved are well known and illustrated in the majority of the literature available, 1 shall confine myself to reproducing 

here only the skiagram of the Heidelberg molars (fig. 315) and-a drawing of the La Quina molars (fig. 237) according 

to a skiagram of H . Martin (1923). The "exaggerated taurodontism'* to which Black refers concerns exclusively a 

certain number of anomalous Krapina molars with so-called prismatic roots which cannot be taken to be specific for the 

molars of Neanderthal man as such. I shall refer to this question below. .- • * • ' v v 

Davidson Black is fully justified, however, in considering a large pulp cavity a characteristic criterion for 

primitive hominids. As a matter of fact, it occurs in all Sinanthropus molars and not only in molars but also in 

premolars as is evident from a comparison of the premolars represented in skiagrams of figures 307 and 309 with the 

corresponding teeth of a recent Chinese (fig. 324). Yet this feature is not confined to Sinanthropus but is also 

characteristic for the entire Neanderthal group. Within this group it occurs in the molars of the Heidelberg 

(fig. 315), La Quina (fig. 237), Krapina, Le Moustier and Gibraltar (fig. 236) mandibles. The latter facts apparently 

also induced Gregory (1922) to state that " a moderate degree of taurodontism is a primitive feature for the hominids.** 

The conception that taurodontism must be considered a specialization as assumed by Keith is based on two 

suppositions. First, it should not be transmitted to recent man and second, it should never be found in anthropoids. 

I must say it is rather surprising that such an opinion could be maintained for so long, for both suppositions are erroneous 

as has been proven already many years ago. As to the first mentioned claim Shaw (1928) proved that large pulp 

cavities are very common within the native population of South Africa of today.' That author differentiates three 

degrees of taurodontism, namely hypertaurodontism as represented by certain Krapina molars, mesotaurodontism as 

found in the Neanderthal group and finally hypotaurondontism as present in recent Bantu-Boskop hybrids. Shaw found 

"taurodont skulls]* in the following percentage: 

; j># Bantu with Boskopoid element . 36 .3% ^ ^ * £ * ^ ~ \ r i 1 

Bush ** Boskopoid element 33.3 J«&J 

Bush " Australoid element 41.6 

and concludes: * 'Since taurodont races can intermingle with cynodont races of mankind and produce fertile offspring, 

taurodontism is not a character of zoological species rank.** Earlier (1918) Gcrrit S. Miller found taurodont molars 

in ancient Egyptians and modern American Indians. In the mandible of Palaeolithic recent man of Choukoutien 

(fig. 316) the molars exhibit a moderate degree of taurodontism and the same is true for the Wadjak mandible (fig. 323) 

and the Eskimo molars represented in figure 319. Of course, there is a difference when compared with Sinanthropus. 

This difference concerns the roominess of the pulp cavity and its special form. Furthermore, the enlarged cavity 

in modern man is distinctly smaller than in fossil man which, apparently is a consequence .of the great reduction in 

size of the molars as a whole. Apart from this, however, the pulp cavity is. specially .shortened in mesiodistal 

djrection. This reduction, also must be considered a direct consequence of the considerable diminution of the 

molars in this direction as shown above. If the diminution commonly is still more advanced in recent man than in 

those rare cases just described or given in the literature, it must be considered as a special, change concomittant with 

the decrease in size and robustness of the molars in the course of human evolution. .. » Mi^, 

It must be kept in mind, however, that even within the Neanderthal group there are molars which do not 
differ from those of recent man in regard to the smallness of the pulp cavity. According to .Virchow (1920) the 
pulp cavity of the molars of the adult Ehringsdorf mandible is narrowed in the same way as jn.recent molars, namely 
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the roof and floor almost touch each other. Figure 238 represents a copy of Virchov/s diagram. Considering the 
fact that the molar in question is that of an old individual Virchow assumes it possible that such a narrowness may 
occur in molars of fossil hominids in general when they have reached the age. In Sinanthropus the conditions are 
certainly different; for even in badly worn molars in which the greatest part of the crown has been worn off, the pulp 
cavity is still much larger than in corresponding teeth of recent man. 

It is a widely distributed assumption that ''taurodontism", that is to say, large pulp cavities, does not occur 

in anthropoids, hence the conception of specialization in fossil man. Gerrit Miller already in 1918 proved that typical 

taurodont molars may be found in chimpanzee as well as in orang. In his plate I, fig. 2 , he illustrates this fact by 

a skiagram of orang molars. I can fully confirm Miller's statement. In our relatively small collection of adult 

orangs there is one female specimen (fig. 320) with strongly worn molars but with typical taurodomism, the pulp 

cavities revealing exactly the same degree of extension as in the Sinanihropus molars (compare figs. 307, 309, 314). 

Another female orang of our col'ection (fig. 321) displays narrower cavities. The same is true of the female gorilla 

presented in figure 318. It would be interesting to know the exact conditions in Australopithecus. Unfortunately, 

the skiagrams given by Dart (1934) are too indistinct too permit Judgement and besides the molars of this specimen 

are not fully developed. With reference to Dryopithccus Gregory and Hellman (1926) supplied many skiagrams 

(plates 20-22) but none of them allow a definition of the character of the pulp cavities. Our own collection of 

fossil orang molars also fails to yield any information in this respect, since the teeth either represent immature types 

or the roots are broken off or lost exactly in the stem region. But in any case the fact that taurpdontism occurs 

occasionally also in anthropoids (orang and chimpanzee) of today is sufficient to arrive at certain conclusions f 

Taurodontism as found in fossil hominids (Sinanthropus, Neanderthal man) is a characteristic primitive feature and 

cannot be taken as an indication of specialization. It disappears in the course of human evolution but may also be 

observed to persist in recent man, in palaeolithic as well as modern, in the latter case apparently confined to certain 

races (Eskimo, Bushman, Amerindians). Its occurrence in recent anthropoids, although restricted to individual cases of 

chimpanzee and orang, indicates that taurodontism must have been characteristic for the unknown ancestor of anthropoids 

and hominids and has the tendency to disappear in both these groups, neither group * having reached the hnai stage 

completely. This fact adequately explains the great variability prevailing in recent man. Thus, it is also impossible 

and unnecessary to distinguish sharply between different degrees of taurodontism as proposed by certain authors. 

There is one exception, however, namely the special case of the Krapina molars. As has been described, 

by Gorjanovic-Kramberger (1906), approximately 5 0 % of the upper and lower molars exhibit roots which are not at 

all divided or in which the division has taken place very close to the apex of the root. This root is not solid but the 

pulp cavity extends in its entirety up to its end or the point of bifurcation. In the latter case the cavity is closed by 

a special lid-like structure. Gorjanovic-Kramberger and Adloff debated on this feature for years. The former 

author believed that the Krapina man, despite of this peculiarity, is in direct ancestry of recent man, while the latter 

insisted that the differentiation in question must be considered a typical specialization excluding the entire krapina 

population from the ancestry of recent man. Figure 235 represents a copy of Gorjanovic-Kramberger's skiagram 

(1910) showing the characteristic appearance of such affected roots. The only difference from normal roots is the 

great extension of the undivided stem toward the apex of the tooth with the division in the usual level having failed 

to occur in such a case. As in the course of normal ontogenetic development the stem of the root is formed first 

and the division represents a secondary stage, the special feature in question in reality is nothing else but an anomalous 

persistence «of juvenile conditions.* It is of significance in this respect that the anomaly has been found most pro

nounced and most frequent in third molars. 

In Sinanihropus or other fossil hominids a similar feature does not exist. Keith (1924) however described 

the same formation in molars of Malta and St. Brelade which he considers to be Neanderthal types. No case of its 

occurrence in recent man is reported until now in the literature. Therefore, the roots of the Krapina molars seem to 
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be actually representing a feature peculiar to that hominid type. Even so,'there is not the slightest justification for 

considering, the Krapina population in general as a specialized discontinued branch of hominids. For the malformation 

4$ found in only about one half of the cases, being absent in, for instance, the mandibles E and F (Gorjanovic-

Kramberger, 1910). At best one could assume that individuals affected with such anomalous roots have left no 

direct descendants within recent mankind. But even for such a restriction real evidence is lacking because is is not 

known whether the malformation of the Krapina molar roots has been of dominant character or has disappeared in the 

descendant by breeding with nonaffected individuals. There are a great number of malformations in recent man 

.with the latter alternative. This standpoint is in full conformity with Gregory's (1922) conception of the feature 

discussed. Eugen Fischer (1913) in summarizing his views on the Krapina problems staled that no phylogenetic 

.conclusions can be drawn from those anomalous. formations either in a positive nor in a negative sense. 

Taking all these facts into consideration, it seems to me that the time has come to definitely .drop the so-

called taurodontism, even in its exaggerated form as met with in certain Krapina molars, as an argument against 

the direct relationship between recent man and not only the Krapina individuals but also the entire Neanderthal 

fcroup. As proven by Sinanthropus the roominess of the pulp cavity is a primitive hominid character which has 

become lost as a consequence of the reduction of the entire tooth in the course of human evolution. . 

i 
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. ::&: . . . B. THE DECIDUOUS DENTITION 

The deciduous dentition of Sinanthropus is of the greatest importance because for the first time such a complete 

and well preserved collection of deciduous teeth of a fossil hominid has become available. Hitherto, we were only 

familiar with a certain number of milk teeth of the Neanderthal group, namely with those of the Krapina man and 

the Gibraltar child. The Krapina teeth, however, represent isolated specimens and apparently are in such poor 

conditions that Gorjanovic-Kramberger (1906) did not attempt to give more than a very cursory description. Of the 

Gibraltar child m& and ma are preserved jh situ and also only briefly described by Buxton (1928). 

,'•' The deciduous teeth of Sinanthropus are represented by. 13 specimens, 12 in situ and only I isolated, all 

of which belong to the lower dentition. Most of the specimens are well preserved and, though partly worn, permit 

an accurate judgement of their characteristic features. As to the individual types, there is only one central and one 

lateral incisor. The crown of the latter is rather damaged with only an insignificant part of the cutting edge 

preserved. In addition, there are three canines, one of which is in excellent state of preservation and does not show the 

slightest trace of attrition. Of the three first molars there are only two available for comparison, the. crown of the 

third one being broken off. The second molars are represented by five specimens, three of which are only slightly worn. 

In respect to size, the majority of these teeth are relatively very small, with the exception of two which 

belong to mandible B III and may represent the. large (male) type. >*«£'• 
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1, INCISORS (figs'. 186, 299, 303) 

The general appearance of the central incisor exhibits the same peculiarity which characterizes all permanent 

teeth' of Sinanthropus. Although small, it is a very stout tooth with the upper portion of the root only slightly 

shorter and narrower than the crown (fig. 186, a-d). The latter has a wedge-like form. Viewed from the mesial 

or distal side the crown is broad and overhangs at its base, thinning out gradually and equally on either side 

toward the cutting edge. The mesial and the distal sides themselves represent a triangular field with thickened 

borders continuing towards the edge. The buccal surface is somewhat longer at the edge than at the base and is 

moderately convex (o); the lingual side is slightly deepened so that its base forms a rounded swelling overlapping 

the neck. The cutting edge is not preserved. 

The root is relatively long, very strong and almost circular in cross section. The apical portion is eroded 
already by the permanent incisor (fig. 303). 

The basal swelling of the lingual surface, together with the peculiar triangular field of. the mesial and 

distal sides, resemble the conditions described above as characteristic for the permanent canines. In the case of the 

incisor this structure must be considered as a derivative or remnant of a primary cingulum, while the lingual tubercle 

is only faintly indicated. v*. 

In recent man (fig. 187) the crown is much more slender and narrower toward the edge and the entire 

pattern of the surfaces has become obscure so that their real nature can only be judged when compared with the 

original pattern of Sinanthropus, The root is remarkably reduced in robustness. 

The central incisors of anthropoids are approximately the same when compared with each other and differ 

from those of Sinanthropus only in the more pronounced development of the basal swelling of the lingual surface and 

its stronger projection. 

' In all three anthropoids the surface also shows a slight median elevation. The most striking peculiarity, 

however, of anthropoids is their differences in size, those of orang and chimpanzee being so much larger than those of 

gorilla that even the incisors of a male gorilla are inferior to those of a female chimpanzee. Sinanthropus closely 

resembles the gorilla in this respect. I shall return to this question below. 

The description of the Krapina incisor given by Gorjanovic-Kramberger unfortunately is so vague as to make 

it impossible to derive therefrom the feature specific for the Neanderthal type. 

The crown of the lateral incisor (fig. 299) of Sinanthropus is too damaged to warrant a description. 

2 . C A N I N E (figs. 188, 190, 191, 193, b; 299, 303). 

T h e general appearance of the Sinanthropus canine displays that disproportion between crown and root which 

is so characteristic for the central incisor, in a still more pronounced way (figs. 190, 6; 193, &). The root is very 

long and strong and the crown appears only as a small hood placed upon it. The crown itself is long in relation to 

its height (fig. 188, o, I) and equally pointed. | 

The buccal surface is bordered by a basal arch-like swelling which ascends toward each side, to a higher 

level on the mesial than on the distal side. At each termination of this swelling the cutting edge begins, culminating 

at the tip which is slightly shifted mesialwards. The surface itself is strongly convex with an additional distinct and 

broad elevation in the median region. .The basal swelling in the case illustrated in figure 190 is very pronounced ana 

appears as a special rim folded outward on the distal border. | I 1 ) 

~ The lingual surface (figs. 188, /, o; 190, / and 191). is slightly concave and bordered on all three sides by 
:i a thickened rim. This, rim as evident in figure 190 takes the character of a distinct fold, especially in its basal parti. 
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Toward the tip a small elevation is present which ends in a knob-like thickening at the tip. The mesial side 

(figs. 18o, m and 190, m) offers a similar aspect as in the central incisor, namely a triangular field is formed by the 

meeting of the basal swellings of the buccal and lingual sides the apex of which continues directly into the cutting 

edge. The distal side, slightly damaged in the specimen presented in figures 188, shows a special feature in so far 

that the basal structure projects stronger lingualwards here (o). This peculiarity makes the tooth appear asymmetrical 

when viewed from above (figs. 188, o and 190, o). In figure 190 there is even a double fold at this point. It is 

surprising how close the entire appearance of the crown of this lower deciduous canine conforms to that of the per

manent upper canine of Sinanthropus (compare figs. 38 and 39), the former representing only a miniature pattern of 

the latter. This holds good not only for the basal structure with its mesial and distal differentiations but also for the 

configuration of the upper parts. For the basal structure of the deciduous canine must be considered as a typical 

cingulum which ascends, as shown above, always ta a higher level on the mesial than on the distal side. • 

The root of the Sinanthropus canine (fig. 193, 6) is long, broad and almost entirely circular in cross section. 

The circuit remains approximately the same up to the end of the root (the apex itself is eroded). The crown overlaps 

the root considerably, especially on the mesial and distal sides. 

In comparing the Sinanthropus deciduous canine with that of recent man (figs. 189, 193, a) the differences 

as far as their general appearance is concerned have the same character as those observed in the permanent dentition. 

The crown of the canine of recent man is higher but narrower and the whole pattern is obscured and its details can 

only be defined on the basis of the Sinanthropus pattern. Although the recent canine is relatively higher than that of 

Sinanthropus the latter is much more pointed, the angle formed by the mesial and distal section of the cutting edge 

amounting to approximately 87° against about 94° in recent man. Differences likewise exist in regard to the roots. 

That of the recent canine is slender in relation to the size of the crown and tapers off and there is only a slight 

overlapping of the crown. 

The deciduous canine of recent anthropoids is much higher and much more pointed than that of Sinanthropus, 

However, it conforms to the latter in regard to the development and the differentiations of the cingulum, at least 

as far as the orang is concerned. The resemblance of the Sinanthropus deciduous canine to that of the orang also 

concerns the special shape of the crown. The latter is more compressed in buccolingual direction in orang, while 

in chimpanzee and gorilla the crowns are rather pyramid-like with one edge descending more in distolingual direction. 

Thus when these canines are viewed from above, the distolingual portion appears to be more accentuated than the other. 

The existing differences become much less significant when the deciduous canine of a fossil orang is taken for com

parison (fig. 192). This canine is much stronger in crown and root than that of Sinanthropus. However, not only 

the proportion of crown to root but also the proportion of the crown itself are strikingly similar to Sinanthropus. 

Such conformity is also true for the cingulum and the configuration of the lingual surface, with the exception that 

here two median ridges emerging from the tip are developed. The double fold of the distal border of the lingual 

surface in Sinanthropus given in figure 190, /, seems to correspond to the marginal and.the distal ridges of the two 

median ridges in fossil orang, while the asymmetry in favour of the distolingual edge in Sinanthropus (fig. 188, o) 

must be considered to be the same formation just described of chimpanzee and gorilla. It can therefore be stated 

that the canine of Sinanthropus resembles that of this orang even closer than that of recent man. 

' As to the deciduous canine of the Neanderthal group the brief description given by Corjanovic-Kramberger 

(1906) shows that the canine of the Krapina man resembles in the triangular shape of its crown and the special 

formation of its buccal surface with its elevated middle part the Sinanthropus tooth structure. This is also true of 
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?>&&;• -"»*-' - * /v 3. M O L A R S : - : . ::?•-^ "r- ^.•-. ./f r ; T . 
In the general discussion on "the position of hominids in relation lo anthropoids the deciduous molars were 

given much more attention than the incisors or even the canines.. In his often cited book Adloff (1908) claim* 
that the deciduous molars of man, especially the first one, should be primitive and those of anthropoids specialized 
with the result that the entire first dentition of anthropoids must be considered to be as fundamentally different 
from that of hominids as should be true for the permanent dentition. . •, 

;>•*$ a- T H E FIRST M O L A R (figs. 194, 199, 299, 303) i 

The best preserved first molar is somewhat worn. The wear is evident by the smoothness of the talonid basin 

and in particular by the leveling of the protoconid to such an extent as to expose the dentine (figs. 194 m oY. 

The crown is long and narrow (index: 71.5) and relatively low, despite the height of the protoconid itself the 

supposed original height of which is marked by dotted line in figure 194, b; this restoration was made on the basis 

of the extension of the worn off part." 

The buccal surface is bordered at its'base by a very pronounced cingulum whicb causes the mesial' moiety to 

overlap and descend considerably (fig. 194, m) that gives the tooth when viewed from the mesial side a rather peculiar 

aspect. This feature corresponds to the so-called *'tuberculum molare** in recent man (fig. 198, 6, m). The buccal 

surface itself recedes considerably and is divided by two deep furrows in three areas of unequal size. The middle 

area is the largest and corresponds to the protoconid. The position and direction of its attrition facet indica*es that -

this cusp was pointed with the tip closer situated to its mesial border (fig. 194, b, I). The distal area is represented 

by the much lower hypoconid. The most interesting portion of the buccal surface, however, is the mesial onei 

It appears to consist of the ascending portion of the cingulum reaching the chewing surface itself and continues into 

the mesial edge whicb borders the mesial surface (compare 194, o). Yet, the occlusal and especially the mesial 

•(m) views reveal that in reality there is no continuous line at all but the point in which the ascending portion of the 

cingulum meets with the horizontal is marked by a_distinct_and_faintly_ pointed elevation (fig. 194, o t m. o) representing 

nothing else but, the paraconid. / c; • • .,* ?: », 

. The- lingual surface (fig. 194, 7) of the crown exhibits that the crown here is much lower than on the opposite 

side. Furthermore, there is no special subdivision with the exception that the metaconid rises above the chewing surface 

in the form of a well pointed cusp. The characteristic feature of the mesial surface (m) has already been mentioned. 

In addition, it reveals the real position of the two or better three trigonid cusps. 

The distal surface (d) fails to show any peculiarity but the distal view displays very distinctly that the trigonid 

portion of the molar is mucb higher than the talonid one, a condition also observable by buccal and lingual views (o, /): 

The occlusal view (o) completes the picture of the molar pattern furnished by the other aspects. The most 

striking one is the presence of a completely regular trigonid with the three cusps and both mesial and distal crests. 

The protoconid occupies the apex of this triangle, while the basal angles are formed by the metaconid and the paraconid. 

The only divergence is the smallness of the paraconid and its being shifted closer to the buccal side and to the protoconid. 

The distal trigonid crest emerges from the distal spur of the protoconid and courses in. a wide arch directly to the tip of 

the metaconid. The mesial trigonid crest emerges from the mesial spur of the protoconid and terminates in a very 

snort distance in the paraconid. The paraconid continues lingual- and distalwards along the thickened mesial edge 

which is separated from the metaconid by a distinct indentation (fig. 194, /, o). The trigonid basin is represented by 

a V-shaped depression the apex of which corresponds to the just described indentation. The walls of the basin are 

formed by the respective slopes of the protoconid arid metaconid and the mesial edge connecting the paraconid with 

the metaconid. The talonid portion of the molar is formed on the buccal side by the hypoconid which represents an 

extensive ridge without any distinct tip (caused by attrition?),.and on the lingual s.idc by the distal spur of the metaconid: 

the hypoconid ridge and this spur continue from both sides into the distal edge. .Therejs.no indication of additional 

http://Therejs.no


"•/>' V W' re? way /iW*'^ - J 

JVcu) Scr. D" M^ciJcnrrfcfcr-l-Siiiii/Aropiw DenttHon 0) • 113 

cusps or elevations. Whether this peculiarity represents a consequence of attrition or an original character I do not 
venture to state. The talonid is an oval basin surrounded by the formations just described. It is separated from the 
trigonid by the distal trigonid crest and the slope of the metaconid. That the entire trigonid portion rises to a higher 
level than the talonid has already been mentioned. The trigonid basin Is shorter and narrower than the talonid basin 
but the trigonid as a whole, which embraces the entire area of protoconid and metaconid, is as large and long as the 
heel-like talonid. In spite of the relative smoothness of the trigonid and talonid—the latter probably due to attrition 
—-there are indications that wrinkles have existed. The protoconid slope bordering the trigonid basin and the 
metaconid slope bordering the talonid basin show few accessory ridges. 

The root consists of a low stem and two widely diverging and curved branches with a broader mesial and 
a narrow distal one (fig. 303). The former is obliquely orientated with its buccal side turned mesialwards, while 
the latter exhibits a plain transversal direction (fig. 341). 

The other first molar of Sinantkropus of which the crown is preserved (fig. 199) is so worn that details of its 
pattern may only be defined as far as the mesial part of the trigonid is concerned. In this case there is also a well 
developed cingulum with a distinct tuberculum molare (fig. 199). The trigonid basin with the bordering structures, 
namely the basis of the paraconid, the protoconid and the metaconid and the ends of the mesial and distal crests are still 
recognizable. The extent of this area corresponds to the inferior size of the entire tooth which is very small. 

The first molar of recent man (figs. 198, 206) differs in a very characteristic manner from that of Sinantkropus. 

The difference in size is, curiously, much lower than in the permanent teeth, and still more striking is the difference 
in shape. When the buccal and mesial surfaces are compared (figs. 194, b, m and 198, o, m), then it may 
be observed that the tuberculum molare is developed in recent man also, but since every indication of a cingulum 
is lacking this tubercle is much less distinct than in Sinantkropus. The greatest difference, however, concerns the 
mesial area of the crown. In recent man the mesial side of the buccal surface appears to be shortened and cut off 
vertically. The ascending portion of the cingulum and the paraconid are lacking. This will become particularly 
evident when comparing the mesial surfaces (m). The protoconid of recent man is much lower and less pointed and 
the same is true for the metaconid (1). The talonid is only slightly lower than the trigonid. As is revealed by the 
occlusal views (o) the areas of the trigonid and talonid are still distinguishable but all contours are completely smooth 
and obscure. Bennejeant's (1936) claims that the paraconid forms a regular component of the pattern apparently 
contradict the facts. The general contours of the trigonid, it is true, are preserved but not this cusp. The molar 
gives the impression as if all the projecting parts had been ground off and subsequently polished. The root has, the 
same character as in Sinantkropus, except that it is much weaker and more slender. 

In describing the permanent molars attention was already called to the fact repeatedly that there were 
great differences within the various recent races of mankind in regard to the special appearance of the tooth pattern. 
The same is true of the deciduous molars. Figure 206 illustrates the first molar of a North Chinese child. Apart 
from the fact that this tooth is much shorter but broader than that of Sinantkropus (length-breadth index: 91-2), the 
buccal surface shows an indication of a cingulum, at least its ascending portion, and a special relief. In addition, 
the chewing surface is very complicated, not only because of the existence of relatively numerous wrinkles but also 
because of a segmentation of the entire border of the talonid with the result that four distinct tubercles (hypoconid, 
entoconid and two between them) are recognizable. In the trigonid portion the paraconid is indicated and likewise 
the sharply bordered basin; the mesial crest is also discernable. In most cases the trigonid is longer than the talonid. 

The first molar of the anthropoids (figs. 195, 197, 200, 210) resembles in its long oval shape (length-breadth 
indices: orang 64.0, gorilla 67.2) very closely the Sinantkropus molar. The only major difference concerns the 
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configuration of the trigonid portion. The entire trigonid area seems to be transformed into a uniform elevation with the 

tip of the protocpnid representing the highest point. From here a crest courses down and mesialwards to the tapering 

mesial end of ihe tooth; it terminates again in a fine point at which the cingulum ascending on the buccal side meets 

the border of the chewing surface (figs. 195, 197, 200, 210). This point may correspond to the paracpnid. The 

metaconid is merged with the protoconid, only its tip is left and appears as a second tip of the protpconid situated 

more or less lingual- and distalwards. The trigonid basin has been lost completely. Because of this transformation 

the trigonid area has adopted the character of a sectorial pattern. The three anthropoids differ in regard to this pattern 

chiefly in the degree in which the metaconid retains its independence. It may be closely attached to the protoconid or 

more removed from it. In the specimens at my disposal the distance is shortest in chimpanzee and longest in orang, 

however great individual variations may be. The talonid portion is considerably lower than the trigonid (fig. 197) and 

rather resembles a slope of the united proto- and metaconids than an independent appendix of the trigonid. In orang 

as well as in chimpanzee the chewing surface is covered by wrinkles. They show the same character as in the permanent 

molars, with the exception that they are-finer in structure. ». * •• •» • •» • , •» . . . 

As to the root it is characteristic for all three anthropoids that the anterior branch is obliquely orientated 
like in Sinanthropus* ' ' 

The description of the anthropoid molar given above is derived from the conception that the conditions peculiar 

to Sinanthropus must be considered as the primary ones and those of the great apes as secondary specializations and 

not the reverse. This statement is based upon four decisive facts, namely first the individual and group variations within 

the anthropoids, second the special appearance of the first deciduous molar of Australopithecus (see below), third the 

similarity of the specialization between the firs*t deciduous molar and the first premolar in. anthropoids, and fourth 

the conformity in principle of the second deciduous molar in Sinanthropus and anthropoids (see below). The individual 

and group variations show that no stabilization of the pattern has taken place. However, occasionally the three 

trigonid cusps in their characteristic mutual position and traces of the respective crests may still be observed. 

. Unfortunately, no first deciduous molar .of DryopUhecus or Sivapiihecus has become available. One milk 

molar of DryopUhecus germanicus has been defined by Gregory and Hellman.(1926) to represent a second (see 

below). T h e appearance of the first deciduous molars of Australopithecus (fig. 201) is of greater importance. 

These teeth apart from their more square form (length-breadth index according to .W. Abel (1931) : 82.7 and 

86.2, respectively) and as far as the trigonid is concerned are directly identical with the first deciduous molar 

of Sinanthropus (compare figs. 201 and 194, o). T h e trigonid composed of the strongly worn protoconid, the 

less worn metaconid, the distal crest connecting both cusps and the reduced paraconid, is easily recognizable 

despite the attrition. T h e presence of the latter cusp which marks the end of the ascending portion of the cingulum 

cannot be doubted as a comparison of the buccal views of the Australopithecus (fig. 196) and the Sinanthropus 

(fig. 194, b) molars reveals. Like in Sinanthropus the paraconid is shifted closer to the buccal side and to the protoconid. 

The trigonid basin is represented by exactly the same V-shaped pit. The talonid, it is true, seems to be different. 

First of all it is much shorter and broader (fig. 201) and it is possible that the hypoconid and the entoconid were better 

developed than in Sinanthropus. Whether some significance has to be attached to this peculiar form ot the 

Australopithecus tooth is questionable because of the extraordinary variability of .the respective outlines in W / h r o p u s , 

anthropoids and recent man. T h e length-breadth index of the Sinanthropus -molar of figure 194 «i 71.5 and that ot 

figure 199 85.7 (Australopithecus 82.7 and 86.2 respectively). For the chimpanzee W . Abel (1931) found an index 

variability ranging from 56.2 to 98.1 on the basis of Remane's measurements. The respective indices for recent man 

given by W . Abel reveal a variability ranging from 71.2 (Bushman) to 91.4 (Maori). Since AustralopUhecus has o 

be classified as an anthropoid (see below) there is no doubt that the almost complete preservation of the trigonid in 

Sinanthropus and Australopithecus must be taken as a primitive character and its loss in recent anthropoids as secondary 

differentiation. , 
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The first milk molar of the Neanderthal group is preserved in the Krapina findings and in the mandible of the 
Gibraltar child. As to the former Gorjanovic-Kramberger (1906) emphasized the fact that the tooth is narrow in 
the trigonid region, although the crown as a whole is broader than in recent man. He gives the length-breadth index 
as being 80.2. The tuberculum molare is only faintly developed. The molar of the Gibraltar child (figs. 205 
and 209) is, according to Buxton (1928), by no means outside the range of variation in size or pattern of that of recent 
man. However, as is evident in figure 205, the tooth distinctly tapers off toward the mesial end. Unfortunately, 
the high degree of attrition does not permit a certain judgement; it seems, however, that the distal trigonid crest 
connecting the protoconid with the metaconid is still preserved, while the mesial part of the trigonid and the trigonid 
basin are reduced to a small fissure and the mesial edge bordering the latter. The trigonid is much higher than the 
talonid (fig. 209). The presence of a cingulum is indicated by a slight swelling at the base of the buccal surface 
and a fine groove at the boundary between the protoconid and hypoconid areas (fig. 209). A distinct tuberculum 
molare is missing. The length-breadth index amounts to 93.7 according to Buxton's measurements. The talonid 
is relatively long and formed by the hypoconid and entoconid and by at least one more tubercle, probably the mesoconid. 

As much as could be judged from the scanty material of Neanderthal molars, this type links Sinanlhropus 

with recent man. However, the paraconid has already been lost and the entire trigonid region transformed to a 
great extent into that feature which characterizes recent man. 

The tuberculum molare of the first deciduous molar has played a great role in the debate between Remane 

(1931) and Adloff (1931). In the first permanent premolar of anthropoids, as shown above, the basal part of the 

crown, together with the buccal side of the mesial branch of the root projects in mesiobuccal direction, a phenomenon 

associated with and apparently partly dependent upon the sectorial character of the tooth. The sectorial character of 

the premolar is combined with a large and overlapping upper canine. Thus the same feature in the first deciduous 

molar may likewise indicate the occurrence of a big and overlapping upper deciduous canine. The crown of the 

first lower deciduous molar in Sinanthropust it is true, does not show a sectorial pattern but the existence of the 

tuberculum molare and the position of the mesial branch of the root is the same as in anthropoids with a sectorial 

structure of the first premolar (compare figs. 194, m and 341 with 88). In addition, there is a distinct diastema 

between canine and the first deciduous molar in Sinanlhropus (fig. 299, a, b, c, see below). All these features 

indicate that in Sinanthropus or at least in one of the preceding stages of evolution a large upper deciduous canine may 

have existed. Unfortunately, no such tooth of Sinanthropus has as yet been recovered and thus leaves this question 

open for the present. 

Another point which deserves note is the conformity of the sectorial character of the first deciduous molar 

and the first permanent premolar in anthropoids and the pure non-sectorial character in the same teeth of Sinanthropus. 

Some authors tend to interpret Leche's (1915) proof, namely that the deciduous dentition of mammals has in many cases 

retained more primitive peculiarities than the permanent dentition, in the sense of Haeckel's law, which means that 

ontogeny is a recapitulation of phylogeny. Such an interpretation is not quite correct. For there must have been in 

every stage of phylogenetic evolution of the mammals a deciduous as well as a permanent dentition with the latter at 

all times replacing the former, thus making it practically impossible for the permanent dentition ever to have functioned 

in place of the deciduous dentition as apparently implied by that interpretation of Leche's viewpoint. It may occur 

that a deciduous tooth becomes a permanent one but the reverse is impossible. Each dentition is only a part of the 

masticatory apparatus and strictly adapted to the special conditions of the latter. At no time during the process of 

evolution can juvenile jaws which are adapted to accommodate the deciduous dentition also have served to do so for 

the permanent dentition. There does not exist a genuine homology between the individual types of deciduous and 

permanent dentition, but only an equivalence. Each dentition follows its own law. 'Thus, all that we can undertake 

is to compare the corresponding dentitions with each other, namely the deciduous or the permanent dentition of one 
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stage with the deciduous or permanent of the preceding stage. Primitive structures will be manifest in both dentitions 
independently. At best it may be that these are retained with more persistence in the deciduous dentition than in 
the permanent one. Therefore, the fact that deciduous teeth of a given stage of phylogenetic evolution fail to reveal 
more of a supposed feature than the permanent teeth of the same stage does not at all prove that such a feature had 
really never existed in an earlier stage. 

In the case discussed here the deciduous dentition of Sinanthropus shows exactly the same conditions as those 

applying to the permanent one, namely the first deciduous molar and the first premolar are of a non-sectorial type 

although certain other features (tuberculum molare and position of the root) are characteristic for a sectorial type. 

As the deciduous molar as well as the premolar, in contrast to anthropoids, do not show a sectorial character and the 

canines conform to this feature, both dentitions reveal the same fact, namely that Sinanlhropus and the hominids 

represent a primitive stage of evolution, while the anthropoids have already become differentiated in a special direction. 

Australopithecus is undoubtedly closer to the hominids in this respect than to the anthropoids. 

Second molar (figs. 199, 202-204, 211 , 299, 303, 343, 344) 

The teeth best preserved are reproduced in figures 202 and 343. These molars supplement each other in so 

far as some of the special features are more distinct in one or the other. In its general appearance the second molar 

is molarized exactly as much as the first one. With reference to the form there is no essential difference: the molar 

is oval with a longer longitudinal axis. However, as is true of the first mo'ar, there is a great variability with the 

length-breadth index ranging from 71.7 to 68.2. The main difference' between these molars is that the second is 

considerably larger than the first one (see below). 
\ _ * "*r" 

The buccal surface is characterized by its strong retrocession lingually (figs. 343, m, d, o and 202, m, o). 

This peculiarity causes a strong projection of the basal part of the crown which however is not as distinctly delimited 

as in the first molar. Furthermore, there is no tuberculum molare nor an overlapping of the enamel. On the other 

hand there are two indentations (fig. 343, b and 202, o) cut in rather deeply. In the special case of figure 343 (b, o) 

these indentations widen toward the upper border, thus exposing a triangular area. In the case of figure 202 (o, o) 

the indentation is narrower and shows more the character of a simple cleft. The indentations separate the protocomd 

from the hyppconid and the hypoconid from the mesoconid, respectively. There is no doubt that the features in question 

are the same as those which occasionally are observed to be very pronounced in gorilla (fig. 210). They apparently . 

represent analogies to the stylar cusps with the projecting basal part which forms the lower border of the indentations 

representing the cingulum. The lingual surface is strongly convex and exhibits only one indentation separating the 

metaconid from the entoconid (figs. 202, / and 343). T h e mesial and distal surfaces are slightly convex and 

protruding but do not display any peculiarity worth special note. The trigonid portion of the molar is higher than 

.the talonid. In the case of figure 343 the protoconid is strongly worn (o), so that the real conditions may be 

recognized to better advantage if the molar is viewed from the Ungual surface (/) with the height of the metaconid 

exceeding the entoconid considerably. 

T h e most astonishing feature is presented by the chewing surface (fig. 343, o). The trigonid here is 

retained in its entirety, and consists of the very distinct and well separated protoconid on the lingual side and on the 

opposite side of the paraconid and metaconid. The former cusp is represented only by a minute elevation (pd) on the 

outermost mesial end of the lingual edge which culminates in the tip of the metaconid (md). It may assumed I at 

the paraconid had been more pronounced than is evident in the molar now and that a part of it was probably os 

.by contact abrasion (m). But its special character is indicated by a fine indentation which separates it̂  from the 

metaconid (o, /) and in addition by a fold which descends from the metaconid ridge and terminates at the toot o 

the protocomd within the trigonid Basin. The protoconid is connected with the paraconid on one side by a ine 

edge representing the mesial border of the chewing surface and considerably thinned by.the mesial contact facet W , 
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and on the other with the metaconid by a very distinct and high special crest. The first mentioned edge emerges 
from the end of the mesial ridge descending from the tip of the protoconid (partly absent due to attrition) and meets 
the paraconid also on its mesial side; it represents the mesial trigonid crest. The high crest emerges from the buccal edge 
exactly at the indentation between the end of the distal-ridge descending from the tip of the protoconid and that of the 
corresponding ridge of the hypoconid; it meets the metaconid just at its tip and represents the distal trigonid crest. 
Both these crests border the trigonid basin composed of a deep pit the walls of which are formed by the crests 
in question and the slope of the protoconid on the buccal side and the slope of the paraconid and one half of the 
slope of the metaconid on the lingual one. The distal crest separates the trigonid from the talonid. 

The talonid portion of the crown is much larger than the trigonid in longitudinal direction as well as in 
transversal. It represents in the case of figure 343 a smooth regular basin which is bordered by sharp edges on all 
sides. However, this peculiar feature apparently is merely a consequence of attrition. For in the case of figure 202 
b the aspect is very different. In spite of the wear there may be observed in addition to the hypoconid and entoconid 
two cusps (d), one on the buccal side (mesoconid) and one on the lingual (sixth tubercle). Each of these is equipped 
•with a slope of its own the worn facets of which constitute a characteristic feature of the talonid basin (fig. 202, o). 
In figure 343 the basin exhibits fine furrows indicating the boundaries of the cusps and also the presence of several 
wrinkles. As to the size, the hypoconid in both cases is the largest of the talonid cusps. The arrangement of all 
cusps—trigonid and talonid—corresponds, so to say, to the "Dryopithecus pattern1 * with the metaconid representing 
the largest and in particular the longest cusp. The line separating the trigonid from the talonid courses approximately 
in transversal direction. .-^:;, ^yv* 

The molar illustrated in figure 202 gives a more detailed outline of the configuration of the trigonid portion in 
Sinanthropus. A distinct paraconid, it is true, is absent but there is a clear distal trigonid crest which descends from the 
tip of the metaconid and meets the spur of the proloconid at the same point like the one described in the case of 
figure 343. The crest differs from the latter by three peculiarities, namely it is lower, interrupted by a longitudinal 
fissure and its lingual portion is subdivided by some distinct wrinkles. "The existence of wrinkles characterizes the 
entire trigonid basin. The basin is larger than in the first described case and yields a more complicated aspect on 
account of the wrinkles, but in principle it represents a typical trigonid basin despite the absence of the paraconid. 
The arcade of the mesial edge linking protoconid and metaconid forms the mesial trigonid crest here. 

The difference between these two molars in the configuration of the trigonid portion is of considerable importance. 
For it demonstrates the existence of a great variability also in the deciduous dentition of Sinanthropus. This variability 
reveals exactly the same peculiarity which has been ascertained to be typical of the first and second premolars of 
Sinanthropus, namely as such forming transitions between a primitive stage of evolution (fig. 343) and a more 
advanced one leading to recent man (fig. 203). 

The other preserved crowns of the second Sinanthropus molar (figs. 303 and 304) are too worn to shed any 

further light on the features under discussion. 

The root of the molar of figure 343 is broken off. The only detail to be recognized is a distinct constriction 
of the neck region. In the case given in fig. 202 the constriction is much less distinct (fig. 211, b) as is evident from 
the skiagram (fig. 303). Here the stem of the root is very large and the two branches are low, large and stout. 

• In contrast to ihe first molar both branches here are orientated in transversal direction. The skiagrams likewise show 
that the pulp cavity is very extensive and resembles the conditions of the permanent molars.. >• 

The second molar "of Sinanthropus may be compared with that of anthropoids to the best advantage by beginning 
with Gregory's (1922) statement on the only deciduous molar known hitherto of an extinct anthropoid, namely that of 
the molar of Dryopithecus gcrmanuus. According to Gregory, this molar is more primitive than that of a recent chim-
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panzee in that it retained a characteristic primitive pattern: the trigonid being smaller and higher than the talonid the 

hypoconid less protuberant bucally. In Gregory's figure 287 (p. 380) which is reproduced here as figure 344 there are 

placed side by side the second deciduous molars of Dryopiihecus (c), chimpanzee (d) and recent Amerindian (c) with the 

addition of a permanent molar of an Eocene Tarsioid—Omomys—[a) as an example of a very primitive primate molar. 

The Sinanihropus deciduous molar (fig. 343) which has been described above was added by the present author. It is most 

evident from the illustration that the Sinanthropus molar is at least as primitive as that of the stronger worn Dryopiihecus 

and certainly much more primitive than that of chimpanzee. The trigonid in relation to the talonid is shorter in Sinanthro

pus than in Dryopiihecus. The paraconid is more distinct if at all present in the latter and the differentiations of the 

stylar cusps likewise are better developed in Sinanihropus. Furthermore, it is worthy of note that there are distinct 

traces of wrinkles in the talonid basin of Dryopiihecus like those described above as characteristic for Sinanihropus. 

The general resemblance between the Sinanthropus molars (o) and that of the Eocene Tarsioid (a) is remarkable. 

Besides the difference in size, there is one concerning the form of the trigonid in that the original triangle in Omomys 

has transformed into a more quadrangular form in Sinanlhropust apparently in consequence of the reduction of the 

paraconid and its close approach to the metaconid. In the Tarsioid the protoconid together with the metaconid is the 

highest cusp. Such was obviously also the case in Sinanihropus t since the extension of the abrasion of the protoconid 

suggests that its actual height was at least as much as has been supplemented in the drawing by dotted lines in buccal 

view of the tooth (o). 

The fact that the cingulum and traces of i»tylar cusps may occasionally be rather well pronounced in gorilla 

(fig. 210) has already been mentioned above. With reference to the trigonid, it may be well developed in chimpanzee 

as is evident in figure 212, a, b but the paraconid is lacking. The molar of gorilla is of special interest in this respect. 

As Adloff (1906) described, the paraconid has been retained here, a statement which later was confirmed by Remane 

(1921). In the two cases of unworn deciduous molars of goiilla at my disposal (fig. 208) a distinct paraconid is not 

recognizable. On the mesial edge of the trigonid portion there is a thickening connected with a ridge which emerges 

from the tip of the protoconid. Evidently this is the same ridge which Adloff considered to be the mesial trigonid crest. 

The distal crest linking protoconid and metaconid and the presence of which was likewise asserted by Adloff is clearly 

observed in figure 208. Remane (1921) in identifying the two trigonid ridges of the permanent lower molars 

of gorilla with those of the deciduous molar described above accepted Adloff's conception. Earlier herein this 

question was discussed in detail in connection with the permanent molars, thus I shall confine myself now to the 

deciduous molars. Firstly, I fail to agree with the identification of the mesial ridge in the gorilla deciduous molar 

with the mesial trigonid crest. That ridge of the deciduous molar emerges from the tip of the protoconid as the 

middle one of three ridges, the first one leading directly mesialward to the mesial edge and the third one to the tip or 

the metaconid. The lalter in reality corresponds exactly to the distal trigonid crest as is evident from a comparison 

with the Sinanthropus molar (fig. 343). The middle ridge can never pass as the mesial crest because the latter in 

no instance emerges from the tip of the protoconid itself but always from the end of its mesial spur. Such a 

condition can only be carried out by the first ridge, that is to say, the real mesial trigonid crest in gorilla is, like in 

other anthropoids and Sinanthropus, .represented by the arcade of the mesial edge itself. The middle ridge ot 

gorilla has no analogue and must be considered to be a special structure confined to this ape. 

Remane (1921) in attempting to identify the ridges of the trigonid in the permanent molars of gorilla (see above) 

refers to the ridges in the second deciduous molars and considers the middle ridge of the latter (fig. 157) as ldentica 

with the middle ridge of the deciduous molar and in this way both these lidges as representatives of the mesial trigonid 

crest. However, the middle ridge of the permanent molar emerges from the tip of the protocone and leads directly 

to the tip of the metaconid, • hence it cannot represent the mesial crest as outlined above. I have the impression that 

in gorilla molars, deciduous as well as permanent, there is a tendency to duplicate the distal trigonid crest linking 
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protoconid and metaconid: in the deciduous molars the secondary crest is in mesial position to the original crest and in 
the permanent molars in the distal one. At any rate, in this respect gorilla occupies a special place among the 
anthropoids and can thus not be taken as prptotpye. 

The talonid of the second deciduous molar shows some interesting variations within the group of the anthropoids 
with regard to the number, size and position of the cusps. Remane (1921) reports that in gorilla the mesoconid is 
usually the smallest cusp and the entoconid the largest. According to the same author the mesoconid can be 
completely absent in chimpanzee, while on the other hand a sixth accessory cusp situated between mesoconid and 
entoconid may be found to occur. Even another additional accessory cusp has occasionally been observed. In the 
gorilla molar illustrated in figure 208 the mesoconid with its position exactly in the longitudinal axis is well developed, 
the same is true in chimpanzee (fig. 212, b). The occurrence of additional cusps observed in chimpanzee is remark
able on account of the same phenomenon occurring in Sinanihropus (fig. 202, o) Wrinkles are very pronounced in 
prang, while in chimpanzee and gorilla they are less distinct; in abundance, arrangement and appearance they exhibit 
the same character as in the permanent molars of the respective genera. 

The second molar of Australopithecus (fig. 201) unfortunately is too worn in the trigonid portion to permit a 
completely equivalent comparison. Nevertheless, some details may be recognized. The entire area resembles closely 
that of the first molar: a distinct paraconid was perhaps not developed, but the distal trigonid crest and the trigonid 
basin are very clear and show the same appearance as in the first molar. The talonid is much larger than the 
trigonid: it is formed by four very distinct cusps: the hypoconid which is the largest one, the entoconid and two 
relatively large distal cusps, a buccal and a lingual one, the former representing the mesoconid and the latter the 
"'sixth tubercle." In spite of the attrition wrinkles are still recognizable. This Australopithecus tooth is surprisingly 
similar to Sinanihropus of figure 202 and demonstrates once more the close relationship between this anthropoid 
and the hominid type. W . Abel (1931) laid special stress upon the more circular form of the Australopithecus molar 
by claiming that this feature should represent a specialization and thereby place Australopithecus outside of the 
hominid order. I hesitate to attribute a decisive taxonomic value to this peculiarity. Abel gives the length-breadth 
index of the molar in question as being 90.1 and at the same time quoted Remane (1921) according to whom the 
maximum index for gorilla is 89-6. In the small chimpanzee material at my disposal there is a variability of this index 
ranging from 73.5 to 87.8 (fig. 212, a, b). 

In comparing the Sinanthropus molar with that of recent man (figs. 206, 207), the first difference to be noted is 
again as in the first molar the difference in proportion of the crown. In Sinanthropus (figs. 202 and 343, 6, /) the 
crown is long and relatively low, while in recent man it is short and relatively high (fig. 207, o, /)• There is no 
indication of a cingulum or its differentiations. The trigonid is not higher than the talonid, its special feature having 
been lost completely. There no longer is any direct connection between the protoconid and metaconid. • The talonid 
is formed by the three main cusps, the "Dryopithecus pattern** being still retained. The occurrence of a sixth tubercle 
is not recorded in the literature. Like the crown the stem of the root is considerably reduced in length (compare 
fig. 211, a with 6) and its branches, especially the mesial one, are weak and curved. 

As in (he first molar there is here also a great individual and racial variation in the appearance of this tooth. 
The second molar of a North Chinese child (fig. 206) demonstrates how great the differences may be. In this case 
there exists a well developed pattern on the buccal surface even with a clear indication of stylar cusps. The trigonid 
basin is represented by a deep pit but the distal crest has been absorbed into indistinct wrinkles. The talonid is 
covered by wrinkles and between the hypoconid and the cusp situated at the distal end of the longitudinal axis is 
one additional and very distinct cusp. I consider this buccal cusp as being the mesoconid because it is separated 
from the hypoconid by a deep indentation. The cusp on the end may therefore represent the "sixth tubercle" which 
would be rather large in this case. This occurrence again shows how very urgent and promising a thorough investigation 
of the tooth pattern of the various races of present mankind is. 
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Of the second molar of the Neanderthal group very little is known. Gorjanovic-Kramberger (1906) merely 
remarked that in Krapina man the molar is larger and considerably broader in the level of the hypoconid than in recent 
man. According to that author the length-breadth index is 88.6-89.0. In the Gibraltar child (fig. 205) the molar 
is considerably worn. Nevertheless, it may be seen that the trigonid region is exactly the same as in recent man 
and that the talonid is also composed of three cusps. As to the general shape the molar is broad as is the rule 
in recent man, the length-breadth index being 90.2 on the basis of Buxton's measurements. 

A comparison of the second molar of Sinanthropus with the anthropoids on one hand and recent and Neanderthal 

man on the other reveals the same fact as in the first molar, namely that the Sinanthropus molar approaches the one 

of anthropoids much closer than that of recent man and that there does not exist a great difference between the latter 

and Neanderthal man in this respect. More than this, the Sinanlhropus molar has proven to be even more primitive 

than DryopUhecus by retaining to a surprising degree the original pattern of Eocene primates. The molarisation is 

much more pronounced in Sinanthropus than in the anthropoid group, with the exception of Australopithecus which 

also occupies a special position herein, bringing it into close relation with the hominids. 

4 . G E N E R A L R E M A R K S 

The peculiarities of the deciduous dentition complete the picture presented by the characteristics of the permanent 

dentition. Here and there special primitive features are retained which place Sinanthropus. closer to the point from 

which the anthropoids, including DryopUhecus and other, have started their special differentiations. It is remarkable 

that the retention of the primitive features in Sinanthropus and the differentiations within the anthropoid group have 

become manifested in the same manner in the first and second dentition, the first molar of the deciduous dentition also 

tending to transform into a sectorial type in anthropoids but not in Sinanthropus. However, the persistence of the 

tuberculum molare and the corresponding oblique position of the mesial branch of the root indicate that teeth approaching 

a kind of sectorial type must have existed in the ancestry of hominids. • Adlofl (1935) attempted to refute this argument 

put forth by the present writer in an earlier publication (1934) by claiming that the special position of the root must be 

considered as an adaptation to the localisation of the germ of the permanent molar which is completely embraced by 

the branches of that root. Adlcff, however, overlooked the fact that this localisation is the same in the second 

deciduous molar without a tuberculum molare and the oblique position of the mesial branch being developed. 

The wrinkles are a characteristic feature of the deciduous molars of Sinanthropus as well as of those of 
anthropoids. On the other hand, the so-called taurodontism, under which an extensive pulp cavity is understood, 
also occurs in the milk molars of Sinanthropus (fig. 303) and Neanderthal man—Gibraltar child (fig. 236). As in the 
case of the permanent molars this peculiarity is characteristic for the fossil hominids but cannot be taken to represent a 
specialisation. 

Adloff's statement that the deciduous dentition of hominids reveals its genetic independence from the anthropoids 

is completely disproven by the plain facts presented in the Sinanthropus dentition. Exactly the reverse is true. 

There exist surprising similarities with respect to the special appearance of the canines and the molars. On the 

other hand very primitive features have been undoubtedly retained in Sinanthropus. But the differences which result 

from this divergency are irrelevant, for it is possible to prove that they are only a consequence of later differentiations 

of the anthropoids in the course of which the latter lost their primitiveness in this regard. The first molar in Smanlhropus. 

for instance, which exhibits the most striking primitive characters, nevertheless undoubtedly comes closer to the 

DryopUhecus molar than any of the Eocene primates. 

^v^-C&!v£>." II. THE ERUPTION OF TEETH S£» %V 
Since only'lower jaws of Sinanthropus with erupting teeth have been discovered hitherto, the following 

statements concern the eruption of lower teeth only. . Further-more, it is self-evident that merely the order in which 
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the teeth erupt can be ascertained and that it is impossible to obtain any information as to the time required for the first 
and second dentition or on the occurrence of a resting period during the latter. ,. • • »*..' V * 

THE DECIDUOUS TEETH 
• 

Although much comparative data are available on the eruption of permanent teeth, little is known about 
deciduous teeth. In recent man the time and the order of their eruption varies considerably. According to 
Zuckerkandl (1902) u and 12 make their appearance first, then follows the canine, then mi and the last one to erupt is mz. 
This order is generally considered to be the usual and normal one. Eichler (1922), however, records that the canine 
appears after the first molar. Whether essential sexual differences exist in the order of eruption like those observed 
in the permanent dentition (see below) I am unable to state due to lack of data in the available literature. Hrdlicka 
(1908) found that no differences existed between American Indian and Caucasian in this respect. Vallois (1934) 
reports that in the Palaeolithic man of Afalou a slight retardation of the canine may be observed. 

As to anthropoids Selenka (1899) supplies some information on the order of eruption for all three apes. 
In chimpanzee the sequence is the same as in recent man, with the exception that the canine is last in erupting. 
For the gorilla the same holds good but here the canine occasionally may appear before the second molar. The 
orang follows the gorilla in this respect. In one specimen of Ccrcopithccus mona the order was found to be the 
same also, namely the canine erupting before the second molar. In the mandible of a very young gorilla of our 
collection the deciduous teeth are in place, except the canine which is in the stage of erupting on both sides. The 
only data for monkeys I was able to find dealt with a Macacus rhesus in which the canine should appear before 
the first molar according to Scheff (1913). •••.>.; 

Of fossil hominids there are no records available because mandibles of such young individuals have not been 
recovered hitherto. So much more important is the fact that we are able to make certain statements on the order 
of the eruption in Sinanlhropus. In mandible B IV (fig. 299) all deciduous teeth are in siiu and completely erupted. 
It is obvious, however, that the degree of attrition is very differert. While the first incisor (the second being damaged) 
and the two molars are more or less worn, the canine is perfectly intact. This condition is fully in contrast to that of 
mandible B I in which the permanent incisors are already in place, while the deciduous canines are worn up to about 
one third of their height (figs. 190 and 191). Their integrity in the case of mandible B IV therefore proves that they 
have undoubtedly erupted as the last ones of the whole series. -•->..•.,.; 

;>fx^ 

Sinanlhropus thus follows the great apes in regard to the sequence of the eruption of the deciduous teeth. 

• THE PERMANENT TEETH 

In recent man the order in which the permanent teeth usually erupt rupt is as follows: 

r*£j"V 

M1 \ I2 P4 C P, M, M 

There are slight variations of individual character which may occasionally alter this sequence in that one or the 
other tooth, except M\ or M3, cuts through somewhat earlier. But as a rule the sequence just given is fixed for the 
entire present mankind with only one exception (see below). For more detailed information the reader is referred to 
the publications by Suk (1919), Degerbol (1931), Grewel (1935). 

In anthropoids and in most of the other groups of primates the order of eruption is different in respect to two 
tooth types (Krogman, 1930, 1931). Schultz (1935) to whom we owe the most recent and thorough investigation 
of this subject, states: "In all primates, except man, the premolars erupt in rapid and varying succession after the 
M2 have been added to the dentition, but before the canines make their appearance.'* Thus M* erupts before the 
premolars and C after them in the. following sequence: 

««»SF wM%iw$mm-Mm& -M mem 



mm). ̂ :fc 
""'•T.jJ'T*' 

(I) 122 &.-*#*! PaUontologia Sinica Whole Ser. No 

#?$&l4#:&f Mi It h Ma Px P a C M. 

101 

**• w 

**•«* <•' 
It is interesting to note that, according to Schultz, the canine erupts later and slower in males than in females 

in some of the piimates as well as in recent man. 

As regards the Neanderthal man Gorjanovic-Kramberger (1906) records in describing the Krapina 
mandible 

C that Ma is already erupted, while ma is still in place. In the mandible of the Mousterian youth all three perm" 
molars are in place together with the left deciduous canine (Klaatsch and Hauser, 1909). According to H V h 
(1920) the order of eruption in the Ehringsdorf child is as follows: -

Mi It I8 C Ma Px P a M3 M' 

In Neanderthal man therefore Ma cuts through, in contrast to recent man, before the premolars similar to the 

condition in anthropoids. On the other hand C in the Ehringsdorf child erupts immediately after the incisors and 

before Ma, a condition which corresponds to the occurrence in recent man, while in the Mousterian youth C is the 

last of the permanent teeth to erupt, at least on the one side of the mandible. It is of great importance that the order 

of eruption of M2 characteristic for anthropoids and Neaderthal man may also occur in recent man According to 

Vallois (1934) the sequence of eruption in the Palaeolithic man of Afalou is as follows: 

Mi Ii la M2 Pi P a C M3 or even M3 C . 

The same is true for the upper jaw of the young Negroid of Grimaldi according to that author. Drennan (1932) 

found that in recent Bushman Ma erupts before the premolars. 

In Sinanlhropus there are two juvenile mandibles which permit judgement on the order of eruption of the 

permanent teeth. In mandibles B I first described by Davidson Black (1929) and illustrated in my publication on 

the Sinanthropus mandibles (1936) in Plate II, figure 3 , and in figure 274 herein there may be seen that the dentition 

of the right side is: 

Ix la c mi ma Mi (Ma) 

that is to say, the permanent incisors are already in place and the same is true of the first permanent molar, while the 

deciduous canine and the two molars still persist. However, Ma is already preparing to erupt, its chewing surface 

being exposed immediately below the surface of the alveolar process. A skiagram of the mandible (Plate VI, fig. I 

in the above quoted publication) demonstrates besides that picture that Ma realiy is situated in the level below the 

surface, whereas the germs of Px and P 2 are still embedded rather deeply within the body of the jaw. 

In the Sinanthropus juvenile mandible B V illustrated in Plate IX , figures 108 in the same publication 

(Weidenreich, 1936 o) and in figures 265 and 266 herein the permanent incisors and the first premolar of the right 

side are in place and in addition the second deciduous molar. Both left and right canines are just erupting, the right 

one being somewhat more advanced than the left. The deciduous canine is already shed. Below the second deciduous 

molar the germ of the second premolar is still embedded in the mandible. The posterior part of this jaw with the 

permanent molars, unfortunately, is missing. 

From both these mandibles it follows that the order of eruption of permanent teeth of Sinanthropus is: ' v f 

*•#>* :Vr'<̂  Mi Ii la Ma P i C P 3 M. 

This order corresponds to what is known of that of Neanderthal man and of anthropoids, namely Ma erupts immediately 

after the appearance of the permanent incisors and before the premolars and the canine. In anthropoids the canine 

erupts very late as the last before M3 or even after the latter. In the gorilla material at my disposal the eruption 01 

the canine is completed if the third molar is already in place. In recent man the eruption of the second molar is de.aye 

and that of the canine advanced when compared with the anthropoids. Sinanthropus and the Neanderthal group follow 

the anthropoids as regards the former tooth and recent man as regards the latter. 

'"*''**''!«' 

- l ^ C 
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The reasons for the early appearance of Ma in Sinanthropus and its retardation in recent man are difficult 
to explain. Degerbol (1931) bel ieves that it has something to do with the upright posture. The posture, however, 
can hardly be the direct cause for the conditions of this tooth, for Sinanthropus and Neanderthal man had already 
stood erect. I rather think that there must be some connection between the earlier eruption of the C and the later 
appearance of the Ma in recent man. For the retardation of C is combined with a special bulkiness of this tooth 
in all primates, except the hominids. Its development therefore requires a longer time than in a case in which the 
canine is smaller. The premolars in particular are not only adjacent to the canine but are more or less directly 
affected by the form and size of the latter as has been shown above. Therefore, they form together with the canine 
a special group with the incisor on one side and the molars on the other. If the canine is small, the whole canine 
group develops more rapidly and in this way precedes the eruption of the second molar. Within this group the canine 
is the last in cutting through in all primates, while in Sinanihropus it makes its> appearance after the first premolar but 
before the second one, conforming thereby to the rule ir> recent man. However, as mentioned above, there is a great 
variability in all groups so that it is somewhat uncertain to generalize the order on the basis of only one observation. 
Such a reservation holds good not only for Sinanthropus but also for the Neanderthal man. 

At any rate, the canine erupts before P* in all hominids. This points to the same direction as has been shown 
earlier, namely that the hominids are derived from a primate stock with smaller canines than those characteristic for 
the anthropoids of today. It would be of Jie greatest interest to know whether there is a difference in this respect 
between the eruption of the upper and lower canines in Sinanthropus. According to Rose (1909), Bolk (1926) and 
Krogman (1930/31) the upper permanent canine erupts in recent man after the premolars and occasionally after 
the second molar. Unfortunately, the conditions of the eruption of the upper canine are not so well known as 
those pertaining to the lower one. 

In the case of Sinanthropus there is an indication that the permanent upper canine, indeed, may erupt after the 
first premolar. The isolated C illustrated in figure 38 shows a much less developed root than P1 illustrated in figure 64 
which apparently belonged to the same individual. 

III. SIZE AND PROPORTIONS OF TEETH AND SEXUAL DIFFERENCES 

In previous chapters repeated reference was made of the size of the Sinanthropus teeth, of crowns as well as 
roots. However, in order to construct a reliable basis for comparison with teeth of anthropoids or hominids, it is 
essential to have exact measurements. Measurements of only single teeth, of course, have merely a restricted 
value because they do not make allowance for variations which are in any case quite considerable. But the material 
of Sinanihropus teeth available at present is sufficiently adequate to permit computing of average values, although some 
types are poorly represented with the result that one or the other value given in diagram form may have to be altered 
when new material is added. 

So as to better demonstrate the results obtained by measurements, it was decided to make use of diagrams. 
The latter not only permits to compare the single tooth types with each other directly but also with the corresponding 
types of other primate forms. In addition the actual value of the average measurements concerned can be read off 
immediately from the diagram which has been traced on millimeter paper. The individual types are given in the 
abscissa while the ciphers of the ordinate designate the respective values. In order to obtain an adequate formula for 
the robustness of the crown and root, the length (mesiodistal diameter) is multiplied by the breadth (buccolingual diameter). 
The so obtained value of course does not express the absolute size of a real cross section of crown or root but is more 
or less a fictituous one. However, the inaccuracy may be disregarded, since the values in question are applied only 
for a comparison with other values calculated in the same manner. The average values used in the diagrams are 
computed from those measurements given in table form earlier in this publication. Unfortunately not all the teeth 
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available were taken into consideration, the reason being that the diagrams have already been sent to the press previous 
to the new discoveries made in the spring season of this year. ^ ; 

It goes without saying that only such specimens were used for measurements which were not too affected by 
attrition.' This is especially true in the determination of the height of the crown and that of the root. The fact that 
there is a great difference in the length of the crown of just erupted teeth and those which have been functioning for 
a considerable time has already been mentioned above. The extent of the attrition on the contact facets which may 
lower the value for length can hardly be estimated exactly and thus renders this measurement rather uncertain. Of 
course, this is not only true for the teeth of Sinanthropus but also for those of anthropoids and hominids the respective 
measurements of which are given in the literature. 

Measurements of anthropoid teeth used herein for comparison were taken from Remane (1921). But there is 
one source of error. Remane failed to give the real average measurements and instead gives maximum and minimum 
values only. The computation of the average on the basis of merely the extreme values is of course incorrect since 
the real average can hardly correspond to the middle between these extremes. For recent man 1 first made use of the 
results obtained by de Terra (1905) and Miihlreiter (1922). Although de Terra's list of measurements includes certain 
tooth measurements of various races, the majority comprises European races. In the following description the term 
* 'recent man" used in quotation refers to de Terra's list. Later Campbell's (1925) work and Drennan's (1929) results 
on the tooth size of certain races of recent mankind—Australian natives, Japanese, Bushman, European—came to hand 
and were added in the respective diagrams. As mucK as 1 could determine from the available literature, investigations 
on the differences in size with regard to sex have been carried put by Mijsberg only (1931), at least on a more extensive 
scale than by others. All these values were compared with those obtained for Sinanthropus. 

With reference to the measurements of recent man, greater reservation has to be exercised than is necessary 
in Sinanthropus. This is especially true of the values for the height of the crown. However, in this case a probable 
error may be disregarded, for the crown of the teeth of recent man is, in any case, higher than that of Sinanthropus. 
Thus, attrition in teeth of the former can at best decrease the difference between Sinanthropus and recent man but 
never increase it. 

Unfortunately, data on roots are very scarce. In some cases the crown height and the total length of the 
tooth are recorded thus making it possible to compute the height of the root. For length and breadth of the roots, 
however, I had to depend upon the relatively inadequate material of our Laboratory composed of prehistoric and 
recent Chinese teeth. 

The values derived for teeth of the Neanderthal group were computed on the basis of measurements made by 
the respective authors. The Neanderthal teeth included pertain to: Spy, Le Moustier, Ehringsdorf, La Quina, 
Rhodesia. 

I. T H E ROBUSTNESS OF CROWNS OF UPPER AND LOWER TEETH" 
In Diagram I values of robustness for upper and lower teeth of Sinanthropus are presented. The curve of the 

lower teeth rises continuously from Ii to M2. Nevertheless, three separate groups may be observed which could be 
distinguished as the incisor group, canine group and molar group. The incisor group is the weakest, followed at a 
certain distance by the canine group and then again at a greater distance by the molar group. Within the incisor 
group U is weaker than I*. Within the canine group the canine itself is the weakest tooth, the Pa being the stoutest. 
Within the molar group M2 is slightly stouter than Mi while M3 is clearly weaker than Mi and M*. 

The curve of the upper teeth shows the same three groups with the only difference that the distances between 
them are much shorter than in the lower teeth. Within these groups there also exist essential differences: in the 
incisor group I2 is weaker than l l, in the canine group P l is slightly stouter than C, while P a is weaker than cither 
of them. In the molar group Ml is the stoutest tooth and M3 much weaker than M1 and Mz. 
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When comparing the curves of lower and upper teeth an interesting fact becomes apparent,-namely that only 
the second premolars and the first molars are of about equal robustness, while all teeth mesialward from P2 are 
stronger in the upper jaw and the teeth distalward from M1 are stronger in the lower one. The masticatory force 
of the dentition must therefore be stronger in the mesial section of the maxilla and in the distal section of the mandible 
than in the mesial section of the mandible and the distal section of the maxilla* Furthermore, it is interesting to 
note that in the upper jaw also P 1 is stronger than C . 

In Diagrams 2-5 Sinanthropus is compared with recent and Neanderthal man. Diagram 2 shows the conditions 
of the upper dentition. The crowns of all teeth of Sinanthropus are considerably stronger than those of recent man. 
except M3. The decrease in robustness is least in I1 and greatest in P1 . . As a consequence of this the central incisor 
in recent man has become the strongest tooth structure of the mesial section of the dentition, that is to say, it is stronger 
than the entire canine group, while in Sinanthropus the latter group exceeds I1 considerably and furthermore, that the 
canine of recent man has become the strongest tooth of the canine group. It is of particular interest that the robustness * 
of M3 of Sinanthropus is not more pronounced than that of recent man which implies that the reduction of M3 in 
Sinanthropus has already reached the same stage as in recent man, if the inferiority in size of M3 in comparison to 
M1 and M2 is to be considered an indication of a genuine reduction. It seems that M3 in its relation to the other 
molars has the same size and appearance as during any time of the evolution of hominids. Diagram 3 completes 
Diagram 2 in so far as recent man is concerned. It shows the curves of three different races—Australian, Japanese 
and Bushman. In all three instances the teeth are much smaller than in Sinanthropus, except the molars of the Australian 
natives, the largest of the group being those of the Australian followed by those of the Japanese and the smallest being 

'.".»(i«* 
represented by the Bushman teeth. In principle the curves are the same in all three races, with the exception of 
the second molar which is more robust than the first one in the Australian. When compared with the curve of 
recent man in Diagram 2 which comprises all races, especially European, there may be seen that P2 is larger than C 
like in Sinanthropus, 

Diagram 2 shows in addition that the upper teeth of the Neanderthal group approach closely in robustness 
those of Sinanthropus, The incisors and the second and third molars are even slightly stronger, while the canine 
group, and especially P1 is weaker. It is possible, however, that these deviations are dependent upon the relatively 
scarce material of Neanderthal teeth. 

Diagrams 4 and 5 represent the same conditions of the lower teeth. These teeth are also considerably weaker 
in recent man than in Sinanthropus and here the difference is likewise least in the incisor. The difference is greatest 
in the molars, especially in M3 and M3. Therefore the entire curve does not cover such as wide a span as in Sinanthropus, 
that is to say, the teeth have a greater tendency to approach each other in size. The contrast between M3 and M3 is very 
remarkable, M3 in recent man is only slightly weaker than Mi. The reduction of this tooth in recent man is therefore 
much less pronounced than in Mi and Ma when compared with Sinanthropus. If the difference in robustness between 
M3 and the other molars so evident in Sinanthropus is to be taken as an indication of a real reduction, then the latter 
did not progress any further in recent man. Ma is weaker than Mi in recent man, while in Sinanthropus it is stronger. 
The canine group likewise has undergone a considerable decrease in robustness. However, not the canine but the 
premolars, especially the first one, are most involved. The lower teeth of the Neanderthal group all remain in 
midline between Sinanthropus and recent man. The incisor group approaches the former closer and the canine group the 
latter, while the molar group is in between. The three races (Diagr. 5—Australian, Japanese and Bushman) reveal the 
same conditions as described for the upper teeth, with the reduction being greatest in the canine and the molar groups, 
except that in the latter the Australian again comes very near to Sinanthropus. As to the reduction within the canine 
group itself, it is interesting that in all three races the canine is weakest like in Sinanthropus, while as evident from 
Diagram 4 in "recent man", that is chiefly European, the canine has become relatively the strongest of the group. 

m m 
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Since the Heidelberg mandible by the majority of authors is considered to represent the most primitive hominid, 
the robustness of his teeth is compared with that of Sinanthropus in Diagram 6. With the exception of Ma which is 
much larger than Mi, like in Sinanlhropus, the curve of the Heidelberg teeth bears a closer resemblance to that of 
recent man. The teeth arc not only weaker than the average Sinanthropus teeth but the entire curve is also shortened 
which implies ihal the differences between the three groups have become moderated as is characteristic for recent man. 
The canine group is involved in particular in the reduction, but the decrease in size is more pronounced in the pre
molars than in the.canine, so that the appearance of this group is more similar to recent man. 

2 . T H E H E I G H T O F T H E CROWN 

In previous chapters special attention was given to the fact that the Sinanlhropus teeth are very low in relation 

to their length and that this appearance must be considered to represent a specific and primitive character of 

Sinanthropus when compared with recent man. 

Diagram 7 illustrates the curves of the height of the upper and lower teeth of Sinanthropus. These curves 
show that the canine is the highest tooth and that the premolars rapidly decrease in height when nearing the molar. 
The pre-canine teeth differ in upper and lower dentition. In both sets of teeth the lateral incisor is considerably 
lower than the canine but whereas the lower central incisor retains the tendency of being low, the upper one is much 
higher than the lateral one and almost equals the height of the canine. In recent man the upper teeth (Diagrs. 8 
and 9) are lower than in Sinanthropus. In the case of the Bushman and Australian this difference is very striking 
(to what extent this lowness may be due to the inclusion of rather worn teeth, I am not able to say). Apart from 
this, however, the conditions of the upper dentition, as far as the single types are concerned, have changed in two 
respects. The canine is no longer the highest tooth but instead the central incisor, and the decrease of the 
post-canine teeth involves the molars to a greater extent* than in Sinanthropus. The curve of the three races (Diagr. 9) 
shows that the Japanese corresponds rather closely to *'recent man." It is rather strange, however, that in Bushman 
and in Australian, especially in the latter, the central incisor is by far the highest tooth and the canine does not in 
any way or only slightly rise beyond the continuously decreasing line of the curve. The upper teeth of the 
Neanderthal man (Diagr. 8) show approximately the same height as Sinanlhropus, but there is a great difference 
between the central incisor and the canine both of which are lower, the first considerably more than the latter. 
This irregularity which is in contrast to the Sinanthropus curve as well as to that of recent man is probably due to the 
scarcity of material. 

a 

'•* '-ytr^: 

The characteristic difference in height between the upper and lower central incisor so evident in Sinanthropus 

(Diagr. 7) also occurs in "recent man" (Diagr. 8), although less pronounced. in the latter since the lower canine 

in contrast to the upper one has preserved its original height (Diagr. 10). The same is true of the lateral incisor an 

the premolars. The lower premolars are even higher than those of Sinanlhropus. Diagram 11 showing the con

ditions of the three races is of particular interest because it demonstrates that the various races differ not inconsidera y 

in this respect. How far these deviations, especially that of the Australian, are due to the use of more or less worn 

teeth is difficult to state. Nevertheless, they must be an actuality at least to a certain extent, since the curve oi Mj 

Japanese as a whole coincides approximately with that of "recent man" in Diagram 10. In the Bushman the genera 

character of the curve is the same, except that all teeth are much lower than in Sinanthropus or "recent man. « 

curve for the Australian also displays a general reduction in height when compared with Sinanlhropus, making it a 

the more strange that the first and second molars show such an extraordinary height for which I cannot oflcr any c. 

planation. The curve of the Neanderthal man (Diagr. 10) coincides in its general character with that of *l"anl'n°^ 

and recent man. 'The fact that the entire mesial set of teeth is slightly higher even than the average of both t ese 

hominids is merely due to the scarcity of material for I'only made use of unworn teeth in my comparative measurcmen s. 

I shall return to the question on the height of the crown in connection with'the discussion of its relation to the leng 
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-W5 3 . T H E ROBUSTNESS O F T H E R O O T S . 

The robustness of the root is expressed by the product of length and breadth measurements immediately below 
the neck of the tooth. Diagram 12 gives curves of the upper and lower teeth of Sinanthropus, When compared 
with the curves of robustness of the crown (Diagr. I) it may be observed that the roots of the upper and lower teeth 
generally are weaker but the differences in robustness between the three groups are less than in the crown, so that 
the root curves as a whole appear to be more concentrated. (Crown curve of the upper teeth from 80 (I1) to 147 
(M1)—root curve from 55 to 103; crown curve of the lower teeth from 43 (Ii) to 150 (Mi)—root curve from 23 to 108.) 
It is quite evident that this concentration is due to the fact that the roots of the incisor and canine groups are stronger in 
relation to those of the molar group than it is the case in crowns. Furthermore, in contrast to the crowns the roots of 
both upper and lower canines are strongest in the canine group, whereas in crown the first. and second premolars 
respectively are stronger than the canine. 

The robustness of the roots of recent man (Diagrs. 13 and 14) shows the same peculiarity with regard to that 
of the crown as. in Sinanthropus as far as the upper teeth are concerned (crown curve from 73 to 126—root curve 
from 41 to 81). In the lower teeth, however, the concentration of the root curve is much greater (crown curve from 
36 to 124—root curve from 20 to 77). This implies that the robustness of the root in recent man is inferior to that 
of the crown, a condition which is much more pronounced in the lower than in the upper teeth, while in Sinanthropus 

there is no such great difference. The root curve of. Sinanthropus and recent man in general has the same character 
for the upper and lower teeth (Diagrs. 13 and 14). Such deviations as there may exist are insignificant. However, 
there is evidence that the robutness is much less in recent man than in Sinanthropus. The difference is smallest in 
respect to the lower incisors and greatest in regard to the lower molars. Unfortunately, measurements available of 
roots of the Neanderthal man are too poor to permit an adequate comparison. 

. 4. T H E H E I G H T O F T H E R O O T S -* i 

The curves for the root height of Sinanthropus (upper and lower teeth) (Diagr. 15) reveal that the roots of the 
canines are by far the highest. In the upper teeth that of P 1 is next, while the height of the root of P 2 closely 
approaches those of the molars. In the lower dentition, the roots of P 8 and Ma are higher than those of Pi and Mi 
respectively. It is furthermore worthy of note that the root of the lower canine is slightly higher than that of the 
upper one. In "recent man** (Diagr. 16) there is a .very important difference between the upper and lower teeth. 
The canine of the former possesses by far the highest root, while that of the latter is of the same height as the root 
of Pz> The average measurements of root height in Diagram 16 were taken over from Black (1902) and they differ 
considerably from those of Campbell and Drennan derived for the three races (Diagrs. 18 and 20).* In all these 
cases the root of the lower canine is distinctly although not much higher than that of P s . 

' In comparing the root height of the upper teeth of recent man with that of Sinanthropus a very striking dif
ference may be observed. It consists of an extraordinary reduction in height as far as the teeth from I1 to P 1 are 
concerned, while the difference is much less in P2 and the molars. The greatest difference concerns the canine. In 
P 2 the deviation is not only slight but in the Australian the height is even greater than in Sinanthropus. A comparison 
of Diagrams 17 and 18 shows that the Japanese have the lowest and the Australian the highest roots. Apart from 
this, however, there are no essential differences. As to the lower teeth (Diagrs. 19 and 20) the degree and nature 
of reduction in general is the same as in the upper teeth. Like in Sinanthropus the curve has three modes: Q , Pa 
and Ma. The reduction of the root height is greater in the lower canine than in the upper. 

The statement that the root height of the upper and lower teeth has been most reduced in the front part 

of the jaw (I1—P2) is in full accord with the change which the mandible of recent man has undergone when compared 

with that of Sinanthropus. I have demonstrated this fact repeatedly in my publication on the Sinanthropus mandibles 

(1936 b) and proven therein that this reduction is in close connection with the development of the characteristic 
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mcntum osseum in recent man. That the reduction of the root height of the upper teeth in principle has the same 
.effect upon the formation of the upper jaw has become evident by the recovery of a well preserved maxilla of 
Sinanihropus. The development of the nasal spine and the entire construction of the subnasal portion of the maxilla in 
recent man appears to be equivalent to the formation of the mcntum osseum and is conditioned by the same factor, 
namely the reduction of the root size. I shall return to this question below. 

: i v 5 : T H E DEGREE OF REDUCTION OF TOOTH SIZE IN RECENT 
MAN IN COMPARISON WITH SINANTHROPUS 

As has teen proven by diagrams and descriptions a great reduction has taken place in tooth size, effecting both 
crowns and roots during human evolution if Sinanihropus is considered as the starting point. Diagrams 21-24 show 
to what extent the various dimensions of the tooth have been involved by this process. In order to demonstrate it 
graphically, two methods may be applied: one is to compute the percentage of the decrease of the measurements con
cerned with Sinanihropus as basis. The other one is to compute the percentage of the superiority of Sinanihropus 
taking the measurements of recent man as basis. In the latter case the single values will be higher than in the former 
since the basic measurements here are smaller, while the character of the curves will be the same. In Diagrams 
21-24 the robustness of crowns and roots for upper and lower teeth are compared. The values used for recent man 
are computed on the basis of de Terra's measurements or as far as the robustness of the roots is concerned on my own. 

Diagrams 21 and 22 demonstrate the decrease in percentage of the upper and lower teeth, of the crown in red 
and of the roots in black of recent man. In both instances the decrease of the roots is much greater than that of the 
crown. This is true for all teeth. Nevertheless, with the exception of the first lower incisor, the stronger decrease of 
the roots is far more pronounced in the.front teeth, including P I, than in the distal set of teeth. In the upper teeth 
the root of the canine is most reduced, whereas in the lower it is that of Pi. The least affected root in both dentitions 
is that of the third molar. Moreover, it is interesting to note that the roots of the lower molars are more involved than 
those of the upper ones. In regard to the crowns it is interesting that the upper lateral incisor and the canine have lost 
much more in robustness than the corresponding lower teeth, while the molars exhibit just the reverse condition. 
The curves of the upper and lower teeth therefore run in opposite ways. In the lower teeth the crown of the central 
incisor is relatively more reduced than the root. * ?l' 

Diagrams 23 and 24 complete the picture presented by the preceding diagrams. They demonstrate in what 
percentage the crowns (black) and roots (red) of the Sinanihropus teeth are more robust than those of recent man. The 
values correspond completely to those of Diagrams 22 and 23 so that it is not necessary to enter into further details. 

6. LENGTH AND BREADTH OF THE CROWN 
The robustness of the crowns in the foregoing curves were expressed by the product of length and breadth. 

However, it is of special interest to know the conditions of either of these dimensions in Sinanihropus and recent man. 

The curve of the crown length of the upper teeth of Sinanihropus (Dlagr. 25) displays a very irregular trend. 
The teeth of the canine group and the lateral incisor are by far the shortest, while the molars and the central incisor 
are the longest. Among the molars M1 is considerably longer than Ma and the latter longer than M5. The canine 
is longest within its own group. In "recent man** the character of the curve is exactly the same and the reduction 
in length has affected the individual teeth to almost the same extent, with the exception of the central incisor and the 
third molar. That the latter in recent man appears to be longer than in Sinanihropus is apparently due to the relatively 
limited number of Sinanihropus specimens. But in any case it proves that M5 when compared with M and M had 
reached the stage of its final reduction in length—if it is permitted to use the term "final**—already in Sinanihropus. 

The curve of the length of the lower teeth yields quite a different aspect in Sinanihropus (Diagr. 26). 
Here the curves rise continuously from Ii up to M2. Like in the curve of robustness (Diagr. \) three groups are 

[.*?& 
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! recognizable here. ' The three teeth of the canine group all' have about the same length. Within' the molar group 
Mi is longest and M3 shortest. In recent man the general character of the curve is again the same as in Sinanihropus. 
The reduction, however, does not show the same extent in all teeth as it may be seen to be distinctly greater in the 
canine and molar group than in that of the incisor with Px and P a and Ma and M, reduced more than C and Mi, 
respectively. • . « • . ! . . . . . . . . , . . . >..•,>-,• • 

The breadth curve of the upper teeth' of Sinanihropus (Diagr. 27) is obviously different from the length curve 

(Diagr. 25), for the former rises continuously from I1- to 'M1—except Pz—and closely resembles the length curve 

of the lower teeth (Diagr. 26) in this respect.' It is remarkable to note that the upper canine being the longest within 

its group is at the same time the narrowest, while P 1 which by far exceeds its fellow teeth in breadth is considerably 

shorter than C. The molar group shows the same conditions as existent in the length curve with M l being the 

broadest followed by M2 and then by M3 . In recent man the general character is again the same as in Sinanihropus, 

- except that I1 is broader than I2. With regard to the reduction, it is most pronounced in the premolars, especially 

: in the first one, and least in I1, where it is practically nil, and in M3 . 

The breadth curve of the lower teeth (Diagr. 28) like that of the length (Diagr. 26) rises continuously from 

Ii up to Ms. Here again we have the three groups slightly separated from each other. Within the canine group 

the canine is the narrowest tooth and within the molar group the second one the broadest. The curve of recent man 

has the same character as that of Sinanihropus, with the exception that within the canine group the canine is the 

broadest and within the molar group the first molar, that is to say, that the premolars have become reduced in 

breadth much more than the canine and the second molar more than the first one. .. -»•/•«••'• 

7. T H E RELATION B E T W E E N H E I G H T A N D L E N G T H « J $ 

It is evident that one*of the most characteristic features which permits to distinguish the Sinanihropus teeth 

from those of recent man is the relation between height and length of the crown. . As has been shown earlier most 

of the Sinanihropus teeth are low and long while those of recent man are high and short. In order to express the 

relation, a length-height index was calculated as follows: 8 , . , . Values above. 100 indicate that the length 
height 

is greater than the height, while values below 100 indicate the reverse conditions. In Diagrams 29-33 the results are 

illustrated by curves; the horizontal line crossing the curve represents the 100 mark, that is to say, all teeth below 

the line are higher than long and all teeth above it are longer than high. .• • • • » • * 

Diagram 29 illustrates the conditions of the upper teeth. It may be seen that In .Sinanihropus only the 

" molars are longer than high and that all other teeth are higher than long. Within the latter group the canine shows 

the lowest index, whereas even the central incisor has one that is higher. Both premolars are much lower than the canine. 

The index of the first molar is higher than that of the second one. It is interesting to note that neither recent man 

nor Neanderthal man differ essentially from Sinanihropus. In recent man the canine index is higher than that of 

Sinanihropus, while it is lower for the premolars. Since reliable measurements of Neanderthal man are so limited, 

reservation should be excercised when considering the values obtained. This is also true of the values given in 

Diagram 30. The Sinanihropus index is here compared with those of the three races. The curves exhibit that 

that of the Japanese teeth approaches very closely to the curve of Sinanihropus and at the same time coincides almost 

completely with the curve for "recent man" in Diagram 29, while the index curve for the Bushman and especially 

that for the Australian deviates considerably: This deviation; however, occurs in a quite unexpected direction involving 

all indices which turn out to be much higher than the corresponding ones of Sinanihropus. This implies that all 

Australian teeth are lower and relatively longer than those of the latter. While discussing the height' curve \n 

Diagram 8 I already called attention to the conspicuously low value of this measurement and suggested that this may 

be the consequence of making use pf unsuitable material, that is to say, of using worn-teeth. The slightest wear 

• 
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lowers the height and thereby essentially affects the'length-height index by increasing its value. In the case of 
Sinanthropus only such teeth which were practically unworn were used. • £•..';•«« 

It is of considerable interest that the index in question yields quite a different picture in regard to the values 

for the lower teeth. Diagram 31 shows that the entire curve when compared with that of the upper teeth (Diagr. 29) 

has shifted toward the side of the higher values. This indicates that all teeth are much lower in relation to the length. 

• Thus the entire cur\e is not only much more elongated than that for the upper teeth but, in addition, exhibits that the 

•premolars which fall below the 100 mark in the curve for upper teeth go above it in the lower dentition. Besides, 

the incisors and the canine approach that mark closer in the lower dentition than in the upper, whereas the molars, 

especially the second with values of 170 to 190 are almost twice as long than high. The curve of recent man is 

quite different in regard to the lower teeth. It is much more concentrated and therefore like that of the upper dentition 

being shifted entirely toward the side of the lower values, so that the curve at no point coincides with the Sinanthropus 

curve. The values for the incisors and canines are much lower. This inferiority, however, attains extraordinary pro

portions in the premolars and molars with the former being shifted below the 100 mark. This means that the lower 

teeth of recent man have reduced particularly in the longitudinal direction, so that now a greater height prevails 

whereas the upper teeth were not affected by such a process. T h e reduction involved premolars and molars to an • 

appreciably greater extent than incisors and canine. It is important that the teeth of the Neanderthal group, except 

the first molar, show almost completely the appearance true for recent man, that is to say, the characteristic process of 

reduction here has already reached that stage of development which characterizes recent man. Diagram 3? illustrates 

the conditions of the three races. Only the curve for the lower teeth of the Japanese coincides perfectly with that 

of "recent man** (Diagr. 31) while the curve for Australian and Bushman exaggerates the peculiarities of the 

Sinanthropus curve, a condition which, I believe, is also due to the use of not entirely suitable material. 

8. THE DEGREE OF ROOT REDUCTION 
T h e decrease in size of the root in recent man is given in Diagrams 33-35. As was done in the case of the 

crown (see above), the respective values for the length, breadth and height are expressed in percentage taking the 

averages of Sinanthropus as a basis. * 

The length curve of the upper teeth (Diagr. "33. black) exhibits that with the exception of M 5 all teeth have 

participated in the reduction: I2, P 2 , M1 , M 2 approximately to the same extent, while P 1 and somewhat less C are by far 

those most affected. The reduction in length amounts to 4 4 % in P l and to 34% in C, in other words, to a third and 

almost half of the entire length, respectively. For the breadth (red) the conditions are different, namely I1, M1, M z and 

M 3 are least involved, while 12-P most. As to the lower teeth (Diagr. 34) there does not exist such a great dif

ference between the length and breadth curve. T h e reduction in length is much stronger however, than that in breadth, 

at least as far as the front teeth and the premolars are concerned. It is least in \t and greatest in I2, the canine group 

showing a reduction of 26-28%, respectively. The breadth reduction is most pronounced in P i with 24%, in P a and 

s the first and second molars it is only 17-18%, while U does not show any alteration. 

T h e reduction in height is illustrated in Diagram 35 . In the upper teeth (black curve) as well as in the lower 

(red curve) the reduction is strongest in the front teeth as has already been shown above (Diagrs. 15-20). The lower 

canine has undergone a decrease of 3 5 % , the upper canine one of 2 5 % ; of the upper dentition I1 with 30% and P 1 

with 2 9 % are most affected.. 
»/, .> • - rr*-x 

The fact that in recent man there is a great difference between the stoutness of the crown and that of the neck 

portion of the root is generally known. In Sinanthropus this difference is much smaller, because the root is not reduced 

to the same degree. In order to express these differences graphically, I computed the robustness of the root in 

percentage to that of the crown for each tooth of Sinanthropus and recent man. Diagrams 36 and 37 illustrate the 

respective curves for the upper and lower dentition, in both diagrams the black curve refers to Sinanthropus and the 
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red one to recent man. The curves show that the robustness of the root of the upper canine is 83% of that of- the 
crown, while being only 6 1 % in recent man. For the lower canine the corresponding values are 86% and 65%, 
respectively. The constriction in the neck region, therefore, must be far more pronounced in recent man than in 
Sinanthropus. The curves show that this constriction is. much less in the molars than in the other teeth, with the 
exception of Ii* 

' 9. T H E DIFFERENCE IN SEX 

In my publication on the Sinanlhropus population (1935) I called attention to the fact that the teeth of 
Sinanthropus occur in two sizes, that is, in a large and in a small type. The differences are so great that they can 
hardly be explained to be due to merely accidental individual variations because variations to such an extent and with 
such regularity will never be found in relatively so small a population as that represented by Sinanthropus. On the 
other hand it is known that great differences in tooth size due to sex occur among the great apes, especially in gorilla and 
orang. That the variations in Sinanthropus may be attributed to be • due to the same factor is supported that his 
mandibles also occur in two sizes, the large mandibles displaying the large type of teeth and the small ones the other 
type. In my publication on the mandibles (1936 b) I already referred to this peculiarity which is illustrated by 
many photographs. It was presumed that the large-sized mandibles belonged to male and the small ones to female 
individuals. Such a presumption has received further support by the discovery'of the new skulls of Locus L on which 
a brief and preliminary report was published (1937 b). In the latter cases the small teeth were found together with 
the broken maxilla of the small skull and the large together with the large skull. There cannot be any doubt that 
the small skull pertains to a female and the large one to a male individual. The proof for this assumption will be 
given in my forthcoming monograph on the skulls. Figures 263 and 264 demonstrate the differences in size of male 
and female upper canines and first premolars. For more detailed information the reader is referred to the discussion 
of this problem in a previous chapter. 

Provided that the definition of the large teeth belonging to male and the small ones to female is correct, a 

comparison of the existing differences in tooth size in recent man due to sex should prove to be of special interest. 

However, only two investigations on the latter are available which supply reliable measurements of all teeth. The 

first one is the study by Mijsberg on Javanese (1931) and the second by Janzer on New Pommerian (1927). So as 

to be able to make a comparison, I computed the robustness of the crowns of the lower teeth of the Sinanlhropus male 

and female types, the same of the Javanese and New Pommerian making use of the data supplied by the above quoted 

authors. The respective degrees of the differences in size are illustrated in Diagrams 38 and 39 by the distance 

between the curves for the male teeth and that for the female, that is to say, the greater the difference in size the 

further the curves deviate from each other. The Sinanthropus curves are drawn in black, those of Javanese and New 

Pommerian in red. The curves for the two representatives of recent man show the same appearance as the correspond

ing curves in Diagram 5 . It is worth remarking that the teeth of the New Pommerian in both sexes are more robust 

than those of the Javanese, although the difference for the female is not as great as that for the male. When com

pared with Sinanlhropus both Javanese and New Pommerian teeth are much weaker, with the exception of the first 

molar of their male types which shows the same value as that derived for the first molar of the female Sinanthropus. 

The third molar also coincides with Sinanthropus. As to the sexual differences of the individual teeth it is interesting 

that they are much greater in Sinanthropus than in the two recent races. These differences are particularly evident in 

the canine and in the molar group, while in the incisors they are insignificant. The differences in the former group 

are most pronounced for C and Pi and within the latter for Mi and especially for Mj. 

The sexual differences in size of the Sinanthropus teeth are even greater than those in chimpanzee (Diagr. 31) 

if the canine is excluded, and approach closely those of orang (Diagr. 44). -

'"^>'ii 
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10. A COMPARISON OF T H E SIZE OF SINANTHROPUS AND ANTHROPOID TEETH « 

When the curves of robustness of the Sinanlhropus crowns are compared with the corresponding curves of 
anthropoids, it is surprising to find that there are deviations which are not unimportant and may shed some light on 
phylogenetic questions. 

Diagrams 40 and 41 illustrate the conditions in upper and lower dentition of the chimpanzee. The curves 
of the upper dentition (Diagr. 40) reveal the interesting fact that the incisors and the canine of Sinanlhropus are less 
robust than those of the chimpanzee, whereas the premolars and molars of the former exceed quite considerably even those 
belonging to the male type of the latter. This superiority of Sinanlhropus is especially true for P1 and M l . In the 
lower dentition (Diagr. 41) such a contrasting behavior is still more evident. The Sinanlhropus and the chimpanzee 
curves cross each other directly in Pi. While U of the female chimpanzee shows approximately the same robustness as 
Mi (89 : 93), the differences between the values of these two teeth in Sinanlhropus reach an extraordinary rate 
(48 : 150). In chimpanzee the robustness of I2 is 95.7% of Mi, but in Sinanlhropus the ratio is only 32. 
In the male chimpanzee the ratio is lower (80.8), but nevertheless still considerably removed from that of Sinanlhropus. 
Moreover, it is remarkable that in both male and female chimpanzee P2 is the weakest tooth, even weaker than the 

incisors, while In Sinanlhropus P2 is the strongest tooth of the entire canine group. 
•» • • • 

* In comparing gorilla with Sinanlhropus the female gorilla was used because the robustness of the male teeth of 
this anthropoid predominates to such an extent as to cause the curve to occupy a large field without yielding a more 
adequate basis for comparison. The curve of the upper dentition (Diagr. 42) reveals that the general -character of 
the gorilla curve is exactly the same as that of the Sinanlhropus curve and quite different from that of chimpanzee 
(Diagr. 40). Like in Sinanlhropus, the three groups (incisor, canine and molar groups) are distinctly separated from 
each other and each group exceeds the other in size, with the molars considerably in excess of the central incisor 
and the canine. The smallest tooth here is also the lateral incisor but the premolars are much stronger. The only 
differences the gorilla and Sinanlhropus curves show is a general predominance of all gorilla teeth over those of Sinan
lhropus, with the exception of the lateral incisor. With reference to details, the gorilla canine is much stronger than 
that of Sinanlhropus and the second molar of gorilla exceeds considerably the first molar of Sinanlhropus. In both 
cases the third molar is by far the weakest within the molar group. The curve of the lower dentition (Diagr. 43) 
corresponds completely to that of the upper in coinciding with the curve of Sinanlhropus and contrasting together 
with the latter to the chimpanzee curve (Diagr. 41). There is no crossing of the curves herein like in chimpanzee, 
the three groups being strictly separated from each other with the incisor group being the weakest, the molar group 
the strongest and the canine group placed intermediately. The incisor-molar index of robustness (see above) with an 
incisor robustness of 64 and a molar robustness of 207 amounts to 30.9 which is about the same as in Sinanlhropus 
(32.0) in contrast to chimpanzee with an index of 95.7. The differences between the gorilla and the Sinanlhropus 
curves, of course, refer to the absolute values since the gorilla teeth are much stronger than those of Sinanlhropus. 
However, this is only true of the canine and molar group, for the incisors are only slightly stronger than those ot 
Sinanlhropus. Another astonishing fact is that P t is more robust than the canine, a condition which conforms exactly 
to' that existing in Sinanlhropus. On the other hand M3 of the gorilla is the strongest tooth within its group, while in 
Sinanlhropus it is the weakest. 

It is of interest to note that the curves of the orang dentition (Diagrs. 44 and 45) are intermediary between 
gorilla and chimpanzee. For the same reason as in the case of gorilla only the female orang is taken for comparison. 
In orang also the upper and lower front teeth are stronger in relation to the other teeth of the respective dentitions. 
The curves, therefore, appear more concentrated than in gorilla and Sinanlhropus but less than in chimpanzee, so that 
the canine group in both dentitions approaches the molar group. The upper and lower incisors are very robust and 
come nearer to the canines of Sinanlhropus than to the incisors," especially in the lower dentition. Like in gorilla 
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and Sinanthropus Px is stronger than C,. The molars of the female orang are only partly stronger in the upper 
dentition than those of Sinanlhropus, while the lower ones are inferior to those of the latter. 

As an example for the conditions of the crown height of the anthropoids well preserved and completely unworn 

teeth of a female gorilla were used and compared with those of Sinanlhropus. Diagrams 46-47 show the respective 

curves for the upper and lower dentition. As regards the former, the curve coincides in its general character com

pletely with that of Sinanlhropus, the only difference being that all gorilla teeth are higher and that this superiority 

is more pronounced in the premolar and molar group than in the incisor one. It should be noted that in gorilla and 

in Sinanthropus P l is much higher than P 2 . The differences in height is considerably greater in the lower dentition 

(Diagr. 47). Here also it concerns the incisors, especially the central one. 

It follows from this comparison of Sinanthropus with anthropoids that the conditions of the gorilla dentition are 
closest to those of Sinanlhropus, while the chimpanzee stands most removed. The front teeth of this anthropoid 
probably have undergone a secondary strengthening which must be considered to be a special differentiation. The 
orang has partly gone the same way but in this case the differentiation has not reached the same degree as in chim
panzee. It is a regrettable fact that the measurements given for the Dryopithecus teeth in the literature available 
are incomplete and only refer to the premolars and molars. In applying the measurements of the lower dentition obtained 
by Gregory and Hellman (1926) and in completing them by computing an estimate of the robustness of the canine and 
the incisors, 1 arrived at the conclusion that the conditions in Dryopilhecus were like those in gorilla, except that in 
the former the first molar was by far the weakest tooth within its group. 

11. T H E ROBUSTNESS O F C R O W N S O F T H E DECIDUOUS DENTITION 

Despite the scarcity of Sinanthropus material, I ventured to compute the respective values for the lower 

teeth and to present them graphically. Diagram 48 illustrates the curve, together with that of recent man ( - - ) . 

The value for i2 is questionable because of its defectiveness. However, the line of the curve is very instructive. 

It reveals that the robustness increases continuously from ii to ma and reaches its highest values with the permanent 

first molar. The rise of the curve is constant and relatively rapid. The curve for recent man shows the same con

ditions, although the teeth are somewhat weaker. Of the Neanderthal group only one or two measurements of incisors 

and milk molars are available. It may be accidental that these values are higher than those of Sinanlhropus. 

With reference to anthropoids the most important fact is that the Australopithecus curve (red straight line) 
coincides almost completely with that of Sinanthropus, with the exception that the first permanent molar is con
siderably stronger. With respect to the latter peculiarity one must, however, remember that the value for the 
Sinanthropus molar represents an average, whereas that for the Australopithecus molar refers to a single individual. 
The gorilla curve (red interrupted line) agrees with that of Australopithecus and thus with Sinanlhropus, with the 
exception that all teeth are much stronger. But the general character is the same, that is to say, the incisors are the 
weakest of the entire set and the teeth following them increase in robustness rapidly and according to their sequence. 
The chimpanzee curve ( . . . ) is quite different. It is true that here also the incisors are the weakest teeth, but the 
differences in robustness between the single types from ii to mi are insignificant when compared with those in Sinan

thropus, Australopithecus and gorilla. The chimpanzee curve, therefore, runs up almost horizontally to mi and 
then suddenly rises to m2 and Mi. Thus this curve crosses all the other curves mentioned above. Orang ( .—. ) 
shows the same feature with respect to the Incisor but beyond that the curve follows the Sman/nropus-gorilla trend. 

The curves of the deciduous teeth are interesting in several respects. They demonstrate that the particularities 

concerning the contrasting behavior of the permanent dentition between Sinanthropus and gorilla on one hand and 
not restricted to the permanent teeth only, but also occur in the deciduous dentition. chimpanzee on the other are 

The .trongcr development of the front teeth in relation to the other which characterizes the permanent dentition o 

-'f'.f 
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chimpanzee, therefore, has its analogue in the deciduous dentition. This fact supports the suggestion made above that 
we were dealing with a special differentiation separating chimpanzee somewhat from the other members of the 
anthropoid-hominid group. The orang apparently occupies an intermediate position in this respect. The curve of 
the deciduous dentition furthermore reveals that the differences in robustness between anthropoids and Sinanlhropus 
with reference to the permanent canine are here completely lacking and thereby ranging the tooth entirely within 
the regular order of size between the lateral incisor and the first deciduous molar. 

*̂ rr. IV. THE RELATIONSHIP BETWEEN DENTITION AND JAWS 

In order to appreciate the significance of the special position occupied by the teeth of Sinanlhropus, we must 
first obtain definite knowledge of the conditions in question in anthropoids and recent man. Hellman (1919 a, b) 
contributed two excellent comparative studies on this problem which deal with the position and occlusion of teeth from 
the earliest mammalians up to recent man. For the purpose of the present study, however, it seems sufficient to 
deal with the higher primates only. For the numerous details involved in the problem under discussion, the reader 
is referred to previous chapters. Here we shall be concerned only with such general questions as the position of 
the incisors and the prognathism, the form of the dental arcades and the type of occlusion. 

h 

A. THE POSITION AND OCCLUSION OF THE TEETH IN SINANTHROPUS 

Adloff (1908) in his publication frequently referred to claims that there is a great difference between hominids 
and anthropoids with respect to the position of the incisors. • The incisors in anthropoids should be placed in oblique and 
forwardly directed position combined with a strong prognathism, while in recent man, regardless of either orthognathism 
or prognathism, the incisors should at all times meet more or less perpendicularly. The prognathic Australian in this 
respect is to be as orthognathous as the European. Such feature would be the consequence of a curvature in the 
longitudinal axis of the incisors. Their roots being bent backward, the axis does not form a straight line but an angle 
with its vertex at the neck, while in anthropoids the longitudinal axis is either straight or at best slightly curved. 
Adloff even made the attempt to prove such a conception by supplying several sketches of teeth in his texthgure 5 
(p. 110). Nevertheless, I fail to see the differences which he claims to be able to discern. In most cases of recent 
man as well as anthropoids the axis is formed by a straight line with only the buccal outline of the teeth being curved, 
a condition which is even more distinct in the latter than in the former. As mentioned above, H . Virchow (1920) 
observed such curved lower incisors in the Ehringsdorf child and termed this peculiarity as "kyrtpdonty". The latter 
would support AdlofTs suggestion. But in Sinanlhropus such an obtuse angle between crown and root does not exist 
(figs. I, 2, 28). The central upper and lower incisors are straight and only the buccal surface of the crown is curved. 
On the other hand, the stated straightness of anthropoid incisors does not at all constitute as a rule. In chimpanzee 
as well as in orang curved incisors are found as frequently as straight ones in recent man. 

In figures 224-231 sagittal sections through the left central incisor in situ together with the corresponding part 
of the mandible are given. The sections are orientated in the alveolar plane, the longitudinal axis of the incisor 
being indicated by interrupted lines. The illustrations demonstrate that the axis itself is straight in all cases: gorma 
(fig. 224), chimpanzee (fig. 725), orang (fig. 226), gibbon (fig. 227), Sinanthopus G I (fig. 228), Heidelberg man 
(fig. 229), prehistoric Chinese (fig. 230) and recent European (fig. 231). The only differences which do ex.st concern 
»L L i .!• t .L • • L« L -J :„ „,*,..U rK.mnanzce. Sinanlhropus, Heidelberg man and pre-
the buccal outlines of the incisors which are curved in gorilla, chimpanzee, ->»« r > o 
, . . . r,x. . . i . .11 i «„,f r l i m n - n n The illustrations also reveal another characteristic 
historic Chinese, but straight in orang, gibbon and recent buropean. 1 ne ummm 
feature in showing that there is no real difference in the manner in which the incisors are embedded within the 
alveolar process of the mandibles, regardless whether it concerns an anthropoid or a hom.n.d. The position of the 
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with extensively giving the 

tooth depends exclusively upon the degree of inclination formed by the entire frontal part of the mandible to the alveolar 
plane. In my study on the Sinanthropus mandibles (1936 b) this question was dealt 
values of the respective angles. 

The angle formed by the longitudinal axis of the left central incisor illustrated in figures 224-231 is given 
in Table X X V I . 

TABLE X X V I 
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Gorilla 

Chimpanzee 

Orang 

Gibbon 
Sinanthropus G I 

Heidelberg 

Prehistoric Chinese with strong alveolar prognathism 

Recent European with orthognatism 
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104° 
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From the above it follows that the lower incisors do not take an active part in having a specific form as far 

as their position in the alveolar process is concerned. This position merely depends upon the special configuration 

of the frontal part of the mandible and its general inclination towards the alveolar plane. 

The same conditions hold good for the upper incisors. Figures 232 and 233 represent sagittal sections 

through the left central upper incisor in situ, together with the corresponding alveolar process of the maxilla both 

orientated in the Frankfort plane (fig. 232) and in the alveolar plane (fig. 233). The most instructive ones are 

those of two adult female orangs (a and o). In both cases the form of the central incisors is the same, the only 

difference being that of robustness. In case a, however, the incisor together with the entire alveolar part in which 

it is embedded is placed much more vertically than in case o where the incisor and its alveolar part are situated almost 

horizontally. Such a variation in the position of the incisor and in the entire location of the alveolar part can also 

occur in gorilla and chimpanzee without any effect on the form of the tooth. Figures 232 and 233 c illustrate the con

ditions of a juvenile male gorilla and d those of an adult male chimpanzee. In the former the alveolar process is 

more erect than in the latter. The fact that the same degree of variability may be found to occur also in recent man 

is proven by the specimens designated e, / , g and h in figures 232 and 233. Both e and h represent recent male North 

Chinese, the maxilla e is strongly prognathous, while the maxilla h is orthognathous. / represents a prognathic Aus

tralian native, g an orthognathic European. In all these cases it is interesting to note differences in the position of the 

alveolar part resulting from the orientati n of the skull, that is to say, if the maxilla is orientated in the Frankfort 

plane (fig. 232), the alveolar part is much more erect than in the alveolar plane (fig. 233). All this combined 

demonstrates clearly that the special form of the central incisor is entirely irrelevant bom in anthropoids and hominids 

and is in no way connected with either prognathism or orthognathism. r ><..• 

Virchow (1920) in his study on the mandible of the Ehringsdorf child raises the question on the probable 

position of the central incisors found isolated. From the appearance of the wear facets which are not orientated 

in right angle to the longitudinal axis of the tooth but extend upwards on the lingual side causing the cutting edge 

to be whetted, that author infers that teeth must have had an almost horizontal position and that, therefore, it is 

difficult to realize the correct aspect of such a maxilla. The same conditions prevail in the upper incisors of Sinan-

ihropta. Figure 2 / and m shows that the wear facet of this tooth extends considerably in oblique upward direction 
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on the lingual surface forming an angle of about 54° with the longitudinal axis (cf. chapter on incisors). In case 
this incisor were placed in such a position that the facet would come to lie completely within a horizontal plane 
more or less parallel to the alveolar plane, then its longitudinal axis would form a rather acute angle. Figure 219 
representing the entire set of teeth of a female orang and orientated in Frankfort and alveolar planes shows that the 
wear facet occupies almost the entire lingual surface. Figure 220 which represents the same conditions of another 
female orang and the photograph of which is given as figure 306 shows that the wear facet is more confined to the 
lingual-region of the cutting edge. As mentioned above, the alveolar part courses almost horizontally in figure 219, 
while in figure 220 it is more erect. 

How the corresponding conditions may have been in Sinanthropus is difficult to say because of lack of maxillae, 
especially of the frontal parts. Up to the present only one upper jaw is available which, though slightly damaged, 
shows the area in question with sufficient distinctness. This upper jaw was recovered (Locus O I) while the preparation 
of this study was in progress. It will be dealt with in my forthcoming publication on the facial skeleton of 
Sinanthropus, The present study contains a drawing only in lateral view (fig. 345). As is evident in this figure, the 
alveolar border and the outer surface of the maxilla in the region of the two incisors and canine are restored. 
But this restoration cannot be to far removed from the original condition, for the lateral incisor is preserved with 
the entire posterior wall of its socket; the canine is missing, but the complete alveolus is preserved; the central 
incisor is also missing, but the end of its alveolus is preserved. According to the size of the teeth and the degree of 
attrition the upper jaw belongs to an old female individual.* Since in jaw O I only the upper end of the alveolus of 
the central incisor is intact, there is no certain indication as to how far the ridge of that alveolus may have projected 
forward. Yet, since the entire alveolar process from the end of this alveolus up to the apertura piriformis and the 
inferior part of this aperture are present, a rather reliable basis for a correct restoration is at hand. According to the 
special feature of the region in question and to the size of the root of the central incisor the reconstructed outline of 
the alveolar part is rather less protruding than it may have done originally. In any case, there is no doubt that 
the subnasal part of the Sinanthropus maxilla had projected considerably and moreover, that the entire body of 
the upper jaw has had the same tendency. The interrupted line in figure 345 indicates where the upper part of 
the lateral margin of the nasal aperture is broken off. Below this line the margin is intact. In recent man and also 
in all of the Neanderthal skulls in which this part of the maxilla is preserved the margin bordering the nasal notch 
falls down almost perpendicularly or even slightly recedes (figs. 304 and 305). But in Sinanthropus this margin 
leads forward and continues gradually within the outline of the protruding alveolar process. These are exactly the 
conditions which characterize the corresponding region in anthropoids with the only self-evident difference that they are 
much more pronounced in the latter than in Sinanthropus (cf. figs. 345, 306, 305). 

Although in this particular specimen of Sinanthropus there exists a strong alveolar prognathism combined with 

a pronounced facial prognathism, the central incisor as judged by the position of the second one preserved in situ was 

rather erect and certainly not placed horizontally as may be inferred from the wear facets of central incisors in otner cases 

of Sinanthropus. In order to determine the original conditions, it is of great importance that the wear facets of the 

lateral incisor of maxilla O I and of the central and lateral incisors of maxilla L II, though strongly worn, do not 

form such an acute angle with the longitudinal axis as in the slightly worn isolated central incisors, namely only 

an angle of about 65°. Such an inclination implies a rather erect position of the incisors. As explanation of such 

obvious different appearance of the Sinanthropus dentition, two possibilities present themselves. Either the same 

variation occurs as found in orang and proven by the existence of a more erect position like the one in figure 220, 

• A s the central incisor and the canine of the upper jaw of the adult female Skull II of Locus L are preserved—lacking the 
alveolar part (fig. 277)- the size and form of these teeth ore known, whereas Jaw O 1 lacks those teeth* 
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and a more horizontal one like that in figure 219, or the change of the angle is only a consequence of a more advanced 
attrition. -v,. 

This leads to the problem of occlusion. Most of the jaws of Neanderthal man which permit judgement in 

this respect show edge-to-edge bite relations of incisors. Hellman (1919 a) infers such conditions from the form 

and the position of the wear facets of the Heidelberg mandible and the Mousterian youth. With regard to the latter, 

however, Dieck who carried out the reconstruction of the dentition arrived at the conclusion that overbite relations must 

have existed (quoted after H . Virchow, 1920 and Weinert, 1925). It is interesting to note that the upper incisors of 

this Neanderthal type displays the same conditions of attrition as the isolated Sinanthropus incisors. H . Virchow 

(1920) believes that in the case of the Ehringsdorf mandibles edge-to-edge bite relations had been present. Boule 

(1911/13) suggests the same for the man of La Ferrassie. The upper incisors of the Rhodesia skull exhibit almost 

the same degree of wear as that of the teeth of the two Sinanthropus maxillae. Thus, it cannot be deduced with any 

degree of certainty how the conditions of occlusion of Sinanthropus were on the basis of those in the Neanderthal 

man because of the existence of edge-to-edge bite and overbite relations there. 

The anthropoids vary in this regard. Hellman (1919 b) stated; *'The occlusion of the incisors of the anthro

poids, as in the lower orders of the mammals, is expressed either in an edge-to-edge or overbite relation.'* In his 

figure 17 he reproduced an orang skull with edge-to-edge bite which corresponds completely to the orang illustrated 

here as figure 306, the erect position of the central incisors being more pronounced in Hellman's case. Within 

the material at my disposal overbite prevails in the gorilla, while in orang and chimpanzee edge-to-edge bite may 

also be present. The statement often made that in recent man overbite relations form the rule is not at all correct. 

Welcker (1902) found 100% of the Australian aboriginals with edge-to-edge bite and as much as 20% of the population 

of Germany with the same relation. He believes that overbite should be prevalent in the "Indogerman race 

while edge-to-edge bite must be considered a pithecoid character. According to Hellman (1919 b) Amerindians 

and Eskimo show edge-to-edge bite exclusively. Weinert (1936) in reconstructing Pithecanthropus chose overbite 

conditions without offering an explanation for such a selection. 

The lower incisors of Sinanthropus as represented in the adult male mandible G I (figs. 283 and 285) have 

their wear facets parallel to the alveolar plane. Their conditions correspond to those of the upper incisors of the adult 

female maxillae L II and O I. Thus, there is no other choice but to suggest that the dentition of adult individuals 

with strongly worn teeth have had edge-to-edge bite relations. But I doubt whether the same applies to young 

individuals. The special feature of the isolated upper incisors indicate overbite relations combined with strong 

prognathism rather than edge-tp-edge bite. Hence, I am not certain whether or not a change may take place m 

the manner of occlusion due to such extremely advanced attrition as occurs in adult individuals of Sinanthropus or in 

recent man, especially in cases in which the type of food had produced a premature and extensive wear. Since the 

upper incisors are placed more obliquely than the lower ones, the overbite relations must become less pronounced the 

stronger the attrition. Unfortunately, I am not in a position to undertake thorough investigations on this subject, but 

I do consider the question sufficiently interesting to attract the attention of dentists. I suspect that Keith's well known 

statement (1925, p . 670) of an overwhelming majority of edge-to-edge bite in Anglo-Saxon skulls in contrast to an 

overbite of over 9 5 % in modern English people may partly be explained by the suggestion that in Anglo-Saxon 

period the attrition of the teeth was much more advanced on account of haid food than it is the case at present, and 

hence, the original overbite lost in the former, while it persists in the latter. It must be kept in mind that the existence 

J overbite relations in human incisors can only be determined in such teeth in which the real cutting edge is not 

worn off too extensively. If the teeth are worn to such an extent as to bring the basal parts of the crowns into direct 

contact, then conditions of edge-to-edge bite seem to be given. Therefore, canines, especially those which mterlook, 

are much more decisive for the conditions of the front teeth than the incisors. 

O 

w< 
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Indeed, regardless whether edge-to-edge bite or overbite relations exist, the structures and the mechanism of 

the remaining factors of the masticatory apparatus fail to reveal any fundamental differences. Welcker (1902), it is 

true, claimed that in cases with edge-to-edge bite ("labidodonty") the marginal line of the alveolar border of the upper 

jaw and the outline of the chewing surface should describe, when viewed from the lateral side, a regular convex 

curvature from I1 to M3 with the deepest point in the level of Ml—so-called Spee's curve—and that in cases of overbite 

("psalidonty") this line should attain an S-shaped form with its anterior section more or less descending. It is very easy 

to demonstrate that Welcker's conception is without any foundation. Figures 304 and 305 represent two maxillae of 

recent man (North Chinese) with strong prognathism and overbite relations which at the same time show a very pronounced 

convexity of the outlines of the alveolar borders. 

Lubosch (1906) made a similar error as Welcker. According to him the overbite relations of the incisors must 

be due to orthognathism prevalent in recent man, while edge-to-edge bite combined with prognathism should exist in 

anthropoids. Lubosch even goes further by claiming that he development of the articular tubercle of the temporal bone, 

so characteristic for recent man, must be considered as a consequence of the acquisition of an orthognathic face, for 

in anthropoids with very pronounced prognathism this tubercle were almost completely absent. Apparently due to 

lack of adequate material Lubosch failed to observe that neither orthognathism nor prognathism has anything to do 

with the occlusal conditions of the incisors in recent man or anthropoids, since edge-to-edge bite (fig. 306) and 

overbite (fig. 304) may occur in prognathic anthropoids as well as in hominids. Furthermore, the formation of the 

articular tubercle is also independent from the special configuration of the jaws and from the manner of occlusion. 

As has been shown above, Sinanthropus in spite of a very pronounced prognathism (fig. 345) already possesses a 

well developed articular tubercle and the same combination is rather common in recent man as seen in figures 304 

and 305. For the same reason Hoever's (1912) idea that the formation of the articular tubercle in recent man 

is a consequence of the adaptation to overbite, substituting the original edge-to-edge bite of anthropoids, must also be 

considered as erroneous. It is not impossible that the overbite relations in recent man as far as they are found in 

unworn teeth are due to an unequal reduction of the frontal parts of the maxilla and mandibles. I shall return to this 

question below. 

In the chapter dealing with the canine problem the question had already been raised whether the presence of 

a diastema can be taken to be an indication of there having existed originally a large canine in a preceding stage cf 

human evolution. Within this chapter it was shown that a diastema had not been present in the lower dentition of 

Sinanthropus, but what the conditions were in the upper jaw could not be ascertained due to lack of material. 

Since the writing of that statement the upper jaw of Locus O I was found (fig. 354) which demonstrates that there 

is not the slightest indication of the presence of a diastema. Nevertheless, as has already been pointed out, it is 

impossible to draw any conclusions with regard to the conditions of canines in preceding stages for even in recent 

anthropoids diastemata in upper and lower jaws may be completely absent, despite the really tusk-like canines (cf. 

female orang of fig. 306). The fact that such an occurrence is rather common, especially in orang, is proven by 

Selenka's (1898/99) statement. H e found that in the upper jaws of female orangs a diastema was missing in 30% 

and in lower jaws in 34%. The percentage derived for the male orang is smaller but nevertheless was found to be 

missing in 18%. The problem on the diastema will be treated more extensively in my forthcoming publication on 

the face of Sinanthropus. Here it may be stated that diastemata in maxilla and mandible are not all of the same 

nature. A genuine gap does not exist in the mandible between canine and first premolar. In most cases it is feigned 

because of the far projecting anterior branch of the premolar root which causes the protocone to be more or less 

removed to some distance from the canine. The less the sectorial type of the premolar is pronounced the narrower 

the gap. Since the sectorial type of this premolar is a secondary differentiation acquired within the group of anthropoids, 

the diastema of the mandible is also a secondary acquisition. • The character of the diastema of the maxilla, however, 
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is different. Here the gap between canine and lateral incisor, due to the different direction of these teeth, is greater 
the more these two teeth diverge in their courses. Hence, the diastema is narrower the more erect the position of 
the incisor (cf. fig. 220) and it is wider the more the incisors take a straight course (cf. fig. 219). As to how much 
the direction of the teeth exerts an influence upon the configuration of a diastema is revealed by figure 300. In the 
prosimian illustrated there a wide gap may be seen to exist between the lower canine and the first premolar. In this 
instance, however, the gap is not a consequence of a sectorial type of the latter tooth—for there is no such t y p e -
but only a consequence of the special position of the canine which assumed the appearance of an incisor and, 
together with the incisor group, formed an almost horizontally extended "comb".- The upper canine with its sabre-
like form in such case has no relation to the diastema but overlaps the first lower premolar quite far laterally. 

B. THE DENTAL ARCADE 

The dental arcade of the Sinanthropus mandibles has been discussed in great detail in an earlier publication 
(1936 b). Therein it was shown that this arcade represents a relatively narrow curve, especially in its anterior part, 
when compared with the respective arcades of recent man or with those of the Neanderthal mandibles. Of particular 
interest in this respect was the fact that the Heidelberg mandible considered by the majority of investigators as 
the most primitive hominid type and as characteristic for priminids in general, showed in contrast to the Sinanthropus 
mandibles a more widely curved arcade which scarcely differed from that of recent man. In order to demonstrate 
this condition again, figure 301 was chosen which gives the occlusal view of the dental arcades of a juvenile chimpanzee 
(a), of the restored female Sinanthropus mandible H I (b), of recent man (c), and of the Heidelberg mandible (d). 
Like in the Sinanthropus mandible all the teeth are missing except M3 but the alveoli are preserved. So as to 
facilitate a comparison, such mandibles of chimpanzee and recent man were chosen which exhibited the same dental 
conditions. In the Heidelberg mandible most of the crowns of the left side are broken off, so that the location of the 
alveoli may also be seen. It is evident in these illustrations that the entire arcade of the Sinanthropus mandible is 
narrow, especially in the posterior part when compared with the Heidelberg mandible or recent man. My publication 
on the Sinanthropus mandibles also contained an occlusal view of the reconstruction of a male Sinanthropus mandible 
(G I, Plate XII, l). In mandible H I (fig. 301, o) the symphyseal part was preserved and thus yielded a reliable 
basis for the reconstruction of the arcade, while in mandible G I this part is missing and therefore the reconstruction 
based on more hypothetical factors. The mandible K I (figs. 287 and 288) and a fragment of another one without 
any teeth which were subsequently recovered permit a correction of the reconstruction in some respects. It now appears 
that the distance of the rami estimated in the reconstruction is too wide and that the posterior part of the dental 
arcade had been narrower still, but that the anterior portion had been correspondingly somewhat wider. With this 

• correction the entire arcade of the male mandible would present approximately the same aspect as the female mandible 
H I (fig. 30!, 6), merely that all the dimensions would be larger. 

Hellman (19I9 a) supplied diagramatic illustrations of six different arch forms of the anthropoid dentition. 
The form represented by the Sinanthropus. mandibles bears the closest resemblance to Hellman's "divergent" 
form which, according to him, occurs in 85% of gibbon and in 66% of chimpanzee but may also be found in 
gorilla and orang to a considerable percentage. Yet the actual differences between the hominids and anthropoids 
cannot be recorded in such diagrams because both show the "divergent" form and the differences mainly concern 
the width of the arch. As shown in my publication on the Sinanthropus mandibles the most characteristic criterion, 
in addition to the narrowness of the enlire arcade, is the even curvature of the anterior section (fig. 30!, o), while 
in recent man (fig. 301, c) the front teeth form an almost straight line with the participation of the canines which 
have lost entirely their original character as points of rotation around which the curve courses backward (cf. Hellman). 
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The regression of the entire front section is a consequence of the reduction in the robustness of the teeth, especially 
of their roots. Within the Sinanthropus stage the primary anthropoid conditions are still preserved. The "divergent** 
form is here more pronounced in the maxilla than in the mandible with the arcade increasing in width towards its 
posterior end, while the anterior section exhibits approximately the same degree of curvature as the corresponding 
section of the mandible. 

C. THE INFLUENCE OF THE REDUCTION OF THE TEETH ON THE FACIAL SKELETON 
The complete dentition of recent man (a) and Sinanthropus (b) is reproduced in figure 239 in natural size. 

The former is taken from Spalteholtz* atlas, while the latter represents a combination of actually existing tooth types. 
The orientation of the two series is different, in recent man the chewing surfaces were placed in a straight line, 
whereas in Sinanthropus the boundary between crown and root was used as level. 

A comparison of the two dentitions reveals not only the great differences in size of both crown and root but 
also the relatively greater height of the front teeth of Sinanthropus, including the canines. In recent man such 
differences in height are less pronounced but still existent. The greater height apparently is a consequence of the 
primary grasping character of these teeth which is combined with a far projecting muzzle. Without a detailed 

.description of the conditions of the upper jaw and face, it is impossible to enter into a discussion of the entire 
question. Hence, I shall return to this problem in my forthcoming study on the face of Sinanthropus, 

In my publication on the Sinanthropus mandibles (1936 b) and in the study of the development of the chin, 
(1934) I was able to demonstrate that the formation of the human chin, particularly of that structure which I 
termed "mentum osseum*' must be considered as a direct consequence of the reduction of the alveolar process of 
the mandible. The reduction of this bony part of the jaw itself is again a direct consequence of the reduction of 
the front teeth, particularly of their roots (cf. textfigs. 15-29 in above mentioned publication 1936 b, illustrating 
these conditions.) The reduction of the alveolar part in recent man is manifested by a more or less deep furrow 
which courses from one side to the other just below the alveolar border and so accentuates the prominence of the basal 
part, that is to say, the "mentum osseum**. H . Virchpw (1920) termed this furrow "incurvatio mandibulae anterior. 
In Sinanthropus, where a mentum osseum does not occur nor a reduction of the front teeth and of the alveolar process, 
this incurvatio is missing. As the reduction of the teeth and their roots also takes place in the upper jaw, it 
may be expected that similar conditions will be found to exist there. As strange as it may seem, they have not 
attracted as much attention as those of the mandibles, at least I was unable to find any reference to this question in 
the available literature. 

The reduction of the alveolar part of the maxilla in recent man is indicated by the "hollow cheeks *, so to 
speak, which may be found in every skull regardless whether it is that of an Australian native, a prognathic Negro or 
an orthognathic European. The entire facial wall of the maxilla from the nasal bridge downwards and the infraorbital 
border has sunken in deeply. That which is called fossa canina or fossa incisiva represents only those regions where 
the process in question appears most advanced (figs. 304 and 305). In anthropoids the facial wall of the maxilla 
bulges out and projects (fig. 306). One of the most characteristic differences between recent man and anthropoids 
concerns the special configuration of the facial entrance of the nasal cavity. In recent man there is a prominent 
nasal spine and—at least in typical cases—a more or less pronounced threshold coursing from this spine toward the 

' lateral border of the aperture and separating the deeper located floor of the nasal cavity from the anterior surface 
of the alveolar process. In anthropoids the nasal spine is entirely absent or at best indicated by an indistinct 
elevation and the anterior surface of the alveolar process continues directly into the floor of the nasal cavity. 
The prominent nasal spine of recent man is apparently the analogy to mentum osseum of the mandible, representing, 
so to say, the "chin** of the maxilla. As a consequence of the reduction of the alveolar process of the maxilla 
these parts emerge and form the proper frame of the facial construction like the basal part of the mandible. 
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Figure 345 demonstrates that Sinanthropus in this respect resembles the anthropoids much more than recent 
man. The alveolar process bulges out, the canine ridge is well developed and takes part in the formation of the 
lateral border of the nasal aperture. It is true that the median region itself is only partly preserved in maxilla 
O I, but a nasal spine cannot have been present because the floor of the nasal cavity does not show any elevation 
toward the median plane up to the nasal opening of the left incisive canal. Neither is there an indication of a threshold 
bordering the floor of the nasal cavity. The floor is completely even and separated only by a simple and not elevated 
brim from the anterior surface of the alveolar process. These peculiarities—more detailed information will be given 
in my forthcoming publication—together with the prognathic character of the entire maxilla mentioned above show 
that the configuration of the latter as far as it depends upon the conditions of the teeth corresponds to that of the 
mandible and that Sinanthropus represents in this respect also a very primitive type of hominid. 

Finally, with regard to the topographical position of the Sinanthropus molars in relation to the jaws there are 
no essential differences either between Sinanthropus and recent man or between the former and the anthropoids. 
It is interesting to note that in the male Sinanthropus mandible G I the third molar is partly concealed behind the 
anterior border of the ramus (cf. Plate X , 7 b and Plate XI , I of my study on the mandibles, 1936 b). This 
condition is common to anthropoids and also occurs in recent man. Nevertheless, it is interesting that in the Heidelberg 
mandible, despite the bulky character of the entire jaw and the extraordinary breadth of the ramus, the third molar 
is located in front of the ramus. In the upper jaw a similar landmark is represented by the level in which a per
pendicular drawn from the middle of the zygomatic process of the maxilla meets the molars. In Sinanthropus maxillae 
O I and L II this line meets the distal border of the first molar. There is no general rule, however, neither in 
anthropoids nor in recent man. Occasionally, the line meets the middle of the first molar or the mesial portion of 
the second. , %#. -

D. THE DECIDUOUS DENTITION "^ 

Due to the fact that a maxilla with deciduous teeth has not been recovered up to the present, it is impossible 
to make any statement on the occlusal conditions of the infantile jaws. The mandible B IV, .however, with a 
complete deciduous dentition permits conclusions to be drawn at least on the conditions of the lower jaw. . ,k • m, 

It was shown in figure 69 and Table VI in my study on the Sinanthropus mandibles (1936 b) that the angle 
of inclination (63°) formed by the front part of the jaw with the alveolar plane is about intermediary between that 
of the chimpanzee child (54°) and that of Chinese child {75°) with similar conditions in dentition. That figure, 
however, also demonstrates that the central incisor of the Sinanthropus mandible is much more erect than is true in 
the chimpanzee child, being even somewhat recurved like in recent man (cf. Plate VIII, figs. 3-5 of the mandible 
publication and fig. 299, b herein). The wear facet forms a right angle with the longitudinal axis of the incisor 
and the so preserved cutting edge of the lateral incisor exhibits the same manner of attrition. From this appearance 
it may be deduced that edge-to-edge bite relations existed. Unfortunately, it is impossible to draw any conclusions 
on the angle at which the upper incisors had been embedded within the maxilla. Edgc-to-edge bite relations exist in all 
cases with deciduous dentition of orang, gorilla and chimpanzee among our material. The number, however, is too 
small to permit the statement as that such manner of occlusion actually prevails within the deciduous dentition of the 
great apes. With regard to recent man investigations on the occlusal relations in deciduous dentition of the various 
races seem to be lacking. In the material at my disposal I found overbite in all cases of European and Chinese jaws. 
As to the conditions within the Neanderthal group we have no information due to lack of material. 

The fact that the deciduous canine of the infantile Sinanthropus mandible B IV is separated from the lateral 
deciduous incisor as well as from the first deciduous molar by a rather wide gap had already been pointed out in my 
publication on the Sinanthropus population (1935). Plate I of the latter contains photographs of Sinanthropus -
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mandible B IV (fig. 2) compared with a chimpanzee mandible (fig. 3) and a North Chinese child (fig. 1) both of which 

exhibit a similarly complete deciduous dentition. In Sinanthropus and in the chimpanzee child wide gaps may 

be seen to exist, whereas in the human child the teeth are crowded together and do not show any gaps. Gaps may 

also be observed in the photograph of the mandible B V illustrated in figures 299 a-c and 303 in this study. 

Unfortunately, I am not able to determine whether this arrangement of the deciduous teeth may be considered 

typical for Sinanthropus or whether it represents an exceptional case because the mandible described above is the 

only one equipped with an entirely deciduous dentition. The Sinanthropus mandible B 1 (illustrated in Plate II, 

figs. 1-3 of the mandible publication) does not reveal any gaps; it must be taken into account, however, that in this 

case the deciduous incisors have already been replaced by the permanent teeth. Among the orang and chimpanzee 

mandibles at my disposal the original gap between the lateral deciduous incisor and the canine cither disappears or 

becomes narrower if the permanent incisors have erupted. It is possible that the same conditions existed in Sinanthropus. 

The diastemata separating the Sinanthropus deciduous canine from its adjacent teeth are not of equal width, 

the gap between the canine and the first molar with a width of 1.7 mm being broader than that between the canine and 

the lateral incisor with a width of 1.3 mm. Contrary to this, the anterior canine gap in the great apes seems to be 

slightly wider than the posterior one. The posterior gap occupies the same position as the diastema of the permanent 

dentition. The latter must be considered as a formation correlated with the strong development of the upper canine 

and the first premolar/ Of the deciduous dentition of anthropoids the upper canine interlocks in a similar manner. 

Therefore, the existence of a diastema in the lower deciduous dentition of Sinanthropus suggests that the upper canine 

must have been much stronger than in recent man. An upper deciduous canine of Sinanthropus has as yet not been 

recovered. The anterior gap, however, demands a different interpretation. Its existence cannot depend upon an 

interlocking upper tooth. Since this gap disappears after the eruption of the permanent incisors, its only purpose seems 

to be to reserve an adequate space for the permanent teeth. Such a view is supported by the fact that there is a narrow 

gap of 0.9 mm width between the first and second deciduous molar also (cf. fig. 299). In any case, it is remarkable 

that the deciduous dentition displays in regard to these gaps the same conditions as in anthropoids, while in recent man 

—at least as a rule—those gaps are absent. 

It may be that the development of the gaps has something in common with the transformation of the dental 

arcade during the second dentition as demonstrated in the study on the mandibles (pp. 108-112, 1936 b). It possi 

Indicates that, despite the human character borne by Sinanthropus in regard to that transformation, there have been 

similar conditions as those in anthropoids in an earlier stage of evolution. 

*>V;' :'**£';& 
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V. SINANTHROPUS TEETH COMPARED WITH SUCH . J ? | M | S ^ 
OF DOUBTFUL NATURE 

The discussion herein will deal with certain doubtful findings the taxonomic character of which is being 
debated and upon which new light may be shed by a comparison with the Sinanthropus material. .For it must be 
borne in mind that with the discovery of the Sinanthropus teeth and the recognition of their primitive nature most of 
the old problems appear in a different light. The earlier comparisons have the disadvantage that teeth had been con
sidered as prototypes of primitive hominids which In the light of the new material are no longer entitled to such 
special positions. The teeth of the Heidelberg mandible have played a great role in this regard, and, so to say, a 
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fatal one. I have no intentions of going into details regarding all these questions and the literature connected there

with, but consider it sufficient to merely discuss the problems on the basis of the newly acquired facts. 
• fr» v —-' . „ . . * . » . - . . . ;".£»•..• . — ~ ^ 

A PITHECANTHROPUS ERECTUS 
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It is only appropriate to begin this comparative study with the description of those teeth which were found 

together with the skull cap of Pithecanthropus and attributed to belong to the same individual by their discoverer E. 

Dubois. Only recently (1937) E. Dubois arrived at the conclusion that, the skull cap must be considered to belong 

to a giant gibbon and not to a real.hominid as was believed a certainty after the discovery of Sinanlhropus. ' 

Dubois did not refer to the teeth particularly when making the above statement, but since in his earlier study 

(1924) he was convinced that the teeth belonged to the same individual, there is no other way but to classify the 

teeth into the same category, that is to say, they must be attributed as also belonging to a giant gibbon. In figure 242 

two of the three Pithecanthropus teeth are copied after Dubois* illustrations and casts at my disposal. Dubois 

determined a as representing Pi rt and o as M3 rt. In this connection it should be noted that the first lower 

premolar of a gibbon in all cases represents a typical sectorial tooth similar to that of Dryopilhecus in figures 240 and 

241. .The Pithecanthropus premolar (a) does not bear the slightest resemblance to such a fcrm; instead, it shows in 

all its details the characteristic features of a heninid tooth. Figure 133 illustrates furthermore a right third upper molar 

of SymphaJangus syndaclylus. Its shape and pattern—the difference in size may be disregarded since Dubois 

considers Pithecanthropus a "giant" gibbon—is completely different from the Pithecanthropus molars. According to 

Remane (1921) it may occur, though rarely, that the metacone or the hypocone aTe strongly reduced in Hylobatidae 

but at any rate characteristic for this primate order is that the cusps are well developed and represent high and 

distinctly circumscribed cones, while on the other hand wrinkles are completely nvssing. The Pithecanthropus molar 

reveals exactly the reverse condition. The third Pithecanthropus tooth, a third or second upper molar, resembles the 

tooth illustrated in figure 242 6 so closely in size, shape and pattern that it is of no significance here whether it concerns 

a second or a th:rd molar. Thus, neither the premolar nor the molars rate the classification as belonging to Hylobates. 

• For it must be supposed that a "giant gibbon** must also have the same types of teeth characterizing the entire 

group, unless that term implies nothing more than a totally imaginary form. 

As to the question whether or not the three teeth belong to the same individual it may be stated that certain 
authors (HrdHcka, 1930, and Adloff, 1931) contend such a possibility. R. Schwarz (1930) and Adloff (1931) 
already called attention to the fact that the premolar is much less worn than the two molars. As evident from figure 
242 this is perfectly true. The first lower premolars erupt much earlier than the third upper molar, so that exactly 
the reverse feature may be expected if both teeth belong to the same individual. There is another important contrast 
between the two teeth, however, which excludes any possibility of regarding them as fellows of the same dentition. 
Adloff (1931) already pointed out that the premolar is far too small in proportion to the bulkiness of the molar. 
Both these teeth are copied in the same size in figure 242 (2/1). There is no primate which shows such a ratio in 
size between Pi and M2 or M3 like that in the case of Pithecanthropus. As may be seen from the diagrams the 
premolars of the hominids are smaller than the molars, but in anthropoids there is not such a great d fference in the 
robustness of the crowns in question (confer Table XXVII giving the robustness (length x breadth) of the crowns 
of P, and M3 together with computations of the ratio between the two teeth). 
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TABLE XXVII 

gth x breadth) of crowns of Pi and M3 
Hit&;\ 
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Gorilla? ; i 
Orang 9 
Chimpanzee 9 
Symphalangus synd, 
Symphalangus synd. 

Sinanihropus 
Recent man in general 
Recent man Australian 
Recent man Bushman 
Pithecanthropus. , 

average 

•« 

average •« 
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150 
113 
82 
42 
33 

(min.) 
87 
59 
69 
52 

-{" 57 

M3 

208 
133 
101 
55 
73 

(max.) 
108 
106 
123 
84 

173 

Ratio 

72.2 
85.2 
81.1 
76.3 
45.2 

80.5 
55.7 
5 6 . 1 " 
61.8 
33 
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The respective values are those derived from the diagrams, the values for Symphalangus are taken from Remane 
(1921), those for Pithecanthropus from Dubois* (1924) measurements. The table reveals that in anthropoids and 
Symphalangus the robustness of the crown of Pi in average is somewhat more than three-fourths of that of M3 and 
the same holds good for Sinanlhropus. In recent man the ratio is much less, the robustness of Pi here being somewhat 
more than one half of M3, apparently as a consequence of the relatively much stronger reduction of the premolar. 
In Pithecanthropust however, P 1 .only represents a third of the robustness, of M3. The values derived show that 
the robustness of the premolar completely falls within the range of variation of recent man, a condition which cor
responds to the entire appearance of this tooth, while the robustness of the third molar is rather similar to that of a 
recent female gorilla. In order to demonstrate that such a combination is impossible, the minimum value for a 
Symphalangus premolar in relation to the maximum value for a Symphalangus third molar (measurements after Remane) 
are also given'. Even in this rather improbable case the robustness of the premolar is only slightly less than one half 
of the molar. Since the robustness of the remaining molar of Pithecanthropus amounts to 166 (instead of 173 for M3) 
the difference may be disregarded. In any case the values prove not only that the premolar and the molars cannot 
belong to the same individual, but also that they can neither belong to the same species. The outlines of the crowns 
of a first lower Sinanlhropus premolar and a third upper Sinanlhropus molar are placed side-by-side in figure 242 a 
and o . Both teeth represent the small type and probably belong to female individuals. A comparison with the 
corresponding Pithecanthropus teeth shows the conditions of size which actually exist (a' and o') and those which are 
imaginary (a and o). 

Most of the authors are unanimous in considering the first premolar (fig. 242 a) of Pithecanthropus as being a 
human tooth. But in view of its palasontological character and its alleged relationship to the skull cap of Pithecanthropus 
there arises the question as to whether there is any resemblance to the corresponding tooth type of Sinanthropus. 
I have been able to prove (1937 c) that the Pithecanthropus skull cap approaches the female Sinanthropus Skull II 
Locus L to such extent that both have to be taken as representatives of a closely related hominid group with 
Pithecanthropus representing the somewhat more advanced type. The Pithecanthropus premolar is undoubtedly smaller 
than any of the Sinanlhropus premolars on hand.' The values for robustness of the small (female) type of the latter 
even range from 74 to 81, while those for that of Pithecanthropus amount to only 57. In addition to this difference 
the pattern of the Pithecanthropus premolar is quite different from that of the Sinanthropus premolar. The attrition 
is relatively slight and rather confined to the buccal moiety and the protoconid, so that the region of the metaconid is 
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hardly affected. A comparispn with the first Sinanthropus premolars (figs. 79, 80, 82, 83, 84, 86, 87, 328) exhibits 
that the pattern of the chewing surface lacks the numerous features which characterize Sinanthropus. The premolar 
bears the closest resemblance to that of the Mousterian youth (fig. 94) but with the remarkable. difference that the 
latter shows an asymmetry in favour to the talonid pattern (cf. fig. 329), while in the Pithecanthropus premolar the 
trigonid portion is longer than the talonid one. Therefore, this premolar either belongs to a recent man type or 
at best to a Neanderthal type, although it is not very characteristic for such a type. In any case, this tooth does not 
have the slightest resemblance to a Sinanthropus premolar and, therefore, my belief that it does not belong to the 
Pithecanthropus skull cap. 

The upper molars of Pithecanthropus, especially the third one, illustrated in figure 242 0 offer a rather dif
ferent aspect. The premolar is too small when compared with Sinanthropus to the same extent as the third molar is 
too large. Its robustness amounts to 173, while those of Sinanthropus range from 90 to 126 with an average of 113. 
With regard to the length-breadth relation the index in Sinanthropus ranges from 116'to 128 with an average of 
122.5, while that of the Pithecanthropus molar amounts to 135.4. This difference is too small, however to be of 
significance. Of greater importance is the fact that the buccal, lingual and distal surfaces of the crown are convex to 

. such an extent as has never been observed in Sinanthropus or in hominid molars but a condition which exists in orang. 
On the other hand, though not as pronounced as in the Pithecanthropus molar, the triangular form in consequence of 
a considerable reduction of the metacone is very common in orang. But the most decisive factor is the pattern of 
the chewing surface; the cusps are very low and indistinct and the entire surface as far as it is not worn off covered 
by wrinkles which in total appearance (size, arrangement and abundance) show the characteristic peculiarities of 
orang wrinkles (compare figs. 125, 126 and 243 a and 6). R. Schwarz (1930) already noted this feature. 

The roots are rather robust and strongly divergent and the buccal branches fused. These peculiarities, 
however, are not so specific as to make a certain diagnosis possible, with the exception that their appearance coincides 
with that of the anthropoid roots. 

An unprejudiced examination of the Pithecanthropus molars will leave no other choice but to attribute them 
as belonging to an orang. Indeed, such a definition would coincide with Turner's first impression (1895) when he 
examined the molars, as well as with Topinaid's (1895) opinion. Both these authors had a great fossil orang in mind 
which may have lived in Java at the same time as Pithecanthropus. G. Miller (1923) compared the molars in question 
with those of 16 recent Borneo crangs and found that they failed to exhibit any feature which would separate them 
generically from an orang or, on the other hand, indicate a relationship to man. The only differences from recent 
orang, according to that author, being that they show a bulging out of the crown beyond the level of the roots mentioned 
above and the wider angle of divergence of the latter. Gregory and Hellman (1923) and von Koenigswald also 
emphasized the almost complete conformity between the Pithecanthropus and the orang molars. The entire question 
received a new aspect with the knowledge of the existence of a fossil orang within the same region and contemporary 
to Pithecanthropus, thus confirming Turner's and Topinard's suppositions. E. Dubois (1924) himself did not 
overlook the fact that the shape of the crown of the third molar "presented a striking resemblance to some orang-utan 

* teeth which I collected in caves in Central Sumatra" and goes on to say: "Besides, such a shape of crown of M2 

is frequently met with in the orang-utan." These orang teeth collected in caves by Dubois apparently belong 
to a fossil orang since most of the fossil orang teeth described in the meantime by C. C. Young (1932), W. C. Pci 
(1935) and von Koenigswald (1935) and mentioned herein were derived from caves in South China (Yiinnan and 
Kwangsi). The possibility that it concerns only one species of. orang is rather remote since von Koenigswald already I 
determined the presence of a giant prang (Gigantopithecus blacks The fossil orang species of Java may poss.bly l\ 
have those peculiarities which differentiate the Pithecanthropus molars from those of recent orang. . 
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Hence, the three teeth attributed to Pithecanthropus, that is to say, considered by Dubois as belonging 

to the brain case, can no longer be brought into any connection with the latter. The molars are those of a fo 1 

orang. Since the premolar bears such close resemblance to that of recent man and on the other hand is so different 

from that of Sinanthropus and in view of the close relationship between the Pithecanthropus and Sinanthropus skulls 

this tooth must also be excluded from the genuine Pithecanthropus material. 

As the premolar undoubtedly represents a recent man type, it is not surprising to learn that the tooth collected 

by the Selenka'expedition in the vicinity of Trinil and described by Walkhoff (1911) has been determined to also 

belong to a recent man type. This specimen known as the tooth of Sonde is a left lower molar, probably a first 

one, and so'worn that most of the finer details of the pattern have become obscure. Walkhoff considers it to b 

typically human tooth and was unable to define any particular primitive feature. 

A discussion of the geological conditions and an explanation for the presence of recent man teeth in Trinil 
layers, however, is beyond the scope of my study. 

•»'Xi-

B. THE PILTDOWN TEETH 

Earlier (1936) I was able to demonstrate that the Piitdown mandible did not bear the slightest resemblance to 

the Sinanthropus mandible in so far as the specific features were concerned. I pointed out, in accordance with 

Friederichs (1932), that all those peculiarities which determine the real individuality of this jaw were characteristic 

of the female orang. 

This study is only concerned with teeth. The question is whether they are hominid or anthropoid teeth, in 

the latter case they would correspond to the character of the Piitdown mandible. The majority of investigators 

who contended the human character of this mandible, as for instance G . Miller (1915, 1918) and Ramstrom (1916) 

considered the teeth to be anthropoid (chimpanzee). The difficulty of the whole problem, however, is not so much 

a morphological one as it is one touching the fundamental conception of the homogeneity of the animal organisation. 

The one who believes in the possibility of a mandible belonging to a skull with all the characteristics of recent man, 

despite its great ape appearance, will not hesitate to admit the combined occurrence of an anthropoid-like tooth and 

a human brain. In any case it is of interest to know whether the Piitdown teeth resemble those of Sinanthropus, the 

representative of the most primitive hominid known hitherto, and if so, in what respects. 

Four teeth have been attributed as belonging to the Piitdown man. Two right molars, one first and one 

second molar were found embedded within the mandible. An additional isolated tooth recovered subsequently from 

the same site was taken to represent a right lower canine and to belong to the same jaw. Still later a left, probably 

first lower molar was found at the same site but not at the same place and also brought into direct connections with 

the Piitdown findings. The reader is referred to the extensive literature dealing with these finds. 

As to the two molars in situ (fig. 216) Smith Woodward (1913) described them as being distinctly human. 

But since these molars are embedded within a mandible which, regardless of the various views held, differs considerably 

from that of recent man and approaches closely that of an anthropoid, one may expect that the molars, provided 

they really represent human teeth, bear a closer resemblance to those of Sinanthropus rather than to those of recent man. 

The size of the crown cannot be determined here with any degree of accuracy because the original teeth are 
not available for measurements and also bacause such measurements as have been made by the various authors lack 
conformity. Therefore, the following discussion as far as the size is concerned must be regarded with every 
reservation. According to Hrdlicka (1922) for instance, the length and breadth of the two molars is the same, namely 
13.0 mm and 11.0 mm respectively, the robustness being 143 mm for both M» and M>. According to Woodward 
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(1913), however, the measurement for Mt is 109 (11.5 x 9.5) and for Ma 120 (12.0 X 10.0). The latter values 
are rather inferior to those derived for the Sinanthopus molars. For these in Sinanthopus range from 120 to 171 in 
Mlf and from 136 to 168 in Ma, if only molars in situ are taken into account. On the other hand Diagram 41 
reveals that the robustness of the Piltdown molars coincides completely with the average of a male chimpanzee with 
109 and 123, respectively. As a matter of fact, the average values of 132 and 148 derived for the female orang 
(cf. Diagr. 45) are superior to the Piltdown values, if Woodward's measurements are correct, but this smallness of the 
Piltdown molars is in complete accord with the size of the mandible which is inferior in all its dimensions when com
pared with that of a female orang of today (Friedcrichs, 1932; Weidenreich, 1936 b). The length-breadth index 
of the Piltdown Mi is 82.7 and that of M3 83.5 (according to Hrdlicka's measurements 84.6 in both molars). These 
values are decidedly inferior to those of Sinanthopus with a variation from 91.1 to 97.2 for Mi in situ and from 
95.9 to 102.3 for Ma in situ. But it must be kept in mind that this index may drop to a very low level in Neanderthal 
molars and even in recent man and on the other hand may reach a rather high level in anthropoids, especially in the 
orang, so that the length-breadth index cannot be considered a reliable criterion for classification. According to 
Hrdlicka's measurements Ma is of the same size as Mi, while according to Woodward and the casts Ma is somewhat 
larger than Mi. The latter conditions may also be observed to occur in Sinanthopus. As to the trigonid and 
talonid indices the trigonid of Mi with an index of 86.2 is much broader than the talonid with an index of 78.0 on 
the basis of Gregory and Hellman's measurements (1926), while the corresponding values for Ms amount to 85.6 
and 81.6. The difference of 8 index-units between trigonid and talonid in Mi and of 4 units in Ma is much higher 
than in Sinanthopus and thus represents a distinct indication of the anthropoid character of the Piltdown molars. 

The measurements give only a partial answer to the question whether the Piltdown molars are hominid or 
anthropoid but the pattern of the crowns and certain other structural features may be a better aid. Unfortunately, the 
teeth are rather worn, so that only a few details may be observed. These, however, suffice for a diagnosis. In figure 
Mi 216 and Ma are copied on the basis of the original drawings in Dawson's and Woodward's publication (1913), and 
photographs reproduced by Gregory and Hellman (1926) and finally casts. Both molars are characterized by the 
distinctness with which the talonid cusps are separated from the other cusps, not only on the chewing surface itself 
but also on the outer sides of the crown. This isolation of the individual cusps which has been preserved despite 
the strong attrition is a very specific feature and never met with in a hominid molar, even not in Sinanthopus where 
the cusps are still more distinct than in recent man. A glance at the Sinanthopus mandibles (figs. 283, 284, 288) 
or the isolated molars with approximately the same degree of attrition as the Piltdown molars (fig. 141 o, 147 o) will 
show that the bases of the cusps are much more fused. The isolated condition is especially true of the hypoconid 
which, in addition to the feature in question, also reveals a very characteristic basal form in its cross section produced 
by wear—"typical wedge-form**—according to Ramstrbm (1916). Moreover, there is in both molars a deep depression 
corresponding in its position to the talonid basin and from this pit fine fissures meander between the bases of the 
talonid and the trigonid cusps. A similar arrangement will not be found to occur in hominid molars, whereas it 
is quite common in molars of an orang. Two lower orang molars (Mt and Ma) are copied and illustrated in figure 
342 after Selenka (1898/99). These molars represent the teeth of a female orang with almost the same degree of 
attrition as the Piltdown molars. The illustration was selected at rand m from many similar drawings. It may be noted 
that the hypoconid displays exactly the same form as in the Piltdown specimens. The fact that Selenka's drawings 
illustrate typical forms is confirmed by the majority of teeth of adult female orang. The extensiveness of the isolation 
which the cusps of the orang molars show in advanced attrition is all the more surprising because, according to the 
general viewpoint, the orang should be provided with the lowest and the least distinct cusps. In reality tlvs is not 
so and, as has been shown above, the development of the cusps in the fossil orang is still more pronounced than 
in present-day orang. • 
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That the Piltdown molars are those of an orang-Iike ape is furthermore demonstrated by the arrangement of 

the cusps and their relative size (compare fig. 216 with fig, 342). The reader is referred to FriedericrTs remarks 

on this point (1932). An additional support is given by the inner structure of the molars. As revealed by 

figure 317 which represents a copy of Underwood's (1913) skiagram of the Piltdown mandible the pulp cavities of the 

two molars are rather 'arge and high, that is to say, that they show the conditions of "taurodontism". Earlier h * 

it was shown that such a phenomenon cannot be taken as a distinctive criterion. I was able to prove how tk 

in contrast to the frequently stated opinion, laurodontism may also occur in anthropoids, especially in the female o 

Figure 320 is such a skiagram of an adult female orang of today. A comparison of figure 320 with the Piltdo 

skiagram of figure 217 will show that the degree of taurodontism is exactly the same in both cases. More than this 

the comparison also shows that the constriction in the neck region is of the same extent in both types. The difference 

existing is that the roots of the Piltdown molars are lower than those of female orang, a condition which is only natural 

because the orang mandible chosen for comparison is much higher and bulkier than the Piltdown mandible O th 

other hand the two branches of the Piltdown Mi have the same appearance as those of the female orang the n e ' 1 

branch being lower and narrower than the distal one in both cases. 

Thus, there is not the slightest doubt that the two molars of the Piltdown mandible (in situ) are typical 

anthropoid molars with the closest resemblance to those of female orang of today. The latter statement is in complete 

accord with the results obtained for the Piltdown mandible (1936 b). G . Miller (1915, 1918) and Ramstrbm (1916) 

both are of the opinion that the molars cannot be considered to be those of a hominid but attributed them to 

a chimpanzee. It is true, that apart from the presence of * laurodontism* * which is not peculiar to a chimpanzee 

tooth, the Piltdown molars reveal a certain resemblance to the teeth of this ape, but the similarity only concerns the 

general anthropoid features while the wear of the crowns does not permit an accurate differential diagnosis. 

The left lower isolated molar attributed to a second individual of "Eoanlhropus" by Woodward (1917) was 

also described as a human tooth. Gregory and Hellman (1926) in illustrating the right molars of the mandible—their 

figure 21—placed that molar which they considered to represent a first one, side-by-side with the first molar of the man

dible for the purpose of demonstrating the identity of the two teeth. Figure 216 illustrating Mi It is a copy of Gregory 

and Hellman's reproduction completed by a cast at my disposal. A comparison of the left and the right molar, however, 

shows that they are not identical. The left molar is not only somewhat larger, though Hrdlicka derived the same 

measurements for this molar as for Mi rt and M8 rt, that is, 13 x 11, but it also lacks the features which characterize 

the right side. Although the degree of attrition is approximately the same, there is no trace of an isolation of the 

cusps on the chewing surface nor on the outer side of the crown; furthermore, there is no indication of a **wedge-form * 

of the hypoconid nor of a talonid basin or of wrinkle-like fissures. The tooth merely shows the presence of five cusps, 

a condition without significance. According to Gregory and Hellman's measurements the trigonid is to be considerably 

broader than the talonid, but the cast at my disposal shows only a slight difference between the former and the 

latter (94.4 against 91.8). In accordance with Friederichs' definition, I consider the left Piltdown molar a human 

tooth. It is true, that its length-breadth index (after Hrdlicka 84.6 and after Gregory and Hellman 85.7) is rather low 

but such low indices also occur in recent man. On the other hand, it is interesting that in contrast to the mesial surface 

of the Piltdown molar the distal one does not show a distinct contact facet as is common of first molars, especially 

of those in which the attrition of the chewing surface has reached an advanced degree. The absence of this 

peculiarity fully explains the relatively great length of the tooth. In any case, it has no specific resemblance to the 

Sinanlhropus molar. **•••* 

The most debated specimen of the Piltdown teeth is the canine. I shall confine myself to the demonstration 

that this tooth does not bear the slightest resemblance to a lower canine of Sinanthropus nor to that of recent man 

(cf. also Marston, 1936). Figure 213 represents a copy of the Piltdown canine after Dawson and Woodward (1914). 
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A comparison of the description given for the Sinanthropus canine and figures 50-56 will show that not one of the 
features characterizing that Sinanthropus tooth may be found in the Piltdown canine. . Both crown and root are entirely 
different not only in details but also in their general shape. The Piltdown canine is certainly not a hominid tooth. 
This statement is all the more remarkable because the Piltdown molars in certain features at least approach the hominid 
molars so closely that various authors were induced to determine them as being human. How could it be possible then 
that the molars are "distinctly human**, while the same mandible is different in all respects? 

Yet the Piltdown canine neither resembles any anthropoid canine, not even that of a fossil orang. Figure 61 
illustrates a right lower canine of a fossil female orang. Although the lingual surface of the Piltdown canine—also 
considered to belong to the right side—is strongly worn, yet it may easily be seen that the tooth has nothing in common 
with the orang canine. Here again the same contrasts may be observed, namely, the molars are orang-like in all their 
peculiarities, while the canine fails to show any similarity. 

It was claimed (Lyne, 1916) that the canine is a deciduous tooth. Such an assumption likewise seems incorrect; 

Figure 188 illustrates such a canine of Sinanthropus and figure 192 that of a fossil prang. A comparison wifh figure 213 

will show that in these cases also there is not the slightest resemblance. 
* * • • f 

The most conspicuous peculiarity of the Piltdown tooth is that the entire lingual surface, strongly worn from 

the tip of the crown to the base, represents .a, rather smooth concave surface. The latter appearance "does not fit 

a canine, lower or upper, because its opponent can in no case abrade the entire lingual «-urface only. Keith (1925) 

attempted to evade this difficulty by suggesting that in the case in question the canine had already been shifted into 

straight line with the incisors. But even in such a position that manner of attrition cannot have taken place. For, 

provided the tooth actually is a lower canine, as generally accepted, the occlusal relations of the incisors must then 

have been such of an exaggerated undershot bite. The far projecting structure of the front portion of the mandible, 

however, is absolutely in contrast to such an assumption. Adloff supposed that the tooth may represent a lateral 

upper incisor of an anthropoid. Figure 244 contains skiagrams of a lower canine of Sinanthropus (a); that of a small 

orang (0) and that of a lateral upper incisor of the same ape (c). When comparing these illustrations with the 

one of the Piltdown canine (fig. 213 s) it becomes obvious that in the latter case we are dealing with a very young 

tooth which must belong to a much younger individual than the one to whom the molars belong.. . 

' i*^ To determine whether this Piltdown tooth actually represents a canine or some other tooth type is beyond the 

task of this study. It is sufficient to have proven that the tooth has no relationship whatever to the mandible and 

still less to the fragments of the brain case. 

Hence, my conclusion that not one of the teeth of the Piltdown remains represents a primitive hominid type like 

Sinanthropus. The two right molars in situ belong to an orang-like anthropoid (Boreopithecus daWsoni, cf. Friederichs. 

1932) and the left isolated one is a recent human type. The same is true of the fragments of the brain case which 

were found later together with this tooth. 

I C. "'HOMO KANAMENSIS" 
?v*V ' - . :^ ( ^t .% 0^y •• w.ij »^^*J?:-*£-

In his work on the stone age races of Kenya Leakey (1935) refers to a fragment of a mandible composed of 

the alveolar part from the first right molar to the first left premolar, in which only the first and second premolars of 

the right side are preserved. The crowns of the first right mplar, those of all the incisors and of both canines are 

broken off but the roots are preserved in their sockets. According to Leakey the premolars also are not in a perfect 

state of preservation. Although that author admitted that neither the mandible, except in its robustness, nor the 

canines differ in principle from those of recent man, yet he established a new species of Homo whom he called Homo 

Kanamcnsis. This discrimination is based upon three features involving the premolars. The first, according to him, 

. * * • 

IMI F2: 
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being that the crown is not separated from the root by a constriction in the neck region, the second that both premolars 

are separated from each other by a wide gap and the third, that, as the skiagram shows, the pulp cavity of the root 

is relatively large. A >' 

It requires no special proof that neither one of these three features nor their combination within one mandible 
justifies the establishment of a new species of Homo. 

' ' ' 
The absence of a constriction in the neck region which is so characteristic for the teeth of Sinanthropus 

especially also for lower molars, will occasionally be observed even in recent man (fig. 146 a-c) and with reference 

to the gap between the two premolars Leakey himself reproduced a skiagram of a Homo sapiens mandible (Plate V D) 

in which the width of this gap is at least as much as that of the debated case. As regards the roominess of the root 

canals, its variation is so great and dependent upon so many circumstances that it certainly does not represent a reliable 

criterion for such a far reaching differentiation. Rebel (1931) reproduced in his figure 2498 a longitudinal section of a 

lower premolar of recent man showing a pulp cavity considerably larger than those of the Kanam teeth. 

Therefore, as far as the teeth arc concerned there is no significant reason to separate the Kenya man from 

recent man. 

VI.* THE SPECIFIC CHARACTERISTICS OF THE SINANTHROPUS TEETH '* 

.*<-*,* 

' ^ i . v 

Wcrth (1928), in summarizing all the facts available then, made the following statement with regard to the 

human dentition: ""Fossil man does not show any decisive differences in any respect when compared with recent man. 

All the characteristics of the dentition of fossil man fall within the range of variation of present mankind", and in 

speaking of the dentition went on to say: "'The result is always the same and implies that the dentition of man 

represents a very ancient type, so to say, an Early Tertiary form. , , The facts supplied by more recent discoveries 

have seldom been more distinct than in this case in proving the erroneous conception upon which such suppositions 

were based. • 

The view that plain structures and smooth surfaces of recent man represented genuine primary conditions 

was suggested by the relatively simple pattern of the teeth of Parapithecus which is generally considered a direct 

forerunner of the anthropoids and, therefore, a type not too far removed from the starting point of the hominid stem. 

The belief is that heminids, that is to say, recent man, have strongly preserved the original primitiveness, while it was 

lost in the stem of anthropoids in consequence of a more and more developed specialization. The entire literature 

contains remarks considering that the simple character is of a primitive pattern, while the complicated one of secondary 

nature; but it has been completely overlooked that a priori the reverse course is just as likely, namely that a com

plicated pattern in an earlier stage of evolution may be lost and then replaced by a simple one. The dentition of 

mammals offers very instructive examples for such possibilities; it would be sufficient if we bear in mind the phylogenlic 

line: Carnivora—Archaeoceti—Cetacea. 

Long before the discovery of Sinanthropus there were many' indications pointing to the secondary character 

of the simplicity of the tooth pattern in recent man. Each additional recovery of a not too worn tooth of the Nean

derthal man revealed the same feature, namely a much more complicated tooth pattern than that in present mankind. 

But with an astonishing obstinacy attempts were made again to minimize or to neglect the phylogenetic significance o 

those features or—a particularly favored method—to eliminate the representatives of such types by considering them as 

mere specializations removed from the main line of evolution leading up to recent man. 

yte.: The discovery of the Heidelberg mandible with his recent man-like dentition is chiefly responsible for that 

deplorable confusion. As .I have shown elsewhere (1936 a) there is no evidence in palaconanthropology that geological 
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age and morphological primitiveness must be considered as evolving hand in hand under all conditions and for all sites 
throughout the entire world. On the contrary, we have indisputable proefs that exactly the reverse relations may exist. 
It is no longer doubted, for instance, that the European Neanderthal types of the last interglacial period represented by 
the Ehringsdprf, Steinheim and Sacropastore skulls, exhibit despite their great geological age the characteristics of 
more advanced hominids than the "classic** Neanderthal man of La Chapelle-aux-Saints or la Ferrassie, though the 
latter belong to a later geological period thai the former. But it is not quite appropriate herein to enter into a discussion 
as to how the apparent dilemma may be solved. 

It has been shown in the description of the individual tooth types of Sinanlhropus that an uninterrupted line of 
evolution leads from the Sinanlhropus stage to that of recent man with the teeth of the various members within the 
Neanderthal group occupying an intermediate position, even though generally the latter have already approached the 
recent man stage more than that of Sinanthropus. Therefore, there cannot be the slightest doubt that Sinanlhropus 

actually represents a direct forerunner of recent man. Not only can this fact be proven with all the data furnished 
by the available skeletal parts but also and in particular by the conditions of the teeth themselves. In all such cases 
in which a certain number of teeth of a given type is at hand, the variation within Sinanlhropus himself embraces a 
continuous line from a very primitive stage to a rather advanced one. The lower premolars furnish the best examples 
in this respect. The first premolar illustrated in figures 79 and 272 b is, as mentioned above, so anthropoid-like that 
if it had been recovered as an isolated tooth and not within the Sinanthropus mandible B I, the majority of experts 
would have certainly suspected its belonging to a hominid. This would have been even more true of the second premolar 
illustrated in figures 97 and 273 6 of the same mandible. Then again, other Sinanthropus premolars like the first one 
of figures 272 c, 83 or 84 and the second one of figures 273 c, J, 101 or 103 have already lost some of their 
characteristic primitive features and closely approach the teeth within the Neanderthal group, even though they retained 
a number of primitive peculiarities. The same variability occurs also in the lower molars, as has been shown above. 
On the other hand, such primitive teeth like the premolars of mandible B I are fellows of lower incisors (fig. 27) 
which hardly differ from those of recent man. This feature of the Sinanthropus teeth corresponds to that of recent 
man, with the exception that in the latter the variations display the reverse tendency, a condition which may also be 

found in Neanderthal teeth. The fact that Sinanthropus falls within the direct line of human evolution is furthermore 
evident by the absence of such particularities of teeth which could be taken as expressions of specializations. As has 
been shown in the discussion of wrinkles and taurodontism both these features represent characteristics of primitive 
hominids. For they occur in the dentition of Sinanlhropus as well as in that of all the other members within the 
Neanderthal group—except the Ehringsdorf adult whose teeth do not show taurodontism—and persist to a certain extent 
in palaeolithic man and in certain races of present mankind (Bushman, Eskimo, Amerindians). The frequently stated 
view that the peculiarities in question must be considered as secondary specializations lacks any substantial foundation. 

The change in human teeth in the course of evolution, as far as it can be deduced from a comparison between 
the Sinanthropus stage and that of recent man, concerns the size, shape and special pattern. * As may be seen from 
the diagrams, the reductions of size affects the roots more than the crowns and the reduction in crown size is more 
pronounced in the canine and molar groups than in the incisor. The roots decreased particularly in height, especially 
in case of the front teeth and up to the second premolar, whereas the crowns in length, especially in the lower canine 
and molar groups. This manner of reduction produces particularly in the latter case a conspicuous change of the entire 
shape. The teeth concerned appear to be higher and shorter. The canines, the upper as well as the lower, have 
become much more slender in recent man, the lower canine even displaying a more pointed aspect. The talonid in 
the lower premolars which is well developed in Sinanthropus has completely disappeared, and the originally asymmetrical 
form with a relatively large mesiodistal diameter has become symmetrical with the latter diameter considerably smaller 
than the buccolingual one... A similar process took place in* the lower molars in which the tendency towards reducing 

GYtT 
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the length is manifested partly by a gradual diminution of the metaconid in addition to a different arrangement of the 

cusps (plus pattern instead of the original Dryopithccus pattern) and partly also by elimination of the distal cusps of 

the talon id. if. •*<•<* 

The change in size and shape is combined with a progressive simplification of all patterns which finally 

resulted in completely smooth tooth surfaces. One of the most characteristic features of the Sinanthropus teeth is the 

abundance of accessory ridges and folds. The latter cover the lingual or chewing surfaces of the teeth; their arrange

ment being adapted to the special structure of the tooth. Not less important than the presence of these wrinkles is the 

persistence of a well developed cingulum or its differentiations in all of the teeth. Both these features have become 

so obscure that the real nature of their remainders within the standard type of recent man can only be recognized 

by tracing them back to the Sinanthropus stage. 

t?" These processes of transformation taking place in the dentition during the phylogenetic evolution of hominids 

must be considered as partial occurrences of the numerous alterations of the entire skull. As far as the facial skeleton is 

concerned it consists of a reduction in massiveness and especially in the length of the jaws. The reduction affects 

particularly the frontal parts of the jaws, thereby causing a corresponding decrease in the height and robustness 

of the front teeth (chiefly of the roots) including the canines and the first premolars. An additional consequence is 

a diminution of the alveolar parts of the maxilla and mandible. T h e process affecting the maxilla leads to a special 

formation of the facial skeleton which may be designated as *'hollow cheeks*' and that of the mandible to the 

formation of the chin (mentum osseum). Simultaneously, the upper and lower dental arches become shortened and 

to a proportionate extent widened in their frontal portions. 

One of the most interesting facts revealed by the Sinanthropus material is that the reduction of the teeth 

within the entire Neanderthal group already has reached an advanced degree not too far removed from recent 

man; the structural peculiarities of these teeth bearing a closer resemblance to those of recent man than to those of 

Sinanthropus. The massiveness of the roots has been less affected. Unfortunately, the state of preservation of the 

teeth of the various specimens of the Neanderthal group is different. Most of the teeth (La Chapelle-aux-Saints, 

La Ferrassie, Gibraltar, Heidelberg, Rhodesia, Spy, Steinheim) are strongly worn as to make a detailed comparison 

impossible. This being the case, the judgement is confined to no more than the general shape. But the teeth of the 

Ehringsdorf and Gibraltar children, those of the Mousterian youth and certain of the Krapina remains are well enough 

preserved to permit a determination to a certain extent of the exact position occupied by them in the course or evolution 

leading from Sinanthropus to recent man. Of all those teeth only the second lower premolar of the Ehringsdorf child 

(fig. 105) shows some resemblances to the Sinanthropus type of mandible B I (fig. 97). But as is evident from 

a comparison of the two teeth this similarity is restricted to a mere general approach as far as the location of the 

trigonid and the formation of a talonid are concerned, while great differences remain in the details of these structures, 

even though the Ehringsdorf premolar germ is in exactly the same stage of ontogenetic development as the one or 

Sinanthropus. /This example may be sufficient to demonstrate again the fact how much more primitive the teeth 

of Sinanthropus are than those of any of the Neanderthal group. Even the famous Taubach tooth (fig. 153) which 

was at first considered to be rather chimpanzee-like by Nehring (1895) does not reveal, as has been shown above, any 

of the specific primitive features which may suggest its independent differentiation from the other representatives 

of the Neanderthal group. When comparing the teeth of the Ehringsdorf child with those of the mandibles of Spy 

or Heidelberg, it will become apparent that the same variability which characterizes the Sinanthropus dentition also 

occurs in the dentition of the Neanderthal group. The only difference is that in the latter the range of variations has 

already extended into that of recent man, while in Sinanthropus it does not even reach the lower boundary of the latter, 

with the exception of the lower incisors. That these eeth retained their almost unchanged character in the entire 

course of evolution of man may be explained by the fact that the variation in the character of lower incisors within 
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the entire anthropoid group is rather small, their general appearance, at least, being almost identical in great apes and 
hominids. . :.»c. ci*.:; • .4 *,» 

As has been proven by the Sinanthropus dentition, every statement made in regard to the teeth of the 
Neanderthal group, for instance of the Heidelberg mandible, as being typical representatives of very early hominids 
is incorrect. Hominids, within the preceding stage of evolution to the Neanderthal group, approach the anthropoid 
group so closely in the general appearance as well as in details of their teeth that such differences as may exist between 
them are entirely of secondary nature when the dentition as a whole is compared with that of other primate groups. 
The view that the simplicity of tooth morphology in recent man and partly also within the Neanderthal group, in 
contrast to the morphology of the anthropoid teeth, must be considered a really original primate character, proves to 
be a legend. 

The position to be attributed to the Sinanthropus dentition within the system of the primate group resulted from 
the general and special characters of the individual tooth types. The description of these types and their comparison 
with those of anthropoids at the beginning of this study incontestably prove that the frequent claim of fundamental 
differences existing between the dentition of hominids and anthropoids has no foundation whatever, and the claim could 
only be made before the discovery of Sinanthropus when really primitive hominid remains had not been available for 
comparative study. Adloff (1908-1937), an ardent supporter of the hypothesis on the complete independence of 
hominids, considers all features in which the hominid teeth resemble those of anthropoids not as real anthropoid or 
"pithecoid'* characters but as such which should be peculiar to all primitive primates and, therefore, retained to a 
certain extent in anthropoids also. This view is entirely erroneous. For there is no specimen of the living stock of 
primates nor of the fossil primate remains known hitherto which would resemble the primitive hominids as represented 
by Sinanthropus in dentition as closely as the fossil or recent anthropoids. It is irrelevant whether prosimians or 
Platyrrhinae or the various forms of Catarrhinae, including Hylobatidae, are used for comparison, for in each case the 
special appearance of the Sinanthropus teeth will show the essential characteristics of the anthropoid teeth. For details 
the reader is referred to the extensive description contained in the preceding chapters. It may be sufficient to point out 
again to the lower premolars, especially the second one, and the first lower molar as the most characteristic molar type. 
The first lower molar of Sinanthropus in its typical form (cf. fig. 165) has the following features in common with the 
anthropoids: 
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1. the second molar is slightly larger than the first one (Diagr. I). 
2. the length is greater than the breadth (fig. 165). 
3 . the trigonid is broader than the talonid (fig. 165). 
4 . there are six distinct cusps (fig. 165). 

5. the metaconid is the largest cusp and longer than the protoconid and the hypoconid is smaller than the mesocomd 

(fig. 165). 
6. the cusps are arranged in such a way that three of them occupy the buccal moiety and three the lingual (fig. 165). 
7. there is a distinct Dryopi'hecus pattern (fig. 165). . 
8. there are typical wrinkles in a characteristic location and arrangement (see all figures illustrating unworn molars). 
9. a cingulum and even indications of stylar cusps are retained oh the buccal surafce (figs. 140 and 148). 

10. the enamel descends lower on the buccal than on the lingual side (figs. 139 and 142). 
11. both branches of the root are straight and divergent (fig. 142). 

12. the mesial branch of the root is lower and narrower than the distal branch and its apex is subdivided into two. 

portions (fig. 142). ***«•" 

All these twelve peculiarities of Sinanthropus molars are also more or less pronounced in those of anthropoids 

but not in any other primate group in such a combination. W.*n 
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•* As "to the second lower premolar which has been discussed in great detail above it mav b fl" * 
its surprising similarity not to an imaginary primate form but to the premolar of the great apes esoe ' I I | L° ' . ' 
panzee and orang (compare fig. 97 with figs. 102 and 108). • , m -

That which applies to this premolar and to the lower molars also holds good for the other teeth A 
excellent example showing how close the relationship really is between Sinanthropus and the anthropoid ' ° " 
by the upper central incisors; the differentiation of their lingual surfaces bears exactly the same character ' ,.5C 

(compare figs. 3 and 4 with figs. 14, 15 and 17) but will not be observed in such special manner in anv oth*r •Ca$e$ 

y uincr primate 
group. ^ . i••*•• • 

• Of course, certain differences may be found to exist in all teeth; yet the differences between Sinanthrop 

on one side and the anthropoids on the other are not greater than those which exist between the various c t 

the anthropoids themselves. It is a constantly repeated habit, when debating the relations between the hominids and 
the great apes, to regard the latter as a kind of morphological unity, for instance, when speaking of "the" canines or 
"the" first lower premolars of anthropoids. Such an expression implies that these teeth exhibit exactly the same 
appearance throughout the different representatives of this primate group. Nothing is further removed from the 
actual condition than such a viewpoint. With respect to the canines, it is generally known that those of female 
individuals are considerably smaller, that is to say, lower and. less robust than those of males. The general character 
of the anthropoid canines when compared with those of the hominids may be determined just as well on the basis of 
a female tooth as on that of a male. Earlier herein attention was called to the fact unknown hitherto, that the lower 
canine of the fossil orang from the Yunnan cave (fig. 61) in its general appearance approaches the upper canine of 
Sinanthropus (figs. 38 and 39) so closely that most of the differences are almost obscure. The first lower molar which 
commonly is a pure sectorial type in anthropoids may even in recent apes, especially in the chimpanzee (cf. fig. 81) 
occasionally adopt the form of a non-sectorial type, thus lessening the differences from Sinanthropus (fig. 79) to a 
minimum. , 

Even admitting that those cases as the one of the chimpanzee premolar are rather rare, their occurrence 
alone proves that the common form merely represents the fixation of an extreme variation in the direction toward a 
sectorial type which had not been peculiar to anthropoids originally. The conditions of the canine of the fossil 
orang support this conception as far as the canines are concerned. On the other hand the considerable reduction in 
size of crown and root which both upper and lower canines of Sinanthropus have already undergone in a preceding 
stage of evolu ion (cf. chapters on canines and premolars) makes it evident that the size of the canines of the fore
runners of Sinanthropus cannot have been too different from the anthropoid type represented by the female fossil orang. 

Thus, even such teeth of Sinanthropus which show considerable divergency from the common anthropoid type 
will reveal their relationship to the latter. The simplest explanation given above is to assume that anthropoids, in respect 
to the tusk-like character of their canines and the sectorial type of the first lower premolar, have undergone a speci
alisation exaggerating their primary conditions, whereas they have become gradually diminished in hominids. Ihis 
divergence, however, cannot be used as proof against a direct relationship between anthropoids and hominids, since 
it only involves the canine and the first premolar. The conformity between the primary hominid and anthropoid 
types, as may be deduced from the appearance of the two examples just described, in any case seems to be mucn 
more pronounced than that between the corresponding teeth of Sinanthropus and any other primate groups. It is 
true, certain primates are provided with relatively small canines but the smallness alone is not a decisive factor. 
Parapithccus, for instance, which is considered as the most primitive catarrhine and anthropoid type known hitherto, 
the lower canine is lower than the lateral incisor but considerably higher than the first premolar. Despite this primi
tive character, however, the Parapithccus canine differs in its entire appearance from the Sinanthropus canines much 
more than the latter from the canines of anthropoids, especially from that of the fossil orang mentioned above. The 
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attempt, therefore, in pronouncing the hominid canine fundamentally different from those of the anthropoids is frus
trated by the very fact that no primitive canines are known to approximate hominid canines as those of the anthropoids, 
at least as far as their more generalized types are concerned. 

Neither has the first premolar of Sinan//iropus, even though it does not represent a sectorial type, a special 
Resemblance to the first premolar of Parapithecus, and the same is true of the second premolar. The latter tooth, 
as it is represented in Sinanthropus, already exhibits a considerably advanced degree of molarization, so that the 
differences between the Sinanthropus premolar and that of Dryopithccus are minimal, while the corresponding tooth of 
Parapithecus yields an entirely different aspect. As was correctly emphasized by Mollison (1924), caninization of 
the first and molarization of the second premolar which differentiate the two premolars within the group of the later 
Catarrhinae so strongly had not yet set in in Parapithecus. Such a primitiveness is also revealed by the robustness 
of the teeth of the lower dentition of Parapithecus (Diagr. 49), the canine together with the first premolar being 
weaker than the second premolar, a condition which is also characteristic for hominids (cf. Diagr. 5). Apart from this, 
Sinanthropus approaches the anthropoids incomparably closer than any primitive fossil or recent primate. 

When judging only by the nature of the dentition • and its similarity or dissimilarity with other primates 
Sinanthropus must, undoubtedly, be ranged within the group of anthropoids. The question which arises in this 
connection concerns only the special place to be attributed to him. Since Huxley** time chimpanzee is considered 
that species which displays the closest affinity to man with reference to its general external appearance and to the 
peculiar character of all the body parts. For the dentition, however, this only holds good to a certain degree. It 
has been possible to demonstrate with reference to the first and second lower premolars that those of the chimpanzee 
reveal the same character. But in other teeth the conditions are quite different. The canines and upper molars of 
Sinanthropus rather resemble those of the fossil orang. The lower molars and the upper incisors exhibit certain features 
which are most pronounced in the gorilla. On the other hand, with reference to the relation of robustness between 
the front teeth and the molar, the chimpanzee differs from Sinanthropus in principle, while the gorilla shows the same 
conditions (cf. Diagr. 40-43). Thus, these facts leave no other choice but to admit that Sinanthwpus as repre
sentative of primitive hominids occupies a proper position within the anthropoid group. 

The probable nature of the relation between Sinanthropus and Dryopithccus has already been discussed above. 
Gregory (1922) and O. Abel (1928) both consider Dryopithccus not only a direct forerunner of the gorilla and perhaps 
of the chimpanzee stock, but also an ancestor of the hominids. I fail to agree with such a viewpoint. I doubt that 
all fossil material which has been combined under the name Dryopithccus really represents a morphologically and 
phylogenetically homogeneous anthropoid type. For such Dryopithccus specimens of which mandibles with canines and 
the first premolar are preserved must certainly be excluded from the ancestry of hominids. Both these teeth in, all 
cases already display the characteristic differentiation of the tusk-like appearance of the canine and the sectorial type 
of the premolar. To trace Sinanthropus back to Dryopithccus would suggest that the former had passed a stage 
in which he had been equipped with a typical tusk-like canine and a sectorial type of the first premolar and that both 
features had completely been lost again. It seems to me that the other explanation I offered in connection with the 
canine problem to be the more probable one. Anthropoids in an early stage of evolution may have been provided 
with canines stronger and higher than those of Sinanthropus but in general appearance they could not have been too fat 
removed from those of the latter. The same was probably true of the premolar in so far as a non-scctorial type 
existed in this case. In Sinanthropus and hominids this primary type has undergone a partial reduction, while in 
anthropoids, including Dryopithccus, both these teeth become differentiated in a special manner. In this respect one 
fact is of great interest. While in Parapithecus no essential difference in appearance of the first and second lower 
premolar can be recognized, there is a great difference between these teeth not only in the case of typical anthropoids 
with a specialisation of the first premolar toward the formation of a sectorial type, but also in those cases as represented 
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by Sinanthropus, where the latter type did not occur. 'A comparison of figure 79 with figure 97 shows that b h 

Sinanthropus teeth differ in the special pattern of their .chewing surfaces in about the same degree and dire ^ ° 

the corresponding teeth of the chimpanzees of figures 81 and 102. This peculiarity certainly cannot be i n t e r " ^ 

as a general primitive primate character but as one which indicates that its belongs to a higher group with the ahead 

acquired tendency to develop the two premolars in different directions. This condition is the same in typical anthropoid 

with the only difference that the first premolar becomes a sectorial type. 

Thus, it is evident that the anthropoids divided into two branches. One of them being characterized by art 

exaggerated tusk-like development of the canine combined with a sectorial type of the first premolar as represented 

by Dryoptihecus, its relatives and their descendants; it includes all anthropoids with a strongly heteromorphic canine group. 

The other is defined by a less advanced differentiation of the three members of the canine group and includes the 

anthropoids with a more homomorphic canine group. This group includes Sinanthropus, other hominids and Austra

lopithecus. As to the relation between Dryopithecus, other anthropoids and hominids, I agree, therefore with 

Osborn (1928) who assumes that the general stem of the Anthropoidea divides into two main branches, with cne leading 

to the hominids and the other to the anthropoids proper.. t 

Repeated reference was made earlier herein to the dentition of Australopithecus ajricanus Dart, including 

discussions of the close relationship between Australopithecus and Sinanthropus. It may be stated again that the first 

upper permanent molar of Australopithecus (fig. 115) corresponds to that of Sinanthropus (fig. 113) not only with respect 

to the general shape and pattern of the chewing surface but also to such details as the connection of the metacone with 

the distal portion of the protocone. The general conformity in the first lower permanent molar (figs. 156, 165, o) is 

obvious, though the pattern of Australopithecus is less complicated and certain primitive features such as the differentiation 

of the cingulum are more pronounced here. The great similarity between Australopithecus and Sinanthropus may also be 

observed in the deciduous dentition. As has been shown, the relative breadth of the first and second molars of 

Australopithecus (fig. 201) is of no significance since Sinanthropus (and chimpanzee) also exhibits a considerable variation 

in this feature (cf. figs. 194, o and 199 mi). Of importance, however, is the entire pattern of these molars, and 

especially the persistence of details of the trigonid (fig. 201). The relationship in size between the front teeth and 

molars (Diagr. 48) is also approximately the same as in Sinanthropus. 

Both Adloff (1932) and Dart (1934) emphasize the hominid-like character of the Australopithecus dentition. 

Their conception is based upon the comparison of the Australopithecus teeth with those of recent man and those within 

the Neanderthal group. It receives additional and stronger support by the facts revealed by the dentition of Sinanthropus. 

W . Abel's (1931) conclusion that the peculiarities of the Australopithecus dentition must be considered as specializations 

was made without-knowledge of the Sinanthropus material. It shows that most of the structural peculiarities, which 

he considered as specializations, in reality represent primitive hominid characters lost in the course of human evolution. 

Although Abel ranges Australopithecus within the anthropoid group, yet he admits that this ape had never undergone 

as high a degree of specialization as recent gorilla with its strong development of the canines. Thus, Abel's classi

fication of Australopithecus is not too far removed from my own; it diverges only in the judgement of .the relationship 

between Australopithecus and the hominids. 

canine must 

of the robustness of the upper 

'$**£. >W$y v :>•?>• 

T h e recent discovery of an additional facial fragment of an adult A vstralopilhecu, briefly descnbed by Broom 

(1936 a, b) makes evident the hominid-like nature of the dentition of this anthropoid. Dr. Broom very kindly p ace 

a cast of the fragment of the right maxilla at my disposal. The most important fact to be observed ,s that the UPP 

have been relatively small and the incisors large, the socket, of which only are preserved. If a ca cu 

nes, of the upper front teeth of AuslratopUhccus on the basis of their outlines of Broom , figure I ( l * W . ^ ; 
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is correct, then it may be stated that the canine is not much stronger than the central incisor and weaker than the first 
premolar, In such case .dusrra/oprt/iecus would approach closer to recent man than Sinanthropus who in this respect 
is nearer to the great apes. Accordingly, there is no diastema between canine and lateral incisors both of which are 
in contact and thus similar to the condition in hominids. On the other hand, it is remarkable that the premolars and 
molars, as far as the size and form are concerned—the attrition unfortunately is too advanced to permit judgement of 
the specific details—reveal a gorilla-like appearance. This is especially true of the relation in size between first 
and second molar and between premolars and molars, the second molar being much larger than the first one and the 
premolars relatively stout against the first molar. 

E. Schwarz (1936), in a brief note, reviewing Broom's articles (1936 a, b), claims that Australopithecus has no 
hominid character and thus must be considered a pygmy gorilla. Schwarz merely referred to the skull and teeth with 
no mention of the details of the special features of the dentition of Dart's specimen. As has been demonstrated above, 
there can be no doubt but that these features resemble much more those of Sinanthropus, in other words, of hominids, 
than any gorilla. I doubt whether the front teeth of Broom's adult specimen can be satisfactorily explained on the 
basis of a hypothetical pygmy gorilla. Even W. Abel hesitated to define Australopithecus as representing a genuine 
gorilla type. It is certain that AustralopUhecus was not a gorilla and thus does not fall within the range of Dryopithecus 
—recent anthropoids. On the other hand, there is not the slightest doubt that Australopithecus does not represent a 
genuine hominid ("echter Hpminide") as was claimed by Adloff (1931). It seems strange that Adloff, who believes 
that the dentition of anthropoids differs fundamentally from that of hominids, should at the same time consider 
Australopithecus with such numerous ape-like peculiarities as regards brain case, face, mandible and dentition a hominid. 
The only acceptable reason for classifying Australopithecus within the system of higher primates is, as suggested above, 
that we are dealing with a primate type with a general anthropoid character but at the same time with a surprisingly 
hominid-like dentition. Such a classification would imply that Australopithecus together with hominids belongs to that 
branch of anthropoids which is characterized by a more homomorphic canine group, in contrast to the other branch 
represented by Dryopithecus and its recent descendants, being provided with a strong hetermorphic canine group. 
This is in complete accord with Gregory's view contained in a publication quoted by Broom (1937). Gregory, in 
judging the dentition of Australopithecus, states: "If Australopithecus is not literally a missing link between the 
older dryopithecoid group and primitive man, what conceivable combination of ape and human characters would 
ever be admitted as such?" This viewpoint does not deviate too greatly from that held by Keith (1931) who, 
considers Australopithecus as a "cousin form" of the chimpanzee and gorilla but with an "approach to the human state, i 
In addition he says: "It was certainly more human in its characterization than either gorilla or chimpanzee." Since 
in the meantime we have gained definite knowledge of the existence of a primitive hominid—Sinanthropus—who 
approaches the gorilla and chimpanzee stock much closer than any other hominid form known hitherto, the relationship 
of Australopithecus to man seems to become also that of a "cousin form . 

The literature contains numerous statements as to the primitive character of the human dentition. As has 
been pointed out repeatedly, the term primitive character in this case implies such peculiarities as characterize recent 
man in contrast to those of the anthropoids and which consist mainly of a simplicity of the entire tooth pattern. The 
dentition of Sinanthropus incontestably proves that the above understanding is erroneous, and that the simplicity has 
been secondarily acquired in the course of human evolution. The teeth of genuine primitive hominids are at least as 
complicated as those of the anthropoids. Thus, if we seek for primitive characters in the hominid dentition, we must 
take the dentition of Sinanthropus as prototype and not that of recent man. The expression primitive in this case 
would mean nothing else but more generalized and less specialized types when compared with anthropoids Earlier 
herein it has been shown that the entire canine group of Sinanthropus corresponds to this interpretation. In describing 
the special pattern of the upper and lower molars attention was^drawn to the fact that the configuration of the tngon and 
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trigonid areas in Sinanthropus, without crest-1 ike mesial connections between the paracone and th 

and mctaconid, has a more primitive appearance than the development of tl 
e protocone or prptoconid 

., , , , • • C CrcStS a s 8 e e n w i l n i n ^ e group of 
Dryopiihecus and descendants. As primitive must be regarded also the peculiar form of the lower ca i f 
Sinanthropus, its resemblance to the incisors by having a cutting edge, and its dissimilarity to the upper canine * 
similar conditions—at least in principle—may still be found to occur in prosimians of todav. Primitive a i . ' 1* 

r i • i L * L I I i ' t ' t r i . . I , IUYC a , s o a re the 
rise of the cingulum to a higher level on the mesial side of the respective teeth than on the distal side, the differentiation 
of the cingulum and the stylar cusps and the curving of the crown of the lower canine d'stally. These pcculiarit* 

however, may also occur to a certain extent in anthropoids. Another phenomenon belonging to the same categor ' 

though misinterpreted rather frequently, is the reduction of the third upper molar. lb irregularity as well as it' 

smallness in relation to the size of the other molars and its tendency to reduce the distal cusps are not at all peculiariti 

of the dentition of recent man as commonly assumed, but may be found to occur in the same manner in Sinanthropus 

in recent anthropoids, in fossil orang, in gibbon, in certain other orders of Catarrhinae, Platyrrhinae and in particular 

in prosimians. This means that we are dealing with a general primate character and, therefore, cannot consider the 

reduction to be a regressive or even a "degenerative** process characterizing human evolution. It is of interst to note 

that in Catarrhinae, with a strongly developed muzzle like the baboons or macaques, the third upper molar exceeds 

not only the always small first molar in size but even the large second molar. The conditions are quite different with 

regard to the third lower molar. This tooth in Sinanthropus is smaller than the other molars but not at all in the 

same proportion as the third upper molar. The reduction it has undergone in recent man is stronger than in Sinanthropus 

but in proportion not greater than in other teeth of the lower dentition. Within numerous primate groups anthropoids, 

Dryopiihecus (Gregory and Hellman, 1936) and gorilla (Diagr.'43)—the third lower molar is considerably larger than 

the second one but not so in orang or chimpanzee (Diagr. 41). As to what extent this may be considered a primitive 

feature in Sinanthropus I do not venture to decide. The fact that in Sinanthropus, as in Neanderthal man, the second 

lower molar erupts before the deciduous dentition is replaced by the permanent one, apparently must be considered 

as a primitive feature. But this peculiarity Sinanthropus also shares with the anthropoids. 

The deciduous dentition is of particular interest. ' The most striking phenomenon is the first molar of Sinanthropus 

which represents, as has been described in detail above (cf. figs. 194, 343 and 344), a really primitive pattern with 

the entire trigonid and its differentiations preserved. The appearance of this molar thus resembles the conditions of the 

permanent molars of Eocene Tarsioids. As much as can be judged from the only and rather worn tooth of Dryopiihecus, 

this pattern here has already become simplified, a condition which is all the more pronounced in recent anthropoids. 

The second milk molar of Sinanthropus (fig. 202) displays similar primitive structures and the same is true for the 

canine (figs. 188, 190, 191). In addition, the order of eruption of the milk teeth with the canine appearing as the last 

tooth must also be taken as a primitive character. Leche (1915) ascertained that the deciduous dentition of all 

mammals resembres geologically earlier forms with respect to important • details to a much higher degree than the 

permanent dentition. The primitiveness displayed in the case of Sinanthropus certainly indicates that it represents, 

when compared with the Dryopiihecus group of anthropoids, a less differentiated and, therefore, more primitive stage. 

T h e deciduous dentition does not reveal more than that which could already be deduced from the differentiation of the 

canine group of the permanent dentition, namely that Sinanthropus and the hominids retained primary anthropoid char

acters which were partly lost within the Dryopiihecus group. The fact that Australopithecus also ranges with the 

hominid group, in regard to its deciduous dentition, has been discussed above. :^.v y£ 
, • • * : * * * « • 
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All these facts combined lead to the 8ame conclusion that hominids and the Dryopilhecu, group represent 

branches from one and the same special primate stem. This common stem as far as the dentition. « e concern . 

must, undoubtedly, have been represented by an anthropoid form. For the general appearance as we I as the P 

features of th* dentition .are such which prevail in present-day anthropoids. There is only one essential except.on 
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that concerns the differentiation of jhe canine group. The variation of the latter occurring in recent anthropoids, 
however, proves that the primary conditions are as yet not entirely obliterated. Thus, it may be stated that recent 
anthropoids retained their original main characteristics, while these have been lost in the course of human evolution. 
The dentition of recent man represents merely a rather faint copy of its primary nature. Due to this simple fact, 
attempts to consider in general the human peculiarities deduced from their appearance in recent man as being of primary 
character and those of anthropoids as secondary acquisitions met with complete failure. Man is a descendant of an 
anthropoid stock. 

•,-Ljt. *.i 

Although the nature of the dentition plays an essential part in the judgement of the zoological classification 
of a given form, yet a correct definition can only be made with the aid of the other parts of the body. As regards 
Sinanthropus, there is no doubt that such parts as are available point to the same direction as the dentition. The 
new discoveries recently described in preliminary publications (1937 b, c) confirm that Sinanthropus, in respect to 
special form of his brain case, his endocranial conditions and capacity, and the facial skeleton, is a representative of a 
very primitive hominid type which approaches the suggested anthropoid basic type much closer than any other hominid 
known hitherto. The maxilla recovered recently and briefly described above (fig. 345) completes the picture. Hence, 
it is evident that the course of phylogenetic evolution, when traced back from the stage of recent man, gradually leads to 
an ancestor with an ape-like appearance. Boule (1937) in his valuable contribution to the problem regarding Sinanthropus 
comes to the conclusion, chiefly based on the earlier findings, that Sinanthropus must be considered a direct forerunner 
of recent man but on account of his primitiveness should be distinguished from other hominids, that is to say, 
Neanderthal mam, and classified as "prehominien." However, Boule himself admits that it is not possible to trace a 
boundary between *'prehominiens" and hominids. Hence, the attribution remains a pure matter of form, and the special 
labelling of Sinanthropus is more or less irrelevant. The essential point of Boule's judgement is acknowledging 
Sinanthropus as representing a direct ancestor of recent man, of a special type and of a much more primitive character 
than any member of the Neanderthal group. The peculiarities of the Sinanthropus dentition fortify this statement 
against any possible argument. 

Not less important than the establishment of the correct position of Sinanthropus within the line of evolution 
is the fact that the variation of the different Sinanthropus individuals had already advanced in the direction or 
Neanderthal and even recent man. I was able to demonstrate this phenomenon in connection with the mandible 
(1936 b) which, to mention only one of the details, shows typically human mental spines together with a pithecoid-
like location of the digastric fossa and the absence of a chin. Such a tendency of the variation has been furthermore 
confirmed by the discovery of the adult male Sinanthropus Skull I, the height and capacity of which considerably exceed 
the measurements of the other skulls, and finally the dentition described herein has supplied additional evidence in 
support of the peculiarity in question. Such combinations of progressive and regressive features may be found to 
occur in one and the same individual as has been shown above. These facts which are not confined to Sinanthropus 
only occasionally may render difficult the correct definition of fossil hominid remains and the judgement of the true 
nature of a given type. Apparently Davidson Black (1929) had also been deceived by such an unexpected particularity 
when he stated that there should be a discrepancy between the dentition and the mandible of Sinanthropus. He goes 
on to say: "In adult Sinanthropus the architecture of the jaw appears to be much less hominid than that of the teeth 
which it supports . . . . It can no longer be doubted that distinctive hominid teeth characters were evolved in the human 
family long before the architecture of the supporting jaw lost its anthropoid form." At the time Davidson Black 
wrote these sentences (1929) only two mandible fragments and approximately 12 teeth had been recovered. My study 
on the mandibles as well as this one on the dentition prove that Black's conception of the Sinanthropus teeth cannot be 
maintained. Exactly the reverse condition exists: the general character of the teeth is so primitive that I do not 
hesitate to proclaim them as being of really anthropoid nature. 

OT^ftWitf**?'? -VJ'r. >Y, 
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VII. THE COURSE OF EVOLUTION WITHIN THE DENTITION AS 

A WHOLE AND ITS DETERMINING FACTORS ££-

The preceding discussion has made evident that the dentitioi of the hominids, with Smanthropus occupying 
the position as the most primitive hominid known hitherto, has undergone a gradual and yet progressive reduction. 
The size of the crowns and particularly of the roots decreased considerably and produced therewith a characteristic 
change in the proportions of the teeth. Simultaneously and to the same extent the pattern has become simplified 
so that the original highly complicated character of the buccal, lingual and chewing surface have been replaced by those 
which are surprisingly smooth and plain. The alveolar parts and the entire lower and upper jaws have accordingly 
become less robust. In consequence thereof the incurvationes mandibular and maxillae anteriores are developed and 
in connection therewith the chin and the anterior nasal spine are formed.' Both the upper and lower jaws have be
come shortened, and the original dental arcade, narrow and projecting, is replaced by a wide and flat arch. 

The transformation of the entire facial skeleton is associated with the development of the brain case but in 
reverse directions. The brain case tends to enlarge and to seize more and more, so to say, the region occupied 
by the facial skeleton. The latter loses its dominant position and finally appears as a relatively insignificant 
appendix to the now dominant brain case. Hence, the reduction and transformation of the dentition is a part of and 
a correlative reaction in the process of alteration affecting the entire skull. Apparently the enlargement of the brain 
case, that is to say, the increase in brain size, must be considered as the most conspicuous character of such an altera
tion. The fact that we are dealing with a correlative process is a further argument against the idea that the simplicity 
of the teeth of recent man is of original nature. 

The literature on human dentition contains a multitude of statements and suppositions in respect to the influence 
of food upon the structural particularities of teeth. This is easily understood since zoology and palaeontology have 
furnished a great number of evidences to show such a close relationship between the forms of teeth and the nature 
of food within the entire animal kingdom. Although this fact cannot be doubted, the question remains open as to 

. whether one kind of food or a change of it thereafter may actually and directly cause a corresponding alteration in 
the character of teeth or whether such adaptations as exist depend upon other factors. I have no intentions of 
entering into discussion of this extensive problem, but since the alterations in the character of the teeth leading from 
the Smanthropus phase to that of recent man are so striking, it suggests itself to seek for the fundamental causes of 
such transformations. 

Is it possible that a change of food is capable of producing such complete transformations in the size, shape 
and pattern of the hominid teeth as suggested by Cope (1889), Gregory (1916) and Dart (1934)? It has been 
explained that changes within the dentition constitute merely a part in the transformations affecting the entire skull. 
The jaw, the facial skeleton and the brain case are concurrently transformed. This implies that any change in the 
character of the dentition is not, in the least, confined to teeth only. Anyone believing that a change of food may 
produce a specific structural alteration in a tooth must also admit than it is capable of affecting the brain case or 
of increasing the brain volume. Such a conception is all the more unlikely because it is based upon the assumption 
that the food has a mechanical effect on teeth.. 

Moreover, living' primates exhibit a great variation in the appearance of their dentition. The pattern o 
each tooth is so characterisitic for the respective type of primate that one single tooth is sufficient for a correc 
definition. As far as wc know, the same is true for the extinct representatives within this order. Each of t e 
three living anthropoid genera has its specific tooth pattern. But all primates have the same food habits, chiefly 
composed of fruit, insects, small birds, eggs, shoots, leaves and roots% Thus, it is impossible that the type of food 

\ 
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has anything to dp, with the special character of the tooth pattern. In contrast to the anthropoids the diet of hominids 
is largely composed of meat. This is the only change in food habits within the primate order. Can it be a responsible 
factor for the transformation of the teeth? We do not know the condition of the dentition of the forerunner of 
Sinanthropus, though it may be supposed that the anthropoid character had been more pronounced in the former. 
Neither are we able to define the time at which hominids changed to a meat diet. We do know, however, that 
hominids have retained their food habits from the stage of Sinanthropus to that of present mankind. The believe 
held by some people that the chewing of raw or cooked meat requires greater strength in the teeth than the peeling or 
chewing of fruit and roots, is entirely contradicted by the fact that with the change from the original fruit and root diet 
to a diet composed largely of meat there has been a decreas in the size and robustness of the human dentition and jaws 
when compared with anthropoids. Exactly the reverse reaction may be expected. Therefore, there is not the slightest 
indication that the characteristic transformation of the teeth within the course of evolution of hominids may be explained 
as being an adaptation to or a consequence of the meat diet. 

The possibility of making the cooking of food responsible is likewise remote because the particularities of the 
dentition characterizing recent man, as different from those of his ancestors, are peculiar to his representatives of all times 
and places. This understanding implies that they are as peculiar to palaeolithic man as to such modern races like 
the Eskimo who live largely on raw meat or fish. The food habits may influence the attrition but not the size, 
form or pattern of the teeth. 

An excellent example in this respect are the wrinkles and, to a certain degree, also the size, number and 
arrangement of the cusps. As has been shown in the preceding pages the wrinkles represent a very characteristic 
feature of the anthropoid dentition, including the hominids. Their general arrangement is the same within all groups 
but differs in a specific manner within each individual group. On the other hand they cannot be of any functional 
value, for they disappear almost completely on account of attrition shortly after the eruption of the tooth. For 
example, in the case of the Sinanthropus mandible F I (fig. 286) the first molar fails to exhibit any wrinkles, 
though the second molar is just erupting. Therefore, the wrinkles can scarcely be functioning, if it is permissible to use 
this term, longer than one half of a year or one year. Notwithstanding this fact they have been found preserved even 
in recent man occasionally. The same is true to a certain extent in regard to the cusps. Therefore, the belief that 
the type of food could directly influence the transformation of the teeth and their special patterns does not stand firm 
against a close scrutiny. Neither can the alterations of the teeth be considered a consequence of chance variations and 
their subsequent adjustment by selection. If we look through all the variations occurring within the dentition from 
the stage of Sinanthropus up to that of recent man, there is not a single one which could be interpreted as representing a 
genuine chance variation. All variations exhibit the same major character determined by the tendency of the general 
course of human evolution, namely to reduce the size of the teeth and to simplify their patterns. It is of considerable 
significance that, as stated above, even in the stage of Sinanthropus teeth with that pattern of advanced development 
appear in addition to those which still retain their primitive features; and that both types may occur in the same individual. 
Nothing demonstrates more clearly than this fact of the actual existence of a kind of general "working-plan", if it is 
allowed to make use of such an ambiguous term. There is no room for chance variations within such a "plan.* 
If variations should really occur, they must be confined to such alterations which are without significance to the course 
of evolution. The numerous variations occurring in the third lower molar may represent such cases. 

On the other hand it is evident that not one of the reported variations is of selective value. This fact cannot 
be doubted as far as the details of the tooth pattern, such as the wrinkles or cusps or cingulum differentiations, are 
concerned. Since the wrinkles and cusps constitute rather transient structures, their presence or absence or the special 
kind of formation cannot be of any value for the purpose of preserving the species. Whether there are 6 or 5 or 4 
cusps in the lower molars or whether they are arranged in the Dryopilhccus or plus pattern certainly is not of great 
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significance in the struggle for life. But the tendency to reduce the number of cusps and to shorten the distal portion 
of the molars is undoubtedly in line with the general direction taken by evolution, since it merely represents a part of 
the shortening of the mandible and the entire facial skeleton. . .* . t.. \ - c ,.*»>.• 

•v~ • Human evolution, as presented by the dentition, is a typical example of an orthogenetic evolution. The 
impelling force is contained in the enlargement of the brain." This enlargement apparently stands in direct relation to 
the upright posture, the adaptation of which must be considered as the most decisive step taken in the evolution of 
primates leading to man. ; / • .": r ' ~ * r^V'-

| ^ 3 | ^ S i 3 £ f t | v VIM, LESIONS WITHIN THE DENTITION |S1^S l |S f tS . J 
Regarded from the biological point of view, there is no reason to consider the reduction affecting the dentition 

as a degenerative process. That even the special character of the third molars cannot be placed under this heading 
has been shown above. The reduction of the entire apparatus of mastication and the structural alterations therein 
must be taken as mere expressions of specialisation or differentiation which combine to provide for the brain a more 
dominant place in the body. The same is even true for the appearance of new features conditioned by that process 
(for example the development of the chin). It is known that many organs in which phylogenetic evolution evolves, 
decisive alterations are predisposed to injurious affections. The increasing weakening of the crown and roots may 
explain the reason why the teeth of recent man show such a high degree of decay, whereas the teeth of fossil 
hominids seem, with a few exceptions, to be immune to it. Both Lenhossek (1919) and Vallois (1934 b) affirmed 
that indisputable cases of caries could not be ascertained in teeth of any of the representatives within the Neanderthal 
group. Nevertheless, two doubtful cases are known to exist, one concerns the man of La Chapelle-aux-Saints, the 
other the Rhodesian man. In the first individual all molars are missing and the alveolar process of the respective 
parts of the jaw is markedly atrophic. There are, in addition, distinct indications of a purulent process affecting the 
alveolar process around the roots of the right lower incisors, canine and premolars. Choquet (1912) does not believe 
that such atrophy and alveolar pyorrhea have to be regarded as the sequel of caries but rather of gout which he described 
as alveolo-dental polyarthritis. I doubt the correctness of such a diagnosis. The formation of fistulae resulting from 
alveolar pyorrhea is not infrequently observed in anthropoids. I have noted certain cases in gorilla and orang skulls 
which have never been in captivity. The pyorrhea itself may have been a consequence of certain lesions. I he 
adult mandible of Ehringsdorf displays appreciable alterations of the alveolar process which H . Virchow (1920) 
considers to be due to chronic alveolar pyorrhea. It is also possible that in this case a lesion in the teeth might have 
caused the changes. In my opinion the loss of the molars in the case of La Chapel le-aux-Saints could be due to 
caries, for the upper teeth of the Rhodesia man demonstrate the actual occurrence of caries to a devastating extent 
(Carter, 1928). 

As regards Sinanthropus, neither teeth nor jaws reveal any pathological changes which may indicate wit 
certainty the occurrence of caries or the existence of alveolar pyorrhea. The illustrations demonstrate that the attrition 
can reach such extensiveness as to leave the bases of the crowns only. The pulp cavity, however, has not been expos 
in any of the cases since the defect in crown is covered by a rather abundant formation of secondary dentine 
(figs. 127 P^M 1 and 142, o). The roots also fail to show any pathological conditions. The manner of fusion or better 
non-division of the branches of the roots, as has been shown above, in no instance deviates from the normal <*nd'!,°n* 
found in anthropoids or recent man. The formation of "prismatic roots" like in the Krapina molars (see above) has 
not been observed. 

The only abnormal phenomenon worthy of note is found in the left, probably first, lower molar (No. 
(fig. 142) and the second upper molar (No. 145') of Sinanthropus maxilla O I. No. 38 represents the small ypc 
(female). It was found isolated but most likely belongs to Individual J I. of whom we have a number of isolated tee 

KiJfy': 
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(cf. "Dental formulae"). This lower molar shows a strange indentation on its mesial and distal surfaces (fig, 142, m, </)., 
The indentations are located just below the lower boundary of the enamel and occupy the greatest part of the 
neck region. The distal indentation is deeper, narrower and shorter than the mesial one. Its length amounts to 
6.8 mm, its breadth to 1.6 mm at the widest part. The indentation which begins on the buccal surface (6) but 
does not reach the lingual border is deepest near the commencement and becomes shallower toward the other end. 
Its buccal moiety is smooth with its borders slightly elevated, while the area surrounding the lingual moiety is covered 
by a thin layer of tartar which continues to the neck region of the lingual surface itself. With the aid of a needle 
this layer of tartar could be easily removed, breaking into fine crystals and thus exposing the underlying dentine. 
It is interesting to note that the distal contact facet which partly forms the upper border of the indentation is so 
deep as to cause the enamel to be completely worn off within the entire lower part of the facet, even affecting the 
dentine. The mesial indentation shows similar conditions. Its length amounts to 7.3 mm, its width to approximately 
2.6 mm at its widest, and its depth to approximately 0.5 mm at its deepest. In contrast to the distal indentation, 
the greatest depth of the mesial one begins on the lingual surface, becoming shallower towards the buccal border without 
reaching it. The groove itself and the entire surrounding is smooth without traces of tartar. The mesial contact 
facet shows similar conditions and the same relation to the indentation as the distal one. 

The upper molar No. 145' shows a similar groove of about 1.5 mm breadth and 6.5 mm length which com
mences on the buccal surface. It does not course horizontally but ascends and then gradually flattens out. The 
indentation is rather smooth but exhibits a slight deposition of tartar below it. The preserved molar fails to show 
any depression on its corresponding mesial surface. Similar particularities have not been observed in any of the other 
Sinanlhropus teeth. The presence of tartar, however, is not infrequent and it always covers the neck of the molars. 
It is most pronounced in the first lower molar No. 147' and in the first upper molar No. 144' of maxilla O II. 

With reference to the interpretation of the indentations, it is significant that H . Martin (1923) described the 
occurrence of such grooves in the lower molars of the man of La Quina (cf. fig. 215, «). In the latter case the 
grooves occupy exactly the same side and place as in the molars of Sinanlhropus, and their general appearance is also 
similar. According to Martin the indentation of the left Mi is about 1 mm deep and 5 mm long. Both grooves are 
smooth and there is no indication of tartar or caries. The indentations are found in the first and second molar in situ 
on the surfaces facing each other. H. Martin reports that the same conditions exist in corresponding molars of the 
right side and within the same mandible. Siffre, a dentist, entrusted to make a special investigation, came to the 
conclusion (1911) that the indentations in question were lesions caused by the constant usage of toothpicks. He deduced 
his interpretation from the fact that the grooves occupy the region just above the gum and are located on the two sides 
opposite each other. In addition, he found that the grooves were deepest from the buccal entrance to the interstitial 
space and shallower towards the lingual side. Therefore, he is under the impression that such formation could only 
be caused by the frequent use of a thin and pointed implement to clear the substances lodged between the teeth. 
Siffre furthermore believes that such a condition had given rise to chronic gingivitis which resulted in the loss of 
the dentine substance. Martin accepts the interpretation and believes that the meat consumed by the Neanderthal man 
may have contained sinews, ligaments and aponeuroses and thus caused hard substances to be lodged within the 
interstices of the teeth. He believes that the toothpick used was in the form of a bone needle. 

I doubt the correctness of Siffre's and Martin's interpretations. The idea that Neanderthal man made regular 
use of toothpicks seems too grotesque to be true. Moreover, I have been unable to find in the literature and indication 
referring to the occurrence of lesions of the same kind and location as being due to the use of toothpicks among the 
civilized population of today. In addition, the indentations in Sinanlhropus show the same location and character 
as in the case of La Quina. But in one case.they are noted to occur on the mesial and distal sides of one tooth and 
in another case only on one side. Another factor against the hypothesis of the use of toothpicks is that the distal 



0) , 6 4 ' Pdaontologia Sinica Whole Scr. No. JOl 

indentation of one lower molar of Sinanthrdpus begins on the buccal surface, while the mesial groove begins on the 

lingual one. The latter case would imply that the implement had been introduced from the lingual side constantl 
a condition which seems rather improbable. Hence, the suggestion that Sinanthropus knew the usage of tooth ' V 

. • » • * • ' 
seems unfounded. 

Before looking for another explanation, it must be determined first whether the indentations are due to post
mortem manipulations of the tooth. There are two possibilities, the grooves may either represent marks made bv 
gnawing of rodents or carnivores or by some kind of manipulation by, Sinanthropus himself. The first possibility 
seems rather improbable because the location, the alternating direction and the entire character of the grooves do not 
seem to point towards an interpretation of their being marks made by gnawing. The second possibility that Sinanthropw 

attempted to remove the entire crown of the tooth with a file-like implement or to make an incision for the purpose of 
fastening the tooth also seems remote. The second alternative would in addition imply that the tooth had been used 
for ornamental purposes, and thus presume the, existence of an advanced culture, adequate evidence of which is 
entirely lacking. . .. 

At any rate, 1 do not believe that such indentations were made after death. For as described above, the 

lingual moiety of the distal groove of the lower molar and its surrounding is covered by a thin layer of tartar. Any 

manipulation of the tooth either on the part of animals or Sinanthropus would have caused the tartar concretion to 

break off.. The t indentations, therefore, must.be considered as a pathological condition of the tooth. 

The neck of the tooth in recent man is a common seat of the earliest indication of caries. The molars in 

figure 215 o and c represent specimens of recent man obtained from the dental clinic of the Peiping Union Medical 

College. Within the neck region of the two molars there is an oval pit on the distal or mesial side, respectively, 

which resembles the indentations observed in Sincnthropus. The pits in the teeth of recent man, however, are shorter 

and relatively deeper, that is to say, more confined in distribution. • There is no doubt that these pits were caused by 

caries. Although I failed to find a case quite analogical to the one of Sinanthropus in the limited material at my disposal, 

and moreover any references to the occurrence in the literature, I believe it possible that these grooves could have 

resulted from a localized gingivitis. The lower tooth in question is, as has been pointed out in the discussion of the 

lower molars, not only one of the most squarely shaped lower molars but also is distinguished in particular by the 

strong abrasion of the tooth substance within the region of the contact facets which extends over the surface and 

penetrates it. As was noted above, not only the entire enamel is worn off but also the dentine of the crown is affected 

to a considerable extent (fig. 142, m, d). The wear of the contact facet in the case of the upper molar is also rather 

advanced. Under such conditions an inflammatory process may have developed easily. Since I am not familiar with 

the various diseases of teeth my interpretation herein is merely a suggestion. It is interesting to note in this connection 

that, according to Drennan (1929) and Campbell (1925), erosions situated near the gingival margin frequently occur m 

Australian aboriginals. These erosions are characterized by a wedge- or saucer-shaped shallowness and a dense polishec) 

surface. Drennan adds that he found the same feature to a considerable extent in "uncivilized Bushman skulls. 

SUMMARY %$ tii-

1. This study is based on 147 Sinanthropus teeth denied from the main deposit (Locality I) of Choukout.en. 
Of these specimen, 64 represent isolated teeth, and the remainder of 83 are either embedded within their «•«***• 
jaws or were found in immediate connection with them or with skulls. 134 specimens belong to the permanent dentin 
6f which 52 are attributed to the upper and 82 to the lower one. ' 13 specimen, pertain to the deciduous dent.t.on an 
represent lower teeth exclusively. The total number of teeth recovered probably belong to 32 Afferent mdmdua.s. 
The Sinanthropus population represented by remain, at the end of the spring excavation, of 1937 number, ,pprox.m..c.y 
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Of these 20 are of the adolescent or adult age and 12 juveniles ranging from about 4 years to 14 

;'-'A 

2. There are two characteristic types of teeth in the permanent as well as in the deciduous dentition, 
one being the large type and the other the small one. Since the teeth of the first type were found within the 
large and robust mandibles G I and K I and together with the large male Skull I Locus L and the teeth of the 
second type within the small and weak mandibles A II and H I together with the small female Skull II Locus 
L , it may be stated with certainty that the large type of teeth belongs to male and the small one to female individuals. 
On the basis of such a definition, 16 represent male individuals and 16 female, that is, 6 male children and 10 male 
adults and 6 female children and 10 female adults. 

3 . A comparison of the permanent teeth of Sinanlhropus with those of either recent man or the Neanderthal 

group reveals that they are very large and robust in regard to crowns as well as root. The latter at the same time • 

are very high, especially the roots of the front teeth and canines. The crowns of the lower teeth, except the incisors,, 

are longer in relation to the height than is true in other hominid teeth. This peculiarity is most pronounced in the 

lower premolars and molars. The teeth show a rather stout appearance due to a slight constriction of the roots in 

the neck region. 

4 . The teeth are typical on account of the presence of abundant accessory ridges (wrinkles) which represent 
a constant and characteristic feature. In premolars and molars these ridges are bound to the cusps, the main ridges 
emerging from the cusps, and to the mesial and distal rim of the chewing surface. Their special feature is 
characteristic for hominids, their general arrangement being the same as in anthropoids. Accessory ridges of the 
same nature are also found on the lingual surfaces of the upper and lower canines and the central upper incisor, and 
in both cases emerge from the basal tubercle. The wrinkles are also present in the deciduous molars. . 

5 . An additional and almost general feature of the Sinanlhropus teeth is the persistenceof_the_cingulum. 
It is very pronounced in the two canines and in all premolars and molars. In the latter there are also traces of 
stylar cusps and in the canine special trial gular differentiations on the mesial and distal surfaces. 

6. The upper central incisor exhibits a very strongly developed basal tubercle which continues into several 

finger-like prolongations. The lingual surface is typically shovel-shaped with the border markedly thickened and 

folded around lingualwards. The tooth is perfectly straight, with the axis of crown and root forming a straight line. 

7. In the upper lateral incisor the basal tubercle forms a part of the thickened folded border. The shovel 

shape is very pronounced, and no prolongations observable. The axis of this tooth also forms a straight line. 

8. The lower incisors have a moderately concave lingual surface and a relatively weak basal tubercle. 

The cutting edge is distinctly crenulated. *:*v*̂  

9. The upper and lower canines differ in size, robustness and shape. The upper canine is a very large and 

pointed tooth with a well developed cingulum (see above under 5) and a complicated lingual surface. The lower 

canine is smaller and less robust; the development of the cingulum is approximately the same as in the upper canine 

but the configuration of its lingual surface and the tendency to form a cutting edge instead of a tip bear a closer 

resemblance to incisors than to the upper canine. The resemblance of the canines, especially of the upper one, to the 

lower canine of the fossil orang of Yiinnan is very striking. 

10. The first upper premolar is a very strong tooth, its root is divided into two branches or at least shows 

a deep indentation, in both cases with traces of a third branch. The mesial portion of the basal part of the buccal 

surface projects considerably, so that the outline of the crown becomes asymmetrical. The buccal cusp is larger and 

higher than the lingual one, the chewing surface of both cusps exhibiting a characteristic wrinkled pattern. ... 

• 
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11. The second upper premolar is weaker than the first one; the main difference of the pattern being that 
the lingual cusp does not differ appreciably in size and height from the buccal one as is true in the first premolar d 
that the basal projection is lacking, so that the outline of the crown is completely symmetrical. 

12. The first lower premolar in its typical form presents an asymmetrical oblong shape with a well developed 

cingulum, a distinct talonid and both cusps shifted towards the mesial border of the crown. The metaconid is lo 

than the protoconid and represents an isolated cusp situated buccally from the thickened lingual rim. The vari ti 

in the degree of appearance of the metaconid and of the distinctiveness of the talonid, however, is rather mark d 

The root is very robust and shows more or less pronounced indications of a division into two or even three branches 

13. The second lower molar in its typical form reveals the same asymmetrical oblong form as the first one. 

The cingulum is well developed. There is a large talonid covered by wrinkles radiating from the center of the talonid 

while the two trigonid cusps are shifted towards the mesial border of the crown. The root is very robust and shows 

the same tendency as observed in the first premolar, namely to divide into two or three branches. 

14. The crowns of the first and second upper molars are quadrangular or rhombic and the tour cusps well 

developed. The paracone projects mesialwards and buccalwards considerably. Cingulum differentiations are very 

distinct on the buccal surface. There is no clearly discerned trigon pattern, the anterior trigon crest being represented 

by the mesial rim of the chewing surface and the posterior crest by the slopes of the metacone and protocone themselves. 

The region of the fovea anterior is a triangular area between these two cusps and the mesial rim. The slope of the 

metacone covered by wrinkles continues with a separated distal section of the protocone and reaches up to the lingual 

surface. The root of the first molar is very strong. The lingual branch is straight and diverges considerably. The 

mesial portion of the buccal branches is much thicker than the lateral portion and is shifted bucally in correspondence 

to the position of the paracone. The three branches of the root of the second have the tendency to fuse. 

15. The third upper molar is smaller than the other molars. The crown is triangular in form with the apex 

rounded off due to the reduction of the metacone and hypocone. The branches of the root are more or less fused. 

16. The Carabelli tubercle. appears to be absent in Sinanthropus. A Carabelli pit, a special differentiation 

of the cingulum, was observed in one case. The well developed Carabelli tubercle is a progressive hominid structure 

and not .characteristic of either anthropoids or primitive hominids. 

17. The second lower molar is slightly larger than the first one. The crowns of the two molars in their 

typical form show clear indications of a cingulum and stylar cusps on the buccal surface. The enamel reaches down 

to a lower level on the buccal than on the lingual surface. The trigonid is broader than the talonid. There are six or 

five cusps, three of which are situated entirely within the buccal moiety and two or three, respectively, within the 

lingual one. The metaconid is the largest and longest cusp, the hypoconid occasionally being very small. There is 

a well developed Dryopiihccus pattern, with merely a slight tendency to transform it into a plus pattern by reduction 

of the metaconid. The region of the fovea anterior is represented by a triangular area bordered mesially by the nm 

of the chewing surface which represents the remainder of the anterior trigonid crest, while the posterior crest is 

embodied within the slopes of the protoconid and metaconid themselves. The root is very strong with the two branches 

straight and divergent. The mesial branch is shorter and lower, but thicker than the distal branch and shows a tendency 

to subdivide the apical part into a buccal and a lingual portion. The branches of the root of the second molar tend to 

fuse with each other. 

18. The third lower molar generally is somewhat smaller than the other molars. Like in the upper molar, 

the distal cusps, especially the hypoconid and entoconid, are reduced in size. In addition, there is a great variability 

in the development of all details of the pattern. The branches of the root tend to fuse. 

&£ii&$; 
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19. The so-called taurodontism as far as it implies a more extensive roominess of the pulp cavity of the 

teeth, especially of the lower molars, is characteristic for the Sinanthropus teeth. It is peculiar to all primitive 

hominids and may in no case be considered as evidence of specialisation. It may still even occur in recent man 

(Palaeolithic man, Eskimo, Bushman, Amerindians), while on the other hand it may also be found in the chimpanzee 

and female orang of today. Its disappearance in recent man is a consequence of the reduction in crown size and the 

alteration of its shape. ,- -

20. The deciduous lower teeth of Sinanthropus reveal a great number of primitive features. The crowns of 

the incisors are strong and stout, their roots being relatively robust and high. The incisor has a pyramid-like shape 

with a distinct point and a well developed cingulum. The first molar is long and narrow with a pronounced cingulum. 

The tooth is clearly molarized and reveals a complete trigonid with the paraconid, the two trigonid crests and the trigonid 

pit being preserved. The protoconid is the highest cusp. The talonid is slightly longer than the trigonid but the 

details of its structure is difficult to recognize because of the advanced decree of attrition. The mesial branch of the 

root shows an oblique position and projects considerably mesialwards and buccalwards. The second molar is still 

more molarized. The differentiations of the cingulum are very pronounced. The trigonid with all its characteristic 

details, namely the paraconid, the crests and the pit are clearly retained and the same is true of the talonid with its 

basin and the cusps bordering the latter. The root and its branches are very large and stout. 

2 1 . It is characteristic for the Sinanthropus dentition that a great variability exists with respect to all features 

of the teeth. Teeth with a very primitive appearance may be found together with rather advanced types, occasionally 
in one and the same jaw. *-<- w5, * 

• *f f-
• 4 

22. The permanent teeth cut the gum in the order similar to that known of the teeth of the Neanderthal 

group, namely the second molar makes its appearance after the eruption of the permanent incisors and before the 

deciduous canine and molars are shed. In the deciduous dentition the canine is the last erupting tooth as it is the 

case in anthropoids. -«- ' j-.,'y»; 

23 . With regard to the robustness the permanent teeth may be divided into three groups: the incisor—the 

canine—and the molar group, the canine group embracing the canine and the two premolars. The incisor group is the 

weakest, while the molar group is the strongest with the canine group located intermediately. In the lower teeth the 

difference between the three groups are more pronounced than in the upper teeth in which the incisor and canine groups 

are stronger in relation to the molars. With respect to these proportions of the three groups Sinanthropus bears a much 

closer resemblance to the gorilla than to the chimpanzee in the upper and lower dentitions of which the incisors are 

stronger than the premolars and closely approach the molars. «'.•-• U»V ••*« ' 

24. The position of the lower incisors within the mandible depends only upon the degree of the angle of 

inclination which the front part of the mandible forms with the alveolar plane, whereas the teeth themselves do not 

show any curvature in their longitudinal axis. The same conditions hold good for the upper incisors. The lower 

and upper jaws exhibit a very pronounced prognathism. T o judge from the aspect of the wear facets of the incisors 

there must have existed overbite relations in the dentition of young individuals with a moderate degree of attrition, while 

in old individuals with indications of strong wear edge-to-edge bite relations must have been present. 

25. The dental arcade represents a relatively narrow curve extending forward, so that the incisors form a more 

or less equally curved line. A diastema does not exist in either the upper or the lower jaw as far as the permanent 

dentition is concerned. In the deciduous dentition the lower canine is separated from the lateral incisor as well as from 

the first molar by a relatively wide gap, the anterior one being broader than the posterior one. The same conditions 

occur in the deciduous dentition of the anthropoids. 

}%, 

V :»,j 

l:'0t 

{'I- "V" 

."~'&*\*'jt•>,, 



( l ) 1 6 8 ;% ; PaUonlologta Sinica -%:[ Whole Ser..No. 10.1 

26. The upper permanent canine is not only larger and stouter than the lower one' but it also projects con
siderably beyond the general level of the chewing surface, exceeding particularly the height of the crown of the first 
upper premolar.' r,«- .' t* . • 

27. When compared with Sinanthropus the teeth of recent man have undergone a very characteristic reduction. 

This reduction involves not only the size of the crowns and the roots (see under 3) but apparently also a specific 

transformation of the entire pattern and in certain tooth types even an alteration of the entire 'shape. The cingulum 

and the wrinkles have been more or less lost and all teeth appear to be much simpler and their surfaces smoother. 

The crowns of the lower premolars have become completely symmetrical due to the shortening of the talonid. In 

the lower molars this process resulted in the adaptation of a more square form with the cusps, especially the mctaconid 

decreased in size, their number diminished (four instead of six) and their arrangement altered (plus pattern instead of 

Dryopithecus pattern)* 'The lower canine has lost its cutting edge and by acquiring a tip has taken on the appearance 

of the upper* canine which makes them practically identical. The third upper molar is involved in this process of 

reduction only as far as the finer details'of the pattern are concerned. But the decrease in size of the crown and its 

distal cusps including the root did not advance any further. In this regard the third molar of the hominids displays 

the same conditions as exist in other primate groups with not too elongated muzzles. * The third lower molar shows 

the same degree of reduction as the other but not to such an excess. • • 

28. The teeth of the Neanderthal group approach much closer those of recent man than those of Sinanthropus, 

the reduction in that group having already advanced to a considerable extent. Only traces of the cingulum differenti

ations, the persistence of the wrinkles and certain other details indicate the intermediary position of * the teeth of 

Neanderthal man (between Sinanthropus and recent man). There is not the slightest doubt that Sinanthropus, as far 

as the teeth are concerned, represents a much more primitive hominid type than any member of the Neanderthal group. 

A great variability may also be observed within this group. The teeth of the Heidelberg mandible, for instance, do not 

differ to any appreciable degree from those of recent man, despite their geological age. The Taubach molar with 

all its peculiarities also falls completely within the range of variation of the Neanderthal group. ' 

29 . All characteristics of the Sinanthropus teeth reveal their closest relation to the anthropoids. The fre

quently voiced opinion that the hominid teeth have nothing in common with those of the latter was erroneously based 

upon the idea, that the simplicity displayed by recent human teeth represents an original appearance, and, therefore, 

must be considered as specific for actually primitive primates. The real facts fully retract any such conception. 

30. The Sinanthropus teeth as a whole resemble those of lower and primitive extinct or recent primates only 

as far as the rather general characteristics of primate teeth are concerned. But in all special features such as the 

differentiations, the wrinkles, the size, number and arrangement of the cusps, the feature of the roots and thejr branches 

the Sinanthropus teeth conform in principle to those of the anthropoids and differ, together with the latter group, from 

the teeth of all other primate groups. When applying the teeth as criterion for the classification, there is no other choice 

but to range Sinanthropus within the general group of anthropoids. - > ; ; • . r . 

3 1 . The only difference of some importance is the special form of the canines and the first lower premolar. 

Although the canine of Sinanthropus has already undergone a reduction, yet it cannot be surmised that it had at any 

time been such a tusk-like structure as is true in anthropoids; the premolar likewise probably never had ruch a 

sectorial character as that found in anthropoids. These teeth apparently were the center of special differentiations 

in anthropoids which were already effective in Dryopithecus. Hence, the hominids must have branched off from the 

common stem of the anthropoid stock before Dryopithecus and the other fossil member of this group developed. 

The stem was thus divided into two branches, one with a more homomorphic canine group leading to or represented 
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by the hominids, and the other with a heteromorphic canine group leading to Dryopithccus, its relatives and its des
cendants, that is to say, to the anthropoids in the strict sense of the term. 

32. General primitive primate characters retained in the teeth of Sinanthropus consist of the persistence of 
the trigonid-in the two deciduous molars and probably also of the incisor-like appearance of the lower canine and the 
greater homogeneity of the entire canine group. But the number of these archaic peculiarities is rather small when 
compared with all the other features which Sinanthropus has in common with the anthropoids. It must be borne in 
mind, however, that in the fossil orang and even in the chimpanzee of today such primitive structures may be found to 
occur as individual variations, thus pointing to a common anthropoid origin. 

33. Of all fossil anthropoid-like primates know hitherto Australopithecus bears the closest resemblance to 
Sinanthropus with regard to the dentition. This is true not only of the first permanent molars but also or the deciduous 
molars and the proportion of the size of the incisors in relation to the molars. The lack of a diastema and the remarkable 
smallness of the canine in Broom's Australopithecus point in the same direction. Therefore, Australopithecus appar
ently belongs to the same anthropoid main branch as the hominids characterized by the greater homogeneity of the 
canine group (see under 31). ,.#tj*. 

34. The so-called Pithecanthropus teeth attributed as belonging to the skull cap cannot have any relation, 
to the latter if Sinanthropus is taken as prototype of a primitive hominid, and the skull of the former considered 
as closely related to that of Sinanthropus, and less so if the skull cap is taken to belong to a giant gibbon as is 
assumed by Dubois. The lower premolar in its entire appearance is like that of recent man, while the upper molars 
show all characteristics of orang teeth. That orang had existed contemporaneously with Pithecanthropus has been 
confirmed by recent finds. In addition, the differences in size between the premolar and the molars are so great that 
the three teeth could never have belonged to the same dentition. 

35. The teeth of the Piltdown remains are of three different origins. The two molars embedded within 
the mandible are typical anthropoid teeth, revealing such peculiarities as are found in the orang of today. These 
teeth, therefore, correspond entirely in their morphological character to the mandible with its orang-like appearance. 
The left molar recovered as an isolated tooth represents a type of recent man. As to the "canine* it is certain 
that it does not represent a lower canine of an anthropoid. Its real nature remains to be determined. 

36. The reduction of the hominid dentition in the course of evolution as demonstrated by the three phases; 
Sinanthropus—Neanderthal man—recent man—cannot be considered an isolated process confined to the teeth but 
a consequence of the transformation of the entire skull. The reduction in size of the lower front teeth including 
the canine, particularly in that of their roots, leads to a reduction of the alveolar process and as a consequence thereof 
to the projection of the basal part of the mandible, resulting in the formation of a chin. In the upper teeth a similar 
transformation took place. The reduction of the alveolar process here led to the development of the nasal spine and 
to a characteristic alteration of the entire appearance of the maxilla which may be called "hollow cheeks." The 
reduction of the entire masticatory apparatus is closely connected with the enlargement of the brain and its expansion 
at the expense of the facial parts of the skull. 

37. Everything that occurs in the dentition is only a consequence of a general transformation and cannot be 
the result of any accidental and direct influence upon teeth such as a change in nutrition, nor of a selection of unlimited 
chance variations. Neither can the different structures peculiar to hominids or other members of the anthropoid groups be 
caused by differences in the nutrition. They are particularities genuinely adherent to their special type like all other 
characteristics of the body. 

38. The course of human evolution as much a is manifest in the dentition is a typical example of an 
orthogenetic evolution involving the entire organization and influencing every individual system of the body towards a 
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development in the same direction. Neither this process as a whole nor the accompanying alterations may Le con
sidered as degenerations. They represent a distinct specialization in which the brain seems to have assumed the 
leading part. • 

39. Sinanthropus must be considered as a stage leading directly to recent man (see also under 27 and 23). 
The teeth show no features whatever which could be taken as "specializations." The very pronounced shovel shape 
pattern of the upper central and lateral incisors, particularly the latter (see under 6 and 7) is found to occur also in 
certain Mongol types of present mankind and thereby proves—with other peculiarities of the skull and mandible the 
close relationship of Sinanthropus to that racial group. 

^ i ^S^lfrf Mm $* • ifU 
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The number following the types refers to the current catalogue number of the 

Sinanthopus specimens and listed under the sub-title "Material" in the main text. By refer

ring to the number all essential details concerning the tooth will be found, together with data 

on the relationship of the tooth to the jaw and other teeth of the respective dentition. In 

addition, the latter is represented in the form of dental formulae which are given on a separate 

list appended to the same section. 

Italicized numbers refer to teeth embedded within the jaws or found in. connection with 

It = left side 

m = mesial view or mesial side 

r t=rightside 

site 
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Figure 6. Ehringsdorf child I1 It. From photogra 

Figure 7. Krapina I1 rt after Gorjanovic-Kramberger 

•:"t'T~' Figure 8. Le Moustier I1 rt. From photographs 

Figure 9. Choukoutien "Upper Cave*' l l rt (Cat. No. 159). 

Figure 10. Recent Australian Aboriginal (Cat. No. 688) I1 and I2 It. 

Figure 11. Recent North Chinese c? (Cat. No. 191). I1 rt and It; I2 rt and It. , 

Figure 12. Recent North Chinese cf (Cat. No. 132). I1 rt. 

Figure 13. Recent North Chinese d* (Cat. No. 91). I1 It. 

Figure 14. Chimpanzee juv. cf (Cat. No. 426). I1 rt and I2 rt; 1/1. 

Figure 15. Gorilla juv. 9 (Cat. No. 392). I1 rt and It; 1/1. 

• Figure 16. Chimpanzee juv. (Cat. No. 390) I1 It. £ $ 

Figure 1 7 . O r a n g juv. cf (Cat . N o . 20) . I1 rt and It. I / l . 

. >V- Figure 18. Sinanthropus 7 . I2 r t ; b , 1, m , d . „ ^Mi^i^Mi'd 

Figure 19. Sinanthropus 6. I2 rt; 1, o. 
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Figure 20. Recent Man (Lenhossek). I2 rt; b, I. m. 

Figure 21. Ehringsdorf child I2 It. From photographs and casts. 

* Figure 22. Le Moustier I2 It: I. From photographs and after Aichel. 

Figure 23. Krapina I2 rt after Gorjanovic-Kramberger. 

Figure 24. Ordos tooth I2 It after Davidson Black. 

utien. germ. P It. 

inanthropus 63 Ia It. b. 

Figure 25. Fossil macacus of Choukoi 

Figute 26. Sinanthropus 58 It It and S/ 

Figure 27. Sinanthropus 54 Ii rt and 55 Ii It Sinanthropus 61 I3 rt and 62 I9 It, 1. 
£ *• 

Figure 28. Sinanthropus 5. Ii It; b , 1, m, d. 

Figure 29. Le Moustier It rt and Ia rt. From photographs and after Aichel. 

Figure 30. Ehringsdorf child U It and I3 It; o. After H. Virchow. 
i - _ * . ^ - , ~ 

LlTr-XM 
Figure 31. Orang cf (Cat. No. 271). It rt and la rt. I / I . 

Figure 32. Recent Man (Lenhossek). I. rt; b. 1. m. 

? t v F>g«« 33. Sinanthropus 8. I, It; b. 1. m. d.« 
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Weidenreich—Sinanthropus teeth Plate III, figs. 20-33 
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Figure 35. Recent man (Lenhossek). I, rt; b . 1. m. 
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Figure 36. Sinanthopus I I . I, It; b, 1, m, d. 

Figure 37. Stnanthropua 12. I, rt; b, 1, m, d. 

; b, 1, m. d, o. &*<• 

, 1, m, d, o. 

rom photographs. 
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Weidenreich—Sinanthropus teeth Plate IV, figs. 34-41 
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. C rt; b, I. m, d. o. 

. | C ' l t : b , l , m . d . o . 

enhossek). C rt; b. I. m. ^ , V ^ . 

Figure 45. Recent Australian Aboriginal d" (Cat. No. 14). C rt; I. 

Figure 46. Recent North Chinese <f (Cat. No. 191). C It. 

fe^PSSi F'gure 47. Recent North Chinese <? (Cat. No. 174). C It. ] fi-SlJ^S'^^ 

I f : f ^ | | ^ ^ | F ' 8 u r e 4 8- R e c e n t North Chinese 9 (Cat. No. 96) . ' C It. ^ w ^ ^ M ^ ^ ^ V 

Figure 49. Recent North Chinese <f (Cat. No. 181). C It and I2 It. 
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Figure 53. Sinanlhropus 18. C, It; 

Figure 54. Sinanlhropus (jaw G I). 

rr: 

From photogra 

Figure 58. Krapina C, It; 1. After Gorjanovic-Kra 

Figure 59. Recent Chinese (prehistoric Mongol, C 
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Weidenreich—Sinanthropus teeth Plate VI, figs. 50-59 
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Figure 60. Sinanthropus 17. C, It; b, 1. m, d, o. &| ! 

9 . C , r t ; b . l , m , d , o . T& Figure 61. Fossil orang (Yunnan) 
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Weidenreich—Sinanthropus teeth Plate VII, figs. 60-63 

GO 

6 3 

"M&o Series D, No. 1 Whole Series No. 101 



— — 

l i f e^^* iS i iS EXPLANATION OF fl?§SJS3v|fIggftl 

l l * l i ^ ^ S ^ I # PLATE VIII ^ ^ M - # ^ ^ « ^ i | i ^ 

15 

saw K •&$$?$ $ ^ !*wi 

te^^^i^v^^^^^^.^J? &f^?H^ fates 



PI A T C \71II 
P L A T E VIII 

Figure 64. Sinanthropus 19. P l rt; b , 1, m, d, o. 

Figure 65. Sinanthropus 77. P 1 It; b , 1, d, o (m compare with fig. 73). 

Figure 66. Prehistoric .Chinese (Kan3u, Cat. No. 490/23). C, It and Pj It (b), with.strong attrition. 

Figure 67. Recent North Chinese (Cat. No. 69). C, It and Pi It (b) with slight attrition. 

Figure 63. Sinanthropus 73 . P l rt, b , 1, m (d compare fig. 73). 
<•?'$• \/;P 

Figure 69. Recent Man (Lenhossek). P l rt; b , 1, m. 

Figure 70. Le Moustier P 1 It; o. From photographs. 

Figure 71 . Krapina P 1 rt, o. After Gorjanovic Kramberger. Size? ; ' t 

- Figure 72. Recent Australian Aboriginal (Cat. No. 14). P1 rt, o; no attrition. 
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Figure 73. Comparative lateral views of C and P l of Sinanthropus to demonstrate the difference in size 
between the large (cf) type (<f Skull I Loc. L) and the small ( 9 ) type ( 9 Skull II Loc. L): a) 
68 C rt d; b) 69 C It m; c) 77 P l It m; d) 78 P1 rt d. 

Figure 74. Le Moustier P2 It. From photographs, circa 3 / 1 . 

Figure 75. Sinanthropus 87. P2 rt; b, 1, m, d. 

Figure 76. Recent Man (Lenhossek). P2 rt; b, 1, m, o. 

Figure 77. Sinanthropus 25, P2 It; b . 1, m. d, o. \tK 

Figure 78. Sinanthropus 27. P2 It; b, I. m, d, o. 
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Weidenreich—Sinanthropus teeth Plate IX, figs. 73-78 
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Figure 79. Sinanthropus 80. P, rt; b, 1, m. d, o. 

Figure 80. Sinanthropus 20. P» rt; b, 1, m, d, o. . 

Figure 81. Chimpanzee <f adult; Pi rt; b , 1, m, d, o. 

Figure 82. Sinanthropus 82. Pi rt; b , 1/m, d, o. (compare fig. 91). 

Figure 83. Sinanthropus 81. Pi rt; b, 1, o. 

Figure 84. Sinanthropus (Zdansky). Pi It; o. 

•v>^/>:v^v^ :?*S ' ' v ^ ^ ^ V . K . ^ ^<-A '̂s <^%^;cj1 ^ ' v : ^ . ^ : •<-;/::^v 

^ 20 

S!^ ' Iff S58S t & . ' 



PAL/EONTOLOGIA SINICA 

Weidenreich—Sinahthropjs teeth Plate X, figs. 79-85 

• 

8 3 b 

8 3 8 5 

m 

flew Series D, No. I Whole Series No. 101 

: • 



-

PF̂ & $3 ^ ^ ^ g ^ i g^^p^ 1S«|S ii*#s 

EXPLANATION OF 'J^v E 

i lKSifsSS' PLATE xi -niiiagwsMi 
•" *3E?»? y.\a..<-i^fi' 

21 



PLATE XI • 

P i . i i j 

i It; b, 1, m. d, o. 
.' P , rt; b. 1, m. d, o. 

Figure 86* Sinanihropus 85 
V-j ' 

Figure 87. Sinanihropus 21: . & .*, ~, », .»., ^, v . 

rigure 88. Fossil orang (Kwangsi). Pi rt viewed from buccal side and from below. 

Figure 89. Sinanihropus 23. Px rt; b , 1, d. 

Figure 90. Chimpanzee juv. cf (Cat. No. 426). Pi and P3 with partly fused roots: a) Px It, m; b) Pf It, m; 

c) Pa rt, b . C. * / •.*-*, - i J-»; i .*."•:• r -A ** ̂  

Figure 91. Sinanihropus 82. Pi rt (compare fig. 82), to demonstrate the fused root viewed from the apex 

and the distal and buccal sides. 

Figure 92, Ehringsdorf child Pi rt; b , o, from photograph 

Figure 93. Krapina Pi rt; o, after Gorjanovic-Kramberger. Size ? 

Figure 94. Le Moustier P t rt; o, from photographs and after H. 

Figure 95. Heidelberg Pi rt; o, after Schoetensack. 

hs. 

x H. Virchow. 
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Figure 96. Sinanthropus 29, Pa rt; b, 1, m, d, o. 

Figure 97. Sinanthropus 89. Pa rt; b, l. m, d, o. 

" - Figure 98. : Sinanthropus 93.' P, It; b, l, m. d. o. ' # 

B 3 ^ f i | I P f f . Figure 99. Recent Man (Lenhossek). Pa rt; b. I, m, o. - ( A J | ^ g ^ ^ 

£ $ £ i i ? 0 M Figure I00. Not reproduced. | ^ ^ ^ | M J ^ - ^ ^ ^ ^ ^ S ^ ' 

#.;" W**,^ >>&»*» fc%* $ % ^ i £ # ; '.vat,* * *&&$& 
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|Sl|8S F,8Ure ,0,# Sinanth^Pat 90' Pa rt: b.'l, m, d, o. ^^^^S^^m^^t 
iSitl •Figure ,02, Chimpanzee > u v - 9 ? <Ca*- No. 32i). P, rt; b, i, m, d, 2 $ J g $ f p 
S a r 4 F l*8 u r c , 0 3 - Sinanihropus 30. P a rt; b, d, o. 

Figure 104. Le Moustier P , rt, o, from photographs. 

Figure 105. Ehringsdorf child P , It, o, from photographs ft 
Figure 106. Heidelberg P3 rt. o, after Schoetensack. 

. . a . , w , , , « M i w t viewcu irom oeiow. 
Figure 111. Sinanthropus 95. M1 It, d. 

Figure 112. Recent Man (Lenhossek), M, rt; o, b, 1, m. 

•fc* 
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Weidenreich—Sinanthropus teeth Plate XIII, figs. 101-112 
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^§S^^ PLATE xiv K??^ 
Figure ! 13. Sinanthropus 41 . M2 It; b , 1, m, d. o . 

Figure 114. Sinanthropus 40. M2 It; b , 1, m, d, o. 

Figure 115,, Australopithecus africanus. M1 It, o. From cast. 

Figure 116. Dryopithccus germanicus (Melchingen). Upper M It, o. From cast and photograph. 

Figure 117. Gorilla juv. <f (Cat. No. 336). Mx It, o . 

Figure 118. Gorilla adult 9 (Cat. No. 323). M l rt and M2 rt; b . 1/1. 

Figure 119. Sinanihropus 42. . M2 rt; b , 1, m, d, o. »;2'V.}*AVJ *vv. 

Figure 120. Sinanthropus 104. . M2 rt; b , 1, m, d, o. 

***> «'*«. 

> „ ^ ^ , , x ^ . , U . ^ Jj.j.*#J.. ^ . ^ ^ ^ ^ 1 . . ^ . -^.^it.* >. i t W v 
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P L A T E X V . 

Figure 121. Recent Man (Lenhossek). M 2 rt; b , 1, m, o. 
.V* A>. • - \t> yS* **-V •> \ \ i • • "Vr • 

Figure 122. Sinanthropus 105. M 2 It, m . 

f > ^ 
Figure 123.. Krapina M l It, o. 

. Figure 124. Le Moustier M 2 It. From photog: tographs. 

Figure 125. Recent Orang juv. cf M 2 It,- o . > ^ 

Figure 126. Fossil orang (Kwangsi) . M 2 It, o . . ' 

Figure 127. Sinanthropus Skull II 9 (Locus L) . T h e two upper P It and the three upper M It in situ, 79, 

53 . 95, / 0 5 , 113 (compare fig. 111).* 

Figure 128. Sinanthropus 47. M 3 It, o . %& 

Figure 129. Sinanthropus 48 . M 3 rt, o . \ &4 

Figure 130. Sinanthropus 46. M 3 r t ; b , 1, m , d, o. 

Figure 131. Krapina M 3 rt , after Gorjanovic-Kramberger. Size? 

Figure 132. Steinheim M 3 It, o . £ f $ 

Figure 133. Symphalangus syndactylus adult cf M 3 rt , o . 

Figure 134. Sinanthropus (Zdansky) . M 3 rt, o , from cast and photograph. 

i*ww . •• • "iLV/v*>^ '̂r?V-^>;.*;;-«s»L "-'/•J. • 
* In figure 127 the two premolars are erroneously designated as II and 12. 

m 
L 30 
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Figure 135. Sinanthropus 112. Ms rt; b. 1, m, d, o. 

Figure 136. Sinanthropus 49. M1 rt; b, 1, m. d, o. 

Figure 137. Recent Man (Lenhossek). M5 rt; b. 1, m, o. . -%f. 

Figure 138.̂  Sinanthropus 37. Mi rt. Distal moiety viewed from mesial side showing the exposed pulp ' 
cavity in bucco-lingual diameter and the thickness of the enamel and dentine. 

Figure 139. Sinanthropus 36. M, It; b, 1, m, d, o. 
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Weidenreich—Sinanthropus teeth Plate XVI, figs. 135-139 
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m •-. . • mm . 

^mm^^m^mm FLATEXVH liftfiiit^^f^sf?:.. 
'2. M, It; b . 1. m. d. o. 

, M, It; b . 1. m . d. o. 
-.- l--.7^ J i , ' 

Figure 140. Sinanthropus 98. M, rt; b , 1, d, o. 

Figure 141. Sinanthropus 102. 

Figure 142. Sinanthropus 38. 
-
Figure 143. Recent Man (Lenhossek). Mi rt; b , I, m, o. 

Figure 144. Sinanthropus 34 (isolated molar described by Davidson Black). Mt It, o. 

Figure 145. Sinanthropus 97. M, rt, o. • / 

Figure 146. Comparative buccal views of Mi It of palaeolithic man—Choukoutien "Upper Cave" (a); recent 

Australian Aboriginal (b); recent Eskimo (c); Chimpanzee juv. cT (d); Gorilla adult tf (e) 

• — — — » — — — - — 
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• PLATE XVIII -4-7. 

Figure 147. Sinanthropus 35. Mi rt; b , m, o . 
• & *** •*,**? 

Figure 148. Sinanthropus 99. M, rt; b , 1, m. 

Figure 149. Gibraltar child Mi rt, o; from cast. 

Fisure 150. Krapina Mi It; after Gorjanovic-Kramberger. 

Figure 151. Ehringsdorf child Mi It; from photographs. 

Figure 152. Heidelberg M 3 rt; after Schoetensack. 

:ographs and after Aichel. 

nanlhropus on the basis of a hypothetical Mi It, like 
5. * 

li rt, o; from cast. 

)). M tr t .o . 

81). M l r t i o . 

Figure 160. Hi//o6flfcs mu//eri juv. M, rt, o . 

Figure 153. Taubach Mi It; b , m, o; from photographs. 

Figure 154. Le Moustier Mi rt (a); Mi rt (b); from photogra* 

Figure 155. Schema of wrinkles of a lower molar of Sinanthropus on the basis of a hypothetical M| It, like 
those of figures 165, o and 166. 

Figure 156. Australopithecus africanus. Mi 

Figure 157. Gorilla juv. cf (Cat. No. 336). 

Figure 158. Chimpanzee juv. (Cat. N o . 381). ivia rt, o . 

Figure 159. Dryopithecus germanicus (Trochtelfingen). Mi It, o. 

\, 
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Weidenreich—Sinanthropus teeth Plate XVIII, figs. 147-160 
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PLATE X I X . * ' 

rt; b , I, m,. d. o. 

sek). M, rt; b , m, 1, o. 

IS. M , r t , o. 

I. M , l t ; b , l , o . , 

, It. o . 

, It, o, from photographs. 

Figure 161. Sinanthropus 45. Ma 

Figure 162. Recent Man (Lenhoisel 

Figure 163.- Sinanthropus 108. 

Figure 164. Sinanthropus 107* 

Figure 165. Sinanthropus 44. 

Figure 166. Sinanthropus 43 . M3 

Figure 167. Ehringsdorf child M3, 

Figure 168. Gibraltar child Ma rt, o . Note: through an oversight the buccal side is turned downwards. 

Figure 169. Recent European Ma It, o . . 

Figure 170. Palaeolithic Man-Choukoutien "Upper Cave" M a , rt, o; (a and b). 

. Figure 171. Prehistoric Chinese (Mongol Cat. Nc* 157). Mi rt, o. 

Figure 172. Sinanthropus 114. M l r t ; b , 1, m, d (compare figs. 173 and 181).* 

ism; »^^<^#!&^ 
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Figure 173. Sinanlhropus 114, Mj rt; a) roots viewed from below; o) occlusal view (compare figs. 172 

and 181). 

Figure 174. Sinanlhropus 115. M, rt. o. !£jjg 

P?r t * t i> * 1 7 5 ^ . ' n / i n / L n h f i f / / / * M . l l - r t Figure 175. Sinanlhropus 

Figure 176. Sinanthropus 50. 

Figure 177. Sinanlhwpu, 52. M, ltj b. 1. m. d. o. 

Figure 178. Recent Man (Lenho3sek). M, rt; b,-l, m. o.- . M i v 

Figure 179. Fossil orang (Kwangsi). M, It, o. 

Figure 180. Sinanlhropus 96 Mit 106 Ma, / /4 M„ rt side; b, three molars of jaw A 11 (compare figs. 172 
and 173). i i 

Figure 181. Gorilla $ (Cat. No. 325). C„ P„ P,. M, and M„ It side. 1/1 

Figure 182. Heidelberg M, rt after Schoetensack. 

Figure 183. Krapina M, rt after Gorjanovic-Kramberger. 

Figure 184. Pithecia M, rt after Branca (1898). 5 /1 . 

Figure 185. Le Moustier M, rt from photographs and after H. Virchow. 
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l i, rt: b. I. m. d. o. ^^W^M^M^M^M^^^^M^'. 
enhossek). i l rt; b, m, 1. 

Figure 186. Sinanthropus 118 

Figure 187. Recent Man (L 

Figure* 188. Sinanthropus 120. c, rt; b, 1, m, d, o. 

Figure 189. Recent Man (Len 

Figure 190. Sinanthropus 122. 

Figure 191. Sinanthropus 121 

'. c, r t ; b, 1, m, d, o. - -~~*. 

snhossek). c, rt; b. m, I. '£& 

. c. It; b. 1. m. d. 

ngure I7i. ^tnumnropus iti. c. rt, 1. 

Figure 192. Fossil orang (Kwangsi). c. It; b. 1, m, d, o. 

Figure 193. Crown and root of: (a) recent man (Lenhossek) c. rt; (b) Sinanthropus 120, c. rt based on 
the skiagram. 

Figure 194. Sinanthropus 125. mk rt; b (- - reconstructed cusp). 1, m, d, o. 

Figure 195. Orang (No. 246) m, rt, o . 

fricanus. m, rt, b; after cast. 

m l rt. b. 

Figure 196. Australopithecus a 

Figure 197. Orang (No. 19) m 

Figure 198. Recent Man (Lenhossek) mi rt; b, m, 1, o. 

Figure 199. Sinanthropus 121. mi and 

Figure 200. Gorilla <f (No. 330) m 

i) m i rt; D, m, l , o. 

1 m, rt. o. 

A , and m4 rt. o. 

Figure 201. Australopithecus africanus mi and m. rt, o, after cast. 
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nr A T C w i l 
P L A T E XXII 

l ip ^mm *.- ^ISSSS^ISf^Sfe-
| . p g £ Figure 202. Sinanthropus 128. m, rt; b , 1, m. d, o. . £ , _ ? % g f e ^ ^ ^ " 

Figure 203. Sinanthropus 129. m, rt; o. 

127. m . r t j o . 

ild m, It and m, It; o. 
» 

t Man; North Chinese child im and ma rt; o. 

t Man (child) mi rt after Lenhossek; b , m, d, o. 

Figure 204. Sinanthropus 

Figure 205. Gibraltar ch 

Figure 206. Recent 

Figure 207. Recen 

Figure 208. Gorilla child <f (No. 336) m, rt; o. 

Figure 209. Gibraltar child mi It and ma It, b . 

• Figure 210. Gibraltar child (No. 330) m t rt and ma rt; b . J 

Figure 211. ma rt with root in buccal view: (a) Recent Man after Lenhossek; (b) Sinanthropus 128 (cf. fig. 

202) drawn from skiagram (fig. 303). 

Figure 212. ma rt of chimpanzee child <f to demonstrate the differences in form; (a) No. 427, (b) No. 18. 

Figure 213. Piltdown MCM after Dawson and Woodward, 1914, pi. X V . figs. 2 a and b; b . 1,' s—skiagram 

.(pi. XV, fig. 3 b). 1/1. 

Figure 214. Sinanthropus 28. P 2 rt; m, o. 

Figure 215. Indents at the tooth neck; (a) La Quina M t It after H . Martin (1923); (b) recent man Ma 

rt, m; (c) M3 rt, d. 

Figure 216. Piltdown mandible, lower molars: (a) Mi It, o, (b) M t and Ma rt, o. 
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PLATE XXIII 

Figure 217. Diagram: sagittal section through the alveolar part and midline of the left upper central I * 
of an adult male chimpanzee (London) orientated in the Frankfort plane. The alveolar 1 
of the upper jaw with contours of the left row of teeth from C to M3 is also given. 1/1 -

Figure 218. The same diagram as in figure 217 of a juvenile male gorilla (No. 325) with all permanent 
teeth, with the exception of the canine. 1/1. ,.>y 

Figure 219. The same diagram as in figure 217 of an adult female orang (No. 425). 1/1. 

Figure 220. The same diagram as in figure 217 of a second adult female orang (Borneo). 1/1. 

Figure 221. The same as in figure 217 of an adult recent Australian Aboriginal (d* No. 668) with strong 
alveolar prognathism. 1/1. 

Figure 222. The same as in figure 217 of an adult recent North Chinese (cf. No. 191) with strong alveolar 
prognathism. 1/1. 

Figure 223. The same as in figure 217 of an adult recent North Chinese (cf, 145) with orthognathism. 1/1. 

Figure 224. Diagram: sagittal section through the midline of the left, central incisor and the frontal part of 

the mandible of an adult female gorilla (No. 324) orientated in the alveolar plane of the 

mandible. -The longitudinal axis of the incisor is indicated by interrupted lines. 1/1. 

Figure 225. The same as in figure 224 of an adult male chimpanzee (London); compare figure 217. 1/1. -

Figure 226. The same as in figure 224 of an adult female orang (Borneo); compare figure 220. 1/1. 

Figure 227. The same as in figure 224 of an adult male Hylobates concolor. 1/1. 

Figure 228. The same as in figure 224 of Sinanthropus mandible Locus G I. 1/1. 

Figure 229. The same as in figure 224 of the Heidelberg mandible, 1/1. 

Figure 230. The same as in figure 224 of an adult prehistoric female Chinese (Kansu, No. 404/7). I / I . 

Figure 231. The same as in figure 224 of an adult recent man ( 9 European). 1/1. 
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Figure 232. Sagittal sections through the left upper central incisor and the corresponding alveolar part to 

demonstrate its position within the jaw in Frankfort orientation. 1/1. a, adult female orang 

(compare fig. 220); b, adult female orang (compare fig. 219); c, juvenile male gorilla (compare 

fig. 218); d, adult male chimpanzee (compare fig. 217); e, recent man: prognathous North 

Chinese (compare fig. 222); f, recent man: prognathous Australian Aboriginal (compare fig. 

221); g, recent orthognathous European male; h, orthognathous recent North Chinese (compare 

fig. 223). 

Figure 233. (a-h)f the same sections as in figure 232 in alveolar orientation. 

Figure 234. Cross section in bucco-lingual direction through M t after Rebel's (1931) figure 2502 (p. 2305). 

Figure 235. Drawing from a skiagram of Mi and Ma of a Krapina mandible after Gorjanovic-Krambcrge 

(1910). 1/1. • £ / > 

Figure 236. Drawing from a skiagram of mi and ma of the mandible of the Gibraltar child after Buxton 

(1928). 1/1. 

Figure 237. Drawing of a skiagram of M r M , It of the mandible of La Quina after H. Martin (1923). 1/1. 

Figure 238. Drawing from a skiagram of P r M , It of the adult mandible of Ehringsdorf after H. Virchow 

(1920). I / I . 
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Figure 239. A series of upper and lower teeth of recent man (a) according to figure 518 in Spalteholz's Atlas 
(Vol. 2) orientated parallel to the cutting edge and Sinanthropus (b) composed of individual 
large types of teeth and orientated parallel to the boundary of the enamel. I / I , 

Figure 240. Lower canine and premolars of a mandible of Dryopithccus fontani after Gaudry's (1878) figure 

310. 1/1. c, buccal view; b, occlusal view. 

Hi: 
Figure 241. Lower canine and premolars of a mandible of Dryopithecus cautleyi after Gregory and 

Hellman*s (1926) figure 12. 1/1. a, buccal view; b , occlusal view. 

Figure 242. Teeth attributed to Pithecanthropus compared with correspondingly worn teeth of Sinanthropus. 

a, Px It of Pithecanthropus; a', Pi rtof Sinanthropus 24 (mirror image); b , M3rtof Pithecanthropus, 

• ! b ' . IvF rt of Sinanthropus 112. 

Figure 243. Mi It (a) of a d* fossil orang (cave of Kunming, Yunnan) compared with the same tooth (b) of 

a <f recent orang (No. 231). 

Figure 244. Drawings of skiagrams: (a) C, of Sinanthropus 75 (d*), (b) C, of a female orang (Borneo), (c) 

I2 of the same orang. 1/1. 

Figure 245. C, It of a female chimpanzee viewed from lingual and mesial side after Remane (1927), 1 1/2: 

Figure 246. C' It of a female chimpanzee after Remane (1927); b, m, 1. Size? 

•:f0* w&im& WM %m ^fe)# i«^#/! :<#$.£ 
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H Figure 247. Sinanthropus 2. I1 rt, p. g ^ ^ ^ S S i R i ^ p l ^ l l ^ 5 

Figure 248. Recent Man (prehistoric Chinese No. 157). I1 rt. p. 

Figure 249. Sinanthropus 1. I1 It, p. 

Figure 250. Sinanthropus 6. I2 rt; b, m, d. 

! ' Figure 251. Left: Sinanthropus 6, i2 rt; p . Right: Recent North Chinese I2 rt; p. 

Figure 252. Sinanthropus mandible B I with c (/2/), Ia (61), U (54), I, (62 ) / c (122). b buccal and 1 

lingual view. ••*- *» rJ 4 -

Figure 253. Sinanthropus 8. I, It: b . 1. «n, d. • 

F iBmc25«. S / ™ « W . S a . C l t : l ; p . 

I Biii^iSiiia 

Figure 254. Sinanthropus 68. 

Figure 255. Sinanthropus 14 

j < ; - * . . . "'„•-.» ;•*'.' 
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f^a^i:gti«pa«^tts, ?LATE xxvu m^mmmmmk^t-
Figure 257. Sinanthropus 16. C rt; b . m, d. j 

Figure 258. Fossil orang 9 (Yunnan). C, rt; m, d. % * 

Figure 259. Sinanthropus cf 68 C rt, b , and Sinanthropus d1 77 P 1 It. b = mirror image. 

Figure 260. Sinanthropus 16. C rt, b, and Sinanthropus 19, P l rt, b. 

Figure 261. Sinanthropus 70 C, It; 1. 

Figure 262. Sinanthropus 9 69. C It, b , and Sinanthropus 9 78. P 1 rt, b , (mirror image). • 

Figure 263. Left Sinanthropus 9 69. C It, m; right: Sinanthropus cf 63. C It, d. 

Figure 264. Left: Sinanthropus 9 78. P l rt, d; right: Sinanthropus <f- 77. P 1 It, m. 

Figure 265. Sinanthropus mandible B V . C, It (72), I, It (64). I, It (53). I, rt (57), I, rt (65). C, rt (71). P, 

rt (3/). a, occlusal view, b , .buccal view. **-V--» 
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Figure 266. Sinanthropus mandible B V viewed from the left side: C, It (72), I3 It (64), P , rt (5/). 

Figure 267. Sinanthropus 19. P l rt; m, o. 

Figure 268. Sinanthropus 77, P 1 It, o. 

Figure 269. Sinanthropus 27 

Figure 270. Sinanthropus 20 

. PMt, d.o. • 

rigure z.t\j. oinanmropus c\J. Pi rt; b , 1, m, d, o . 

Figure 271. Sinanthropus 29. P a rt; b , 1, m, d. 

Figure 272. Pi rt: a, chimpanzee c? adult; b , Sinanthropus 80 (mandible B I), germ; c, Sinanthropus 20, 

germ; d, germ of recent man (prehistoric Chinese); e, germ of recent man (European, 

. Moravian); f, recent man, adult (European). 

. Figure 273. P 3 rt: a, germ of chimpanzee (Cat. No. 321); b , Sinanthropus 89 (mandible B 1), germ; c, 

Sinanthropus 90 (mandible B V) , germ; d, Sinanthropus 29, germ; e, germ of recent man 

(prehistoric Chinese); f, recent man, adult (European). 
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PLATE XXIX 
A*'^.T*..**• Tf . '«.'• ( i / ^ . ' A - J i • —.*••*' — - v . - : ' T r ' * - ' * . • •'•"»«;•'.•*.•.%. 

Figure 274. Sinanihropus mandible B I in occlusal view with germ of Pa rt (89)—cf. figure 273—exposed 

and in situ. 1/1. 

* 
, M*r t .o . 

'. MMt .o . 

Iwangsi). M>rt ;o . . ^ J 

Figure 275. Sinanihropus 4\. MMt .o . 

Figure 276. Sinanihropus 32. M l rt, o. 

Figure 277 Sinanihropus upper jaw of Skull II Locus L; left side in occlusal view with P1 (79), P2 (88). M* 

• (95).MU/O5).MH//3). fi/i. M^mMkm^^msmmi 
Figure 278. Sinanihropus 40. MMt .o . 

Figure 279. Sinanihropus 46. M5 rti b . 1. m, d, o. 

Figure 280. Sinanihropus 48. 

Figure 281. Sinanihropus 47. 

Figure 282. Fossil orang (K\ 

Figure 283 Sinantfropus mandible G I, left side in occlusal view with It (59), Is (66), C (75), Px (83), P, 

( 9 / ) , M l ( / 0 0 ) , M a ( / / 0 ) . M , ( / / 6 ) . 1/1 

Ficmre 284. Sinanthropus mandible A II right side in occlusal view with M t (96), Ma (106), M, (114). I/I 

0- :-*•« 
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Figure 285. Sinanthropus mandible G I left side in buccal view with the same teeth as in figure 283. J / | 

Figure 286. Sinanthropus 99. Mi rt and 108. Mj rt, of mandible F I. 

Figure 287. " Sinanthropus mandible K 1 left side in buccal view, with C (75)% Px (55), P , (93), M t (102) M 

(///). I / I . \ 
Figure 288. The same as in figure 287 in occlusal view. 1/1. 

Figure 289. Sinanthropus Mi (96) ,M, (106), Mi (114) in situ. Mandible A II (figure 264) viewed from the 
lingual side from behind and above. I /1 • 

Figure 290. Sinanthropus 44. 

Figure 291 • Chimpanzee 

Figure 292. Orang Mi 

Figure 293. Recent Man (Jar 

Figure 294. Sinanthropus J 6 , 

Figure 295. Sinanthropus 50, 

Figure 296. Sinanthropus 52 

Figure 297. Gorilla <f (C 
yr • 

u mi t.yoj.ivij u u o ; , ivi, u i*V tn sttu. Mandible A II (figure 264) viewed from the 
e from behind and above. I / I . \:L 

, 44 . M,lt,o. 

: e M , r t ( C a t . N o . 3 8 l ) . o . 

apanese child). Mi rt, o. 

52. M.rt.o. 

it. No. 329) P.-M, in situ. I/I. 
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Figure 298. Upper jaw of gorilla cf (Cat. No. 333) with P l-M 3 on both sides in situ. I / I . rf 

Figure 299. Sinanthropus mandible B IV, right side, with h (118), i2 ( / /9 ) , c (120). im (125), m3 (128). a, 
buccal view; b, lingual view; c, occlusal view. " ? y ; ~-~ , 

Figure 300. Mandible of Perodicticus potto with all incisors and the permanent dentition of the right side. 

Viewed from lingual side and above. 

Figure 301. Comparative occlusal view of the dental arches of: a, chimpanzee cf • (Cat. No. 426). b, 

•Sinanthropus 9 mandible H^ 1 (reconstructed), c, Recent Man 9 (European-Moravian), d, 
Heidelberg mandible (after Schoetensack), 1 / 2 . 

Figure 302. Skiagram of Sinanthropus mandible B V (cf. figure 265) to. demonstrate the roots of the 

permanent incisors. 1/1 •• 

Figure 303. Skiagram of Sinanthropus mandible B IV (cf. figure 299) to demonstrate the roots of the 
deciduous teeth. 1 / 1. 

' ft •?*,.: $v 
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Figure 304. ' Recent Man 9 . Prehistoric Chinese (Cat. No. 404/7). Strong alveolar prognathism of 
maxilla and mandible. Overbite. 1/2. 

Figure 305. Recent Mancf North Chinese (Cat. No. 191). Strong alveolar prognathism. Overbite. 1/2. 

Figure 306. Dentition of a female orang (Borneo) with erect upper and lower incisors and edge-to-edge 
bite. No diastemata. 1/2. 

Figure 307. Skiagram of Sinanthropus mandible G I (cf. figs. 283 and 285). I / I . 

Figure 308. Skiagram of Sinanthropus upper jaw of Skull II Locus L (cf. fig. 277) with P2-M5. 1/1. 

Figure 309. Skiagram of Sinanthropus mandible K I (cf. figs. 287 and 288) with C-M,. 1/1. 

Figure 310. Skiagrams (bucco-lingual) of chimpanzee <f M t It: a, immature (Cat. No. 421); b. adult (Cat. 

No. 426). I / I . - u , | | g : . 

Figure 311. Skiagrams (bucco-lingual) of Sinanthropus Mj It: a, immature No. 36; b, adult No. 38. 1/1. 

Figure 312. Skiagrams (bucco-lingual) of Recent Man (European) Mi It: a, immature, b, adult. 1/1. 

Figure 313. Skiagrams (mesio-distal) of Sinanthropus upper molars of Skull II Locus L: a, M l rt, 
No. 94; b. M2 rt. No. 104. I / I , 

M%$$& ^ffm ^P : #9Si Wei m S i 
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P L A T E XXXIII 

Figure 314. Skiagram of Sinanthropus mandible A II with M ( - M | (cf. figs. 284 and 289). I / I 

Figure 315. Skiagram of the right side of the Heidelberg mandible with Mi-M s after Schoetens k 1/1 

Figure 316. Skiagram of the male mandible (No. 101) of a palaeolithic recent man ("U r •• 
Choukoutien) with Mt-M a . 1/1. ^ a U " 

Figure 317. Skiagram of the right side of the Piltdown mandible with M, and Ma after Underwood ]/\ 

Figure 318. Skiagram of the right side of the mandible of a female gorilla (Cat. No 112) with M A 

M,. 1/1. l a D 

Figure 319. Skiagram of the left side of a mandible of a female Eskimo (ancient grave of unknown zee) 
withM,-M, . 1/1. 

Figure 320. Skiagram of the right side of a female orang (Borneo, cf. fig. 306) with M,-M3. I / I . 

Figure 321. Skiagram of the right side of a female orang (Cat. No . 247) with M»-Ma. 1/1. 

Figure 322. Skiagram of the left side of a recent Australian Aboriginal (Cat. No. 14) with M r M a . J / | . 

Figure 323. Skiagram of the left side of the Wadjak mandible II with M r M , . By courtesy of Mr G 
Pinkley. I / I v 

Figure 324. Skiagram of the left side of the mandible of recent mancf (North Chinese) with P , j £ l / l . ^ | . 
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Drydpilhecus'punjabicus after Pilgrim-Gregory. I / I . 

r p> it. o. 

)' P, rt; b. 1, m, d, o. 

Figure 325. Roots of P 1 rt viewed from the apical side to demonstrate the arrangement of the single 
branches: a, Sinanihropus 19 (fig. 64); b, gorilla cf (Cat. No. 329). 

Figure 326. P l and P* rt of Drydpilhecus punjabicus after Pilgrim-Gregory. 1/1. 

Figure 327. Sinanthropus 133 

Figure 328. Sinanthropus 130' 

* Figure 329. Outline of Pj viewed from the occlusal surface to demonstrate the oblique course of its main 

axis, a, Sinanthropus 80 Pt rt (fig. 79); b , Sinanihropus Zdansky's Pt It (fig. 84); c, Sinanthropus 

85 P, It (fig. 86); d. Krapina P , rt (fig. 93); e, Recent Man, after Lenhossek, Pi rt (fig. 85); f, 

gorilla 9 Pi rt (Cat. No. 333). 

*-' Figure 330. Sinanihropus 140' M1 It; b , 1, m, d, o. ' 

Figure 331. Gorillacf juv. (Cat. No. 336) M l rt, viewed from the lingual and mesial side and from above. 

Abbreviations: p rc= protocone; h c = hypocone; p c = paracone; mc = metacone. 

V Figure 332. Fossil orang (Yunnan) M 1 or M2 It, o. 
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Figure 333. La Quina M2 It with root after H. Martin; d. 

Figure 334. Carabelli cusps. Recent Mand* (North Chinese, Cat. No. 189). M1 It. a, from lingual side 
and above; b, occlusal view. 

Figure 335. Dryopithecus darucini Abel. Left upper molar with Carabelli pit (after Glaessner). 

Figure 336. Fossil orang (Yunnan). Right upper molar, a, occlusal view; b, Carabelli pit viewed from 

mesial and lingual side. 
T*. %' ' 

Figure 337. Ccbus capucinus. M3 It. Accessory interior cusp between protocone and hypocone. 

Figure 338. Lemur rujijrons (Cat. No. 174) M* and M2 It with accessory interior cusps. 
Figure 339. Sinanlhropo, 137'. M, It; b. d. o. ^ 'M$l% ffi$M 'M ' l i f t 

Figure 340. Sinanthropus 131' M, rt; b, I, o. 
= •• v * ' • „ > • * *• ; • * 

Figure 341. Sinanthropus mandible B 111. mi rt, No. 124* Crown broken off. Root viewed from above." 

Figure 342. Female orang. MA and Mj rt in occlusal view after Selenka to demonstrate the manner of' 
attrition. 

— " — - — — — — — - — - - • _ ^ _ « ^ _ _ _ _ _ 1 _ _ 1 _ •> • 'AftiV.^ ,v.V,:iA-. J£ , • - J . 5 , /,-.:t'\- BAti. 
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PLATE XXXVI 

Figure 343. Sinanthropus 139' m, It; b , 1. m, d, o. Abbreviations: ed = entoconid; hd = hypoconid; 
md=metaconid; msd=mesoconid; pd = paraconid; prd = protoconid. 

Figure 344. Second deciduous molar in buccal (above) and occlusal (below) view of Sinanthropus 139' (b), 
Dryopithecus rhcnanus (c), chimpanzee (d), recent American Indian (e)f compared with a 
permanent molar of an Eocene Tarsioid-Omomys—(a). All figures, with the exception of that 
of Sinanthropus (b) after Gregory (1922). (a) x 3 / 1 ; the remaining figures x 3/2. 

Figure 345. Sinanthropus left upper jaw of Locus O I. Lateral view. I1 and C restored after original 
Sinanthropus specimens. 1/1. 
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Robustness of the crowns of Sinanthropus 

Upper teeth in black; lower teeth in red. 
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Diagram 2. Robustness of the crowns of the Sinon-

thropus upper teeth (black) compared with that of 

recent man (red) and Neander thal man (red inter

rupted line J. 
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Diagram 3 . The same as Diagr. 2 compared with that 

of Australian Aboriginal (red dotted line), Japanese 

(red interrupted line) and Bushman (red full line). 
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Diagram 4. Robustness of the crowns of the Sinanthropus 

lower teeth (black) compared with that of recent 

man (red) and Neanderthal man (red interrupted 

line). 
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Diagram 5. T h e same as Diagr. 4 compared with 

Australian Aboriginal (red dotted line), Japanese 

(red interrupted line) and Bushman (red full line). 
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Diagram 6. Robustness of the crowns of the lower 
teeth of Sinanthropus (black) and the Heidelberg 
mandible (red). 
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Diagram 7. Height of the crowns of the Sinan-

thropus teeth. Upper teeth: black; lower teeth: 

red. 

k 



13 

12 

11 

10 

8 

7 
/ 

<V 
X / v\ 

r -V m \ \ \ 

\ >A \ \ x\ \ 

6 
I1 I2 C 

k 
v. X 

V V ^ ^ ^ 

p i p2 M l ^ 2 

Diagram 8. Height of the crowns of the Sinan -

thro pus upper teeth (black) compared with 

that of recent man (red) and Neanderthal 

man (red interrupted line). 
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Diagram 9. The same as Diagr. 8 compared with 

Australian Aboriginal (red dotted line), Japanese 

(red interrupted line) and Bushman (red full line). 
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Diagram 10. Height of the crowns of the Sinanthropus 

lower teeth (black) compared with those of recent 

man (red) and Neanderthal man (red interrupted 
line). 
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Diagram 11. The same as Diagr. 10 compared with 

Australian Aboriginal (red dotted line), Japanese 

(red interrupted line) and Bushman (red full line). 
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Diagram 12. Robustness of the roots of the Sinan-

thropus teeth. Upper teeth: black; lower teeth: red. 
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Diagram 13. Robustness of the roots of the Sinan-

thropus upper teeth (black) and that of recent man 

(red). 
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Diagram 14. Robustness of the roots of the Sinanthropus 

lower teeth (black) and recent man (red). 
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Diagram 15. Height of the roots of the Sinanthropus 

teeth. Upper teeth: black; lower teeth: red. 
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Diagram 16. Height of the roots of the teeth of recent 

man. Upper teeth: black; lower teeth: red. 
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Diagram 17. Height of t'ne roots of the Sinanthropus 

upper teeth (black) and that of recent man (red). 
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Diagram 18. The same as Diagr. 17, compared with 

Australian Aboriginal (red dotted line), Japanese 

(red interrupted line) and Bushman (red full line). 

90 



23 

22 

21 

20 

19 

18 

17 

16 

15 

14 

13 

12 

Ii C P, P, M, M. M3 

Diagram 19. Height of the roots of the Sinanthropus 

lower teeth (black) and that of recent man (red). 
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Diagram 20. The same as Diagr. 19, compared with 

Australian Aboriginal (red dotted line), Japanese 

(red interrupted line) and Bushman (red full line). 

92 



I2 C M1 M2 M3 

Diagram 21 . Decrease of the robustness of the crowns 

(red) and roots (black) of the upper teeth of recent 

man expressed in percentage of the respective 

values for the Sinanthropus teeth. 
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Diagram 22. The same as Diagr. 21 for the lower 
teeth. 
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Diagram 23. Predominance of robustness of the 

crowns (red) and roots (black) of the upper teeth of 

Sinanthropus expressed in percentage of the respec

tive values for recent man. 
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Diagram 24. The aamr as Dia^r. J) (or tl.r Umtr 

teeth. 
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Diagram 25. Length (mesio-distal diameter) of the 

crowns of the upper teeth of Sinanthropus (black) 

and recent man (red). 
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Diagram 26. The same as Diagr. 25 for the 
lower teeth. 
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Diagram 27. Breadth (buccal-Ungual diameter) of the 

crowns of the upper teeth of Sinanthropus (black) 

and recent man (red). 
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Diagram 28. The same as Diagr. 27 for the lower 

teeth. 
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Diagram 29. Length-height index of the crowns of the 

upper teeth of Sinanthropus (black) and recent man 

(red). 
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Diagram 30. The same as Diagr. 29 compared with 
Australian Aboriginal (red dotted line), Japanese 
(red interrupted line) and Bushman (red full line). 
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Diagram 31. The same as Diagr. 29 for the lower 
teeth. 
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Diagram 32. The same as Diagr. 31 compared with the 

Australian Aboriginal (red dotted line), Japanese 

(red interrupted line) and Bushman (red full line). 
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Diagram 33. Decrease of the roots in length (black) 

and breadth (red) of the upper teeth of recent 

man expressed in percentage of the respective 

values for the Sinanthropus teeth. 
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Diagram 34. The same as Diagr. 33 for the lower 

teeth. 
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Diagram 35. Decrease of the height of the roots of 

recent man expressed in percentage of the respec

tive values for Sinanthropus. Upper teeth: black; 

lower teeth: red. 
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Diagram 36. The ratio of the robustness of the roots 

of the upper teeth in relation to that of the crowns. 

Sinanthropus: black, recent man: red. 
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Diagram 37. The same as in Diagr. 36 for the 

lower teeth. 

109 



Diagram 38. Robustness of the crowns of Sinanthropus 

lower teeth of male and female individuals (black) 

compared with recent man—Japanese (red) after 

Mijsberg (1931). Males full lines, females 

interrupted lines. 
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Diagram 39. The same as in Diagr. 38 compared with 

New-Pommerians of today after Janzer (1927). 
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Diagram 40. Robustness of the crowns of the upper 

teeth of Sinanthropus (black) and chimpanzee 9 (red) 

and cf, respectively (red interrupted line). 
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Diagram 41. The same as in Diagr. 40 for the lower 
teeth. 
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Diagram 42. Robustness of the crowns of the upper 
teeth of Sinanlhropus (black) and gorilla 9 (red). 
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Diagram 43. The same as in Diagr. 42 for the lower 
teeth. 
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Diagram 44. Robustness of the crowns of the upper 

teeth of Sinanthropus (black) and orang $ (red). 
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Diagram 45. The same as in Diagr. 44 for the 
lower teeth. 
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Diagram 46. Height of the crowns of the upper teeth 

of Sinanthropus (black) and female gorilla (red). 
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Diagram 47. The same as in Diagr. 46 for the lower 

teeth. 
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INTRODUCTION 
i 

Among the remains of fossil man the jaws have at all times occupied a prominent place. I recall the jaw 
of La Naulette found in 1866 which for a long time was the center of interest and later in 1880 the jaw of 
Schipka which was not less intensively discussed. Still later, namely in 1907, the jaw of Heidelberg 
received the widest attention and then in 1914 and 1916 the jaws of Ehringsdorf. Numerous discoveries of jaws 
were made in connection with skulls and other skeletal remains. Of these the jaws of Spy found in 1886 deserve 
special mention as well as those ten jaws of Krapina recovered from 1900 to 1905. Considerable attention 
was also given to the jaw of Piltdown unearthed in 1912, while the jaw fragment of Kedung Brubus recovered 
by E. Dubois in 1890 and considered by him as being related to Pithecanthropus was neglected without any 
apparent reason. . 

In Table I a list is given of all the jaws known at present and considered as belonging to 
fossil hominids,' with the exception of those which are necessarily attributed to Homo sapiens. The determination 
of age and sex is made partly according to the respective authors and partly according to Hrdlicka (1930). As 
to the literature cited this is also taken from Hrdlicka. 

All these jaws are related by. the fact that they are thick and bulky compared to those of recent man, 
and that the relief of their surfaces is strongly developed and the chin (mentum osseum) absent. Nevertheless, 
great differences do exist, namely in size, in the shape of the dental arcade, and in structural details. Accord' 
ing to the general opinion they represent a single morphological and palaeontological group—except the jaw of 
Heidelberg and that of Piltdown. The Heidelberg jaw is attributed to the Neanderthal group (Homo piimigcnius). 
Hitherto, it was always considered a distinct type. The jaw of Piltdown in the pithecoid characters of which all 
scientists agreed has been combined with the fragments of a brain case found at the same site and together they 
are considered to belong to a distinct hominid type called Eoanthwpus Dawsoni. The jaw fragment of Kedung 
Brubus has as yet not been given any definite recognition. 

In comparison with all these jaws the Sinanthropus mandible of Choukoutien may claim special interest. 
According to previous statements chiefly dealing with the skull (Locus E skull) Sinanthropus represents a hominid 
which differs in principle from Neanderthal man by essential characteristics and one which exhibits distinctly more 
primitive features. The morphological descriptive separation from Homo primigenius and the establishment of a 
new type, namely Sinanthropus, therefore appears to be justified. I fully agree with Davidson Black in this 
regard and have recently (1936) been able to present all the details which prove that Sinanthropus is distinctly 
a type of its own. As I have shown in the same publication, apart from all other details the teeth really con
stitute the decisive factor for such a classification. 

Viewed from this standpoint the question arises as to what extent the jaws also fit into this frame, to what 
degree the primitiveness of the type is manifest in the jaws and how much they differ from those of the Nean
derthal group and that of Heidelberg man. The answer to these questions is facilitated by the fact that the frag
ments of not less than eleven jaws are at hand of which six are juvenile and five adult of both sexes. All jaws 
were recovered from Locality I, and, although from various layers, display the same basic feature* so that they 
form a uniform group in contrast to other known fossil jaws. 

i : r t f r»^5 : &V : ' j £ . %&r$'tlf&%'.&{• £«>-*fc '^•**?. ;>-**SHpfwtt^r^^U^'^J^yXi^ ' i^k^r^ '$&£<*«*$ *^Sri-£ 
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TABLE I 

Locality 

A. Juvenile mandibles: 

Schipka 

Nrapina A ] 

Krapina B ) 
f 

Krapina C) 

Le Moustier 

Ehringsdorf 

Gibraltar 

B. Adult mandibles: 

Year of 
discovery . First Describer 

raltar 

5 .*$ i . ' # i ^ ^ 

La Naulette 

Spy I 

Spy II 

Banolas 

Malarnaud 

Kedung Brubus 

Krapina D ^ 

Krapina E 

Krapina F 

Krapina G ) 

Krapina H 

Krapina 1 

Krapina No. 16 J 

Heidelberg 

La Chapelle-aux-Saints 

La F errassie 

La Quina -fa 

Piltdown 

Ehringsdorf 

1880 

1900-1905 

1908 

1916 

1926 

*35$v4;*£ 

} 

1866 

1886 

1886 

1887 

1889 

1890 

1900-1905 

W*$?p£ 

1907 

' 1908^ 

1909J 

1912 

1912 

1916 

Maska 

Gorjanovic-Kramberger 

Klaatsch u. Hauser 

H . Virchow 

Miss Uarrod 

Uupont 

Fraipont and Lohest 

Obermaier (1915) 

Fiehol 

E. Dubois 

Gorjanovic-Kramberger 

bcnoetensack 

Boule 

H. Martin 

Dawson & Woodward 

G. Schwalbe, H. Virchow 

Age Supposed Sex 

8-9 

7 

8 

13 

16 

10 

• * :' 

^ $ # 
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0^£M'} 

? 

$M ? IS 
cf 

* M 
(f 

lit 9 I: 
9 

• • ' . * . ? • * - ' • cf 
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.1 * I' 
9 

cf 

W) cf 
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™- W/ JKrfrfenrefcfc.—Sinanlhopus mandible* lm) \\ 

In Table II all Snian/Upiu Jaw* are listed according to site of recovery, age and sex: 

A. Adult Sman/riropos jaws of Locality 1 of Choukoutien. 

i 
1 

2 

3 

4 

5 

Locus 

A 

B 

G 

H 

H 

• 

No. of the 
individual* 

II 

II 

I 
•'/;£• *,.-;. *'4 v 

I 

*&'*i?£$$(i< '• 

IV 

,:.:/. 

Sex 

9 

cf? 

cf 

9 

:•/'.*,. 
* . i" A .* . 

9 ? 

Specimen 

Part of the right moiety 
•• if'' C'' •* 

- «t. '• •' *£vV!}i»v 

Left condyle • 

3 pieces of the left and 
right moieties. . 

-V'-'-Vr* 
Frontal part and right 
moiety 

.•vh-:>»**w/' ?/!•* . 
.;* •£ i £;££j /{£ .*••).-- \fV;-3?V*"-' 

Fragment of the frontal 
and both adjoining parts 

Previously 
described 

law Locus A : 
Davidson Black, 
1929. 1931, 1934. 

. • 

Jaw Loc. G I 
6c II: Davidson 
Black. 1931. 1933. 
1934. 
Jaw of the upper 
travertine: P.Teil-
hard de Chardin 
& W. C. Pei 
(1934). 
Jaw Locus HIV: 
Weidenreich, 
1935. 

Plate-Figure reference 
in this publication 

PI. I. figs. 1-6; PL X. 
fig. 3. 

?'r-a-:* T.r:**": 

| V^*JJS^vJ^JjSfe' 
PI. IV. figs. 1-4; PI. 
V. figs. 1-5; PI. X. 
fig. 1; PI. XII. fig. 4. 

PI. VII. figs. 1-5; PI. 
VIII. fig. 2; PI. X. 
fig. 2. ,, 

,'•>!': ^?/--'«9,-,'£^ 

PI. IX, figs. 9-12. 
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B. Juvenile Sinanthropus jaws of Locality I of Choukoutien. 

1 A -»T 

:V*"-

w \ 

#£>: 
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1 

2 

3 

.4 

5 

6 

Locus 

B 

B 

B 

B 

C 

F i 

No. of the 
individual11 

I 

I 

III 

VI 

V 

I 
\ ;.'/:fr-X4v;^'. ' 

I 

\'0M0: 

Age 

8-9 

8-9 

5-6 

11 

8-9 

8-9 

Sex 
i 1 

~ 1 
9 

1 
cf 

9 

cf 

9 

cf 

Specimen 

Frontal part 6c 
right moiety 

Fragment of 
right moiety 
Fragment of . 
right moiety 
Frontal part 6c 
part of right 
moiety 
Fragment of 
right ramus 

Fragment of 
right moiety 

Previously 
described 

Jaw Loc. B: Da
vidson Black. 1929. 
1931. 1933. 1934. 
F. Weidenreich, 
1935 
F. Weidenreich, 
1935 
F . Weidenreich, 
1935 

Jaw Loc. C: 
Davidson Black. 
1931, 1933. 1934, 
Jaw Loc. F: 
Davidson Black, 
1931. 1933, 1934. 

PI, ate-Figure reference 
in this publication 

PL 
PI. 
PI. 
PI. 

PI. 

PI. 

PI. 
PI. 

PI. 
PI. 

II. figs. 1-7; 
VI. figs. 1 6c 5; 
Vlll . l ig. 1. 
VIII. figs. 8-13. 

VIII. figs. 3-7. 

IX, figs. 1-8. 

HI. figs. 1-4; 
VI, fig. 2 

111, figs. 5-8; 
VI. fig. 3 

?•• 't". • 

•Vft 
• ; , > 

rr *> 

£*efc 
« .^ 

w'Jv; 

•••*•>: V : 

^ • ' ' r i . V ^ o P 

* cf. Table It in my paper enliiled "The Sinanthropus population. . . . ", Bull. Geol. Soc. China. Vol. XIV, No. 
4, 1935. 
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Since die morphological significance of the jaws can only be ascertained by comparing the latter with jaws of 

fossil and recent man on one hand, and with those of anthropoids on the other, I have laid special stress on such 

a comparison in this study. 

The comparative morphology of hominid jaws constitutes a special problem. Assuming the theory to be 
correct that recent man developed from a primitive primate corresponding approximately to the general stage of evolu
tion of the anthropoid of today, then it may be expected that the jaws, especially in regard to the degree of 
prognathism, in the shape of the symphyseal region and in the form of the dental arcade approach 
this stage more closely the further their type is removed from that of recent man. The same holds good for 
the teeth. In this respect the discovery of the Heidelberg jaw played an important role. Since, apart from its 
size and bulkiness the Heidelberg jaw does not differ appreciably from the jaws of the Neanderthal group and 
since according to the geological conditions the Heidelberg jaw seems much older and more primitive than those 
of the Neanderthal group, many authors reached the conclusion that such an interpretation was wrong, that is to 
say, that the hominid jaw even in the early stage of its phylogenetic evolution could not have been too far 
removed from the type of recent man. The relative smallness of the teeth, especially of the canine of the 
Heidelberg jaw, somewhat supported such an assumption. It needed only a small step forward to reverse the theory 
completely and to pretend that the anthropoids of today are the unilaterally specialized descendants of an original
ly human-like hominid. 

In regard to the jaw Bolk (1926) maintained that the first form of hominids and anthropoids had a 
"mesogeneiotic" jaw from which the human jaw developed in an ortho- and ophthognalhous direction, and that of 
the anthropoids into a prognathous form. Yet 1 have been able to show (1934) that all comparative facts on hand 
contradict Bolk's suggestion and that originally the hominid jaw must have been as prognathous as that of the 
anthropoids. Furthermore, I have proven that, according to the understanding of evolution as advocated particular
ly by G. Schwalbe (1923), the jaw of recent man resulted from a progressive reduction, especially in the region 
of the "p* e l a c l e aF teeth, manifesting itself primarily in a retraction of the front teeth and as a consequence 
thereof in a projection of the chin (mentum osseum). Finally, I was able to demonstrate that this reduction and 
change is only part of the general transformation of the whole skull. The original relation of small brain-case 
and a large masticatory apparatus has been reversed during phylogenetic evolution. 

" Beyond doubt Sinanlhropus pekJnensis represents the most primitive and geologically speaking the most 
ancient hominid known hitherto. With sufficient material of brain cases, jaws and teeth preserved, its completeness has 
enabled us to form a better judgement of the questions raised above. Although in this publication I refer to .the 
jaws only, the statements in regard to the problem as a whole also have to be included. 

I. DESCRIPTION OF THE INDIVIDUAL FRAGMENTS 

In the description of the specimens I shall follow the order adopted in Table II of my previous pub

lication (1935), first describing the adult and then the juvenile jaws. 

A. ADULT JAWS: •;H*W>-:* 

1. Jaw A II (Jaw Locus A), Plate I, figs. 1-6; Plate X, fig. 8. This fragment was recovered from 
Locality 1 towards the close of the 1928 excavations. It is highly mineralized and deeply pigmented (David
son Black, 1933). The specimen comprises the greater part of the right body of the lower jaw, its posterior part 

•'•i&:0 
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beginning at about 10 mm. behind Ms, just at the site of attachment to the ramus which is missing entirely, and 
in front it ends at about the middle of the alveolus of Is. The three molars are in situ: the first one is slight
ly damaged on the lingual side, the third one is evidently smaller in length and breadth than the other two 
molars. All three teeth are rather strongly worn. The alveoli of both premolars, the canine and the distal half 
of that of the lateral incisor are preserved. The lower margin of the body is intact only in the region below the 
second premolar. Behind this region it is broken off. '••*'. 

The height of the preserved part just at the frontal margin of the foramen mentale between Pi and Pi 

is 25.5 mm. The thickness in the region of the second molar is 15.7 mm. 
! - • • • • * . 

H-^': 

2. Jaw B II. This fragment was found in 1935 during the preparation in the laboratory of material 

from sub-locality B excavated in 1928 by Birger Bohlin. Like all the other, findings of this sub-locality the speci

men is highly mineralized. 

**%?-- J*.J» t ; !.'V 
The specimen consists of a left condyle and neck. It is compressed in an anterior-posterior direction 

and both the lateral and medial parts are broken off. 

• 

M 

On account of the fragmentary condition of Jaw B II no illustrations are given. 

3 . Jaw G I (Jaw Locus G I and G II), Plate IV, figs. 1-4; Plate V , figs. 1-5; Plate X , fig. I; Plate XII , 

fig. 4. This jaw is composed of three fragments two of which have already been desciibed by Davidson Black 

(1931, 1933). Black designated one as Locus G I and the other as Locus G II because he believed them to 

belong to two different individuals, though he also conceded the possibility that they might represent parts of a . 

single jaw specimen (1933). Both fragments were recovered by W . C. Pei during the summer 1931 within the . 

so-called Quartz Horizon 2 of the Kotzetang Cave of Locality 1 and were found on the same level at a distance 

of about 80 cms. from each other (compare W . C. Pei, 1931). The third piece was collected later from material 

derived from the same place. 

.?*& ;>£d/>t: '?%*<&&, \£%£;^ 
All three specimens are lightly mineralized, the first and second being dark-brown in colour, and the third 

one considerably lighter. The first fragment (Black's jaw G I) comprises the whole left side of the body 
including the anterior part of the whole ramus with the coronoid portion—with only the top of the latter missing— 
and the complete set of teeth from the last molar to the medial incisor. The front end is broken off in an 
oblique line running from the alveolar border in the region of U to the lower margin of the jaw body which 
it reaches in the level of the first premolar. 

" •••? >«>;£ V*-"* 

Ihe second fragment (Black's jaw G II) is of the right side and comprises the complete ramus with both 

condylar and coronoid portions together with the alveolar part of the second and third molar. The line of the 

broken surface runs obliquely from a point in front of the second moiar to the jaw angle. Both molars are 

preserved but rather worn and the crown and neck of Ma are damaged. The defects of the latter were filled 

with celcrit by Davidson Black. A small part of the margin of the mandibular notch is missing. 

The third fragment is a very small piece and comprises the left first premolar with the adjoining part of 

the lingual surface of the lower jaw. The whole labial part is broken off so that only the lingual walls of the 

alveoli of the canine and those of both premolars are partly preserved. The tooth is worn. 

All three fragments are very robust and thick, the larger ones being very high. The height of the 
first fragment measured in the same region as in the case of jaw A II (see above) is 34.4 compared to 25.5 mm in 

- • 
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the latter. The greatest thickness in the area of the second molar is 18.0 mm in the fragment of the 1 ft 
side while in that of the right side it is 18.3. The thickness of the bone in the middle of P, is 16.3 in m " 
fragment of the left side of the jaw and the same in the tliird fragment. In both specimens the labial wall Jf 
the alveolus is missing. 

Notwithstanding the opinion expressed by Davidson Black, I believe (1935), that the fragments of the two 
different sides of the jaw (G I and II) as well as that found later belong to one and the same individual. Th 
reader is referred to the explanations given below in support of such an assumption (p. 18). 

i £ v * * ? 4. Jaw H I, Plate VII, figs. 1-5, Plate.VIII, fig. 2, Plate X , fig. 2. This lower jaw was 
recovered during the 1934 spring excavations of the '*Upper travertine'* layer of Locality II by Mr. W C P * 
(Teilhard de Chardin and Pei, 1934). This layer proved to be very rich in carefully worked implements and 
was later designated as Locus H . The fragment in question represents the complete right half of a jaw with 
body and ramus. Only the margin of the mandibular notch is missisg. The condyle is damaged: the inner part 
is cracked, the outer part is partly broken off. The symphyseal part of the jaw is preserved and intact. The 
line of the broken surface runs from the middle of the alveolus of the lateral incisor in oblique direction to the 
lower margin in the region of the first premolar. 

The third molar is preserved and very strongly worn. All other teeth are missing but the alveoli are 

well preserved, with the exception of the outer border of the alveoli of the first and second molars and both 

medial incisors which are broken off. 

This jaw resembles quite closely that listed as A II, not only in size, but also in height and thickness. 

The height in the region between Pi and P a is 27.5 mm, the thickness in the region of M3 15.4 mm. 

5. Jaw H IV, Plate IX, figs. 9-12. This fragment was found in the laboratory in 1935 while preparing 

the material derived from sub-locality H which was excavated by Mr. Pei in 1934. 

The fragment comprises the frontal part of the lower jaw and the upper part of the right side including 

the first molar. The left side is badly damaged. The whole exterior wall is broken off beginning with the lateral 

incisor to about the region of the mandibular foramen. Nothing else is preserved but the inner surface with a 

height of approximately 1.5 cm and a thickness of about 0.3 cm. The front part of the lower border is also broken off 

quite extensively. As to teeth, those of the right side from the lateral incisor to the first molar are preserved. 

The teeth are very strongly worn and the entire chewing surface consists of secondary dentine. The exterior parts 

of both premolars are broken. The alveoli from the right medial incisor to the left second premolar are 

recognizable by their interior wall which are partly preserved. 

» This fragment resembles both in the height of its frontal part and its thickness the jaw specimens 

designated as H I and A II. It is very highly mineralized. 

B. JUVENILE JAWS: 

I t 1. Jaw B I (Jaw Locus B). Plate II, figs. 1-7; Plate VI , figs. 1 &5. Plate VIII, fig- J- l « J « » 

'and 1933 Davidson Black gave a detailed description of the finding and preparation of this lower j ^ 

during the summer excavation of 1928. Originally the jaw fragment consisted of W> parts, namej 
part comprising the rather well preserved and complete symphysis region and a postenor par embracng g^ 

adjoining body together with the ramus. • Although this latter part was broken into several i,.< ,cs . 

^^^^^M^m^^msswMS$mm$^m 
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reconstruction of it was possible. In figs. I and 2 (Plate II) the fractures can be seen. In regard to teeth, the 
permanent incisors were found fixed in the symphyseal part, but the deciduous teeth and the germs of both 
permanent premolars of the right side were mixed with other bone fragments. The crown of the first permanent 
molar was broken off but its root was preserved within the original piece of bone. Davidson Black gave an * 
illustration of the partly restored jaw without these milk molars and the crown of Mi so that the unerupted 
permanent premolars can be seen (fig. 5, Plate II). In the completely restored jaw the canine, milk molars and 
the first permanent molar have been fixed with wax in their original -positions. 

The restored jaw therefore comprises the symphysis region beginning with the left canine, the whole body 
and the greatest part of the ramus of the right side. . Only the coronoid process and the pertaining part of the 
ramus are broken oft. Also the main part of the condyle itself is missing. 

The milk teeth are rather worn, but the first permanent molar and the incisors only show a slight wear. 
I removed again a part of the restored piece and extracted both premolars so as to be able to study them carefully. 

2. Jaw B III - Plate VIII, figs. 8-13. This fragment was discovered in a travertine block of Locus 
B excavated by Mr. Pei in 1932. It was partly prepared in April 1935 and consisted of two pieces which I 
fitted together. The restored fragment represents a part of the right side of the body beginning just in the 
middle line and ending behind the first permanent molar. Both ends are damaged, especially the posterior end. 

All teeth are preserved, at least by their roots. Hie crowns of both incisors are broken off, these being 
the permanent ones. The crown of the canine (milk canine) is likewise completely missing. The second milk 
molar is totally preserved, but rather worn. Of the first milk molar the greatest part of the crown is broken off. 
Very well preserved and not worn is the first permanent molar which had just erupted. 

3 . Jaw B IV, Plate VIII, figs. 3-7. This fragment was recovered in the laboratory in 1935 during 
the preparation of material frcm Locus B excavated by Birger Bohlin in 1928. It comprises the right side of ths 
body beginning with the middle line and ending behind the first permanent molar. All teeth, with the exception 
of the latter, are preserved, representing together the entire set of the deciduous teeth of this side. The first 
permanent molar was just in the stage of erupting but is completely broken off; a few splinters can be observed 
to adhere to the upper surface. 

The symphysis region is damaged on the inner side. The lower margin only is preserved in the level of 

the canine. Behind this it is broken off. 

4. Jaw B V, Plate IX, figs. 1-8. Like jaw B IV this fragment of the lower jaw was also discovered 
in the laboratory in 1935 during the preparation of material from Locus B collected by Birger Bohlin in 1928. 

The fragment comprises the symphysis region and the adjoining part of the right side of the body up 
to the distal point of the second premolar. On the left side only the inner wall of the body is preserved up to approxi
mately the second premolar. The exterior wall of this part is broken off. The lower margin is only preserved on the 
left side from the middle line up to the level of the first premolar. Both the exterior and the interior surfaces 
of the symphyseal part are slightly damaged. In regard to the teeth, the four permanent incisors are preserved 
but slightly worn. One half of the right canine is erupted while the left one is cutting the gum. Since the 
outer wall is broken off in this specimen, the tooth may be seen in its natural position in the bone. The right 
first premolar has just erupted. In place of the second premolar there is the second milk molar which it 
rather strongly worn; below this the second permanent premolar was exposed. I removed it for the purpose of 
making a better study. 
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5. Jaw G I (jaw Locus C), Plate III, figs. 5-8; Plate II, fig. 3 . This fragment was found among 
the fossiliferous material excavated in 1929 from Locus C of the north "Lower fissure.*' 

It is a very small piece and comprises only the region of the angle of the right side from the interio -
posterior margin until the alveolar surface. On the latter there is visible one unerupted molar. 

Davidson Black believed this tooth to be a third molar while I consider it to represent a second mol 
(Weidenreich, 1935). Further reference will be given in the following pages. 

6. Jaw F I (jaw Locus F), Plate III, figs. 5-8; Plate VI, fig. 3 . In 1930 Mr. Pei discovered this 
specimen in situ in the "Lower Cave. 

It comprises the posterior part of the right side of a lower jaw beginning immediately in front of the 
first molar and embracing the whole ramus. The top of the coronoid process and a small piece of the angle are 
broken off as is also the posterior wall of the condyle. 

As to the teeth preserved, the first permanent molar is in situ and only slightly worn. Behind this the 

mastication surface of the second permanent molar is to be seen but the tooth still is completely embedded in 

the bone. 

II. GENERAL APPEARANCE AND AGE OF THE JAW SPECIMENS 

The four adult jaws — the specimen listed as B II being excluded on account of its small size — reveal 

very clearly different types, namely a small one and a large one. The latter is represented by jaw G I, the 

former by jaws A II, H I and H IV. ; 

These differences can be seen quite clearly by comparing the height of the body of the two respective 

types. As stated above, G I has a height of 34.4 mm just in front of the mental foramen while A II only 

has a height of 25.5 mm and H I one of 27.5 mm. In H IV the lower margin of this point is broken off 

so that the height cannot be determined at this particular point, but instead that of the symphyseal region is taken 

which reads 30.9 mm. H I is slightly higher (32.3 mm) in this region, while in G I this height is approxi

mately 40 mm. 

It is important to note that the differences in thickness are not so great but nevertheless evident. The 
greatest thickness in the region of Mi in G I is 17.3 mm, in A II 15.4 mm, in H I 14.9 mm and in H IV 
15.7 mm. 

The size of the teeth corresponds very distinctly to the degree of robustness of the jaws. Because in 

the case of H I Mi is missing, I made use of the length and breadth measurements of the relevant alveolus. 

'&. 
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TABLE III 

a. Size of the a i i pi 
lveolus of Mi 

_ i 

w^liiLi 

G I 
A II 
H I 
H IV 

Length Breadth 

11.4 
10.0 
10.9 

. 10.9? 

11.6 
10.1 
8.7 

10.7 

Length x 
breadth 

132 
101 
95 

117 
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b. Size of Mi 

G I 
A 11 
H IV 

Length 

12.2 
11.2 
10.9 

Breadth 

12.7 
11.2 
11.0 

Length x 
bieadlh 

155 
125 
120 

l»0 17 
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In my paper on the Sinanthropus population (1935) I already called attention to the fact that extra
ordinary differences in size of teeth existed in Sinanthropus and that such was true for all kinds of teeth* .1 con
sidered these differences as dependent upon sex and therefore attributed the large teeth to the male and the small 
ones to the female sex. 

Since these differences in the size of the teeth completely conform to those observed in the size and 
robustness of the jaws, there can be no doubt that my assumption is correct. Therefore jaw G I must belong to 
a male individual and the jaws A II, H I and H IV to females. 

As to the age, all that can be stated is that all four jaws belong to adult individuals. If the degree 
of attrition is a reliable means of determining the age. then the individuals of H I and H IV were very old 
and in any case older than those of jaws A II and G I, both of which may have been of approximately the 
same age. ;:** 

For the determination of the exact age of the six juvenile Sinanthropus mandibles the dentition serves as 

the best basis. However, it should be remembered that the ages of the individuals concerned which are found by 

comparison with corresponding specimens of recent man may not indicate their actual ages, for the possibility 

cannot be excluded that in Sinanthropus as well as in anthropoids of today the process of the entire dentition requires 

a much shorter time than in recent man. Hence the ages indicated herein present nothing else but a scale for the 

relative differences in age when comparing the juvenile mandibles with each other or with the adult individuals of 

the same hominid type. 

The age of the individual Sinanthropus B I is estimated to be 8-9 years, since the first permanent molar and 
the permanent incisors on the one hand and the milk canine and the two milk molars on the other compose the 
set of teeth (Plate II, fig. 1, 2 , 3, 5-7). The skiagram (Plate VI, figs. 1, 5) reveals that the germs of the 
permanent canines, the two premolars and the second permanent molar are present within the jaw in their corre
sponding sites of lodgement, both premolars having been subsequently replaced by Davidson Black (see above). 

The age of the individual B III is about the same as that of B I. The crowns of the permanent incisors 
are broken off (Plate VIII, figs. 8-10) so that it is difficult to recognize their character by superficial examination. 
However, the fact that we are dealing with the permanent teeth is proven by the thickness of the preserved tooth 
necks and by the skiagram (fig. 10) not showing the presence of germs in the respective sites. This skiagram 
reveals the same conditions for the germs of the permanent canine and for the two premolars. The first molar is 
erupted and very slightly worn, although it has not yet completely reached the level of the masticatory surface. 

Sinanthropus jaw B IV represents a much younger individual. It has all the milk teeth (Plate VIII, figs. 

3-7) which are slightly worn.' The first permanent molar must have been in the stage of crupt.on since the empty 

cavity in which it was embedded is still exposed (fig. 7). and several splinters can be seen to adhere to the 

surface. The skiagram (fig. 5) exhibits all the germs of the permanent teeth from Ii up to Pa- Hence the child 

B IV must have been approximately 5-6 years old. 
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Sinanthropus jaw B V presents a more advanced stage of dentition (Plate IX, figs. 1-8). Not only the 
permanent incisors but also the first premolar ore in their definite sites. Both canines are just erupting. Only the 
second milk molar is stilL present, the second premolar being exposed below the former. The skiagrams (figs. 3 
and 8) demonstrate those teeth which have partly erupted or not yet erupted.__ The age.of this child is therefore 
about 11 years. 

Sinanthropus jaw C I only represented by the region of the angle of the ramus and the germ of a molar 
exposed with its masticatory surface (Plate HI, figs. 1-4) was considered by Davidson Black as that of an adult 
individual because he took the molar in question for Ma. However, the size of the whole fragment C I cor
responds almost exactly to the respective region of the child jaw F I and differs considerably from those of the 
two adult Jaws H I and G I, and it should be noted in this connection that the ramus of H I is smaller than 
that of the jaw G I. Jaw C I therefore cannot belong to an adult individual. Hence the germ of the molar 
is that of Ma and since M3 does not appear on the skiagram (Plate VI, fig. 2) the individual in question cannot 
be older than 8 or 9 years which again agrees fully with the size of the fragment. 

The age of the Sinanthropus individual F I is almost the same as that of the individual C I. The first 
permanent molar is in its definite position and already worn. The second permanent molar seems to be just 
erupting (Plate III, figs. 5-7). The skiagram (Plate VI, fig. 3) shows the latter tooth more in detail. The 
germ of the third molar is not yet recognizable. The skiagram of a modern North Chinese child (Plate VI, 
fig. 4) reveals the same feature, and in this case also the germ of the third molar is not yet developed. Jaw F I 
must therefore belong to a child of about 8-9 years. 

As to the sex of the juvenile Sinanthropus mandibles there is no other reliable criterion for the determina
tion available but the size of the permanent teeth. The robustness of the jaws themselves is also an uncertain 
factor because of lack of sufficient preserved material of different corresponding ages. As listed in Table II (p. 9) 
I believe the mandibles B I, B IV and C I to be those of female and the mandibles B II, B V and F I 
those of male individuals. 

S 8 l l l | S l ^ ^ 3 S & S 01, RECONSTRUCTIONS ^^$$^ffMW^^MM 
In order to understand better the characteristic appearance of the jaws and also to demonstrate clearer 

the differences of size and sex, I have made a reconstruction of the three best preserved jaws, namely that ot 
jaw G I as representative of the Sinanlhropus male, that of jaw H I as representative of the Sinanthropus female 
and that of jaw B I as representative of the Sinanthropus child of about 8-9 years. , 

a. Jaw G I (Plates XI-XV, fig. I and Plate X , figs. 7 and 8). As mentioned in the description 
of this jaw given above, Davidson Black at first (1931) did not believe that the fragment of the left side (G I) 
and that of the right (G II) belonged to the same jaw and individual. He believed the degree of attrition 
to be different in Ma and M3. Yet in a later publication (1933) he admitted the possibility that the two 
specimens nevertheless might be parts of the same jaw. 

I regard this latter opinion as the more probable one. Firstly, as stated above, on account of the finding 
conditions described in detail by W . C. Pei (1931) and illustrated in his figures A and B, p. 118. Both frag
ments were namely lying on the same level within a distance of only 80 cm. Furthermore, both fragments exhibit 
the same degree of roubstness and their rami—as far as they are preserved — are of the same height, the only 
difference is that the right coronoid process and the anterior border of the ramus is slightly thicker and broader 
than the left one. In conformity with this appearance the lingual alveolar border in the region of Ma and Mi 
is slightly more protrudirfg on the right side than on the left one. Yet these differences in no way exceed the 

2S 
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degree of asymmetry very frequently found in recent man, the right side exceeding the left one. As to the size 
of the molars (Ms and M3) of both sides, the difference is insignificant: the right Ma is 0.3 mm and Ma 0.5 mm 
longer than the left molars, the breadth being the same in both (Plate IV, fig. 3 and Plate V, fig. 5). It is 
difficult to judge the right M3 with regard to attrition as the greatest part of the chewing surface is broken off 
and replaced by an artificial filling material during the course of preparation. Only a narrow brim slightly broader 
on the labial side is preserved. In these preserved regions no difference is recognizable either in the degree or 
in the kind of attrition. 

However in regard to M3 there really is a difference. It is true that the general degree of attrition is 
the same in both teeth but the right one is slightly less worn in the region of the anterior lingual cusp than the left: 
This condition is the only difference to be observed. Incidentally, the third molars of a mandible of our pre
historic Kansu series (No. 400/1) exhibit almost exactly the very same differences. The same is furthermore also * 
true in the case of a female gorilla in our collection (No. 328). 

I therefore do not believe that the slight deviation in kind of attrition justifies the attribution of the two 

fragments to different mandibles and individuals. 

Still another fact is to be added. Several months after the recovery of the two fragments mentioned above 
a right lower premolar and a small piece of a mandible (textfig. 39) was found in the loose material from the 
same site which was brought to the laboratory for preparation. The bone fragment turned out to be a part of the 
lingual side of the lower jaw with parts of the walls of the alveoli of C, Pi and P2. The isolated Pi fitted perfectly. 
Both tooth and bone fragment agree completely in size and robustness with the corresponding parts of the well pre
served left moiety (G I). The small fragment in particular shows the characteristic exostosis — torus mandibulars — in 
the region of the interior alveolar border (cf. p. 52 & ffy The size of the right Pi and the kind and degree of attrition 
are precisely the same as in the case of Pi and the left side which was embedded in the jaw. Therefore, there 
can remain no doubt that this specimen belongs to the same mandible as the fragment of the left side (G I). 

This bone fragment and the relevant Pi were not mentioned in Davidson Black's publications. 
• 

Although Davidson Black was not positive that G I and G II belonged together, he nevertheless attempted 
to make a reconstruction of the jaw in the form of a drawing (1933, figs. 42 and 43; 1934, fig. 14). As the symphysis 
was missing and therefore the exact form of the dental arcade in the frontal part uncertain, Davidson Black used 
the preserved symphyseal part of the juvenile mandible of Locus B (B I) as a standard and modelled the adult 
jaw after the juvenile one. 

<£:.^-

Since we now have that small piece with a part of the alveoli of C, Pi and P2, the reconstruction 
of the symphyseal part has been simplified, for this fragment reveals not only a part of the right interior surface 
of the jaw but also the degree of its curvature as far as the distal margin of I*. To the fragment of the left side 
there sfill is adherent a very small piece of the right side just immediately behind the right Ii so that in reality not 
more than about 2 mm in length of bony substance is missing in the gap between the left fragment (G I) and 
the third alveolar fragment. 

Furthermore, it is important that the entire dental arcade of the left side from M3 to Ii is preserved. This 
arcade takes a remarkably flat course in its anterior segment and differs very considerably by this fact from the 
jaw of Heidelberg, and those of the Neanderthal group. These latter are appreciably bent mesially from Pi in 
a frontal direction (textfig. 77). The frontal part of the arcade must therefore have been very narrowly curved. 
The almost completely preserved interior rounding of the alveolar part points to the same supposition. As the 
body of the jaw is relatively long the more or less wide frontal part of the dental arcade must induce a 

,£•<& 
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correspondingly wider width between the condyles. But this distance cannot exceed a certain degree, for it 
depends on the breadth of the brain case or its base, respectively. 

The orientation of the left side (G I) with regard to the longitudinal axis follows directly from the posi
tion of the front teeth. It is to be placed in such a plane as to bring the longitudinal axis of the teeth in 
vertical position. Should the frontal part of the dental arcade of the reconstruction have been widened too much 
and the distance of the condyles kept within reasonable limits, then the roots of the incisors would tend to deviate 
from the vertical direction to a laterally declined one and the line of the mastication surface of the frontal 
teeth would slope to the median plane. The possibilities for reconstruction therefore are very limited. That the 
reconstruction I made does not differ significantly from the true form is indicated by the degree of curvature of the 
dental arcade which conforms completely to that of the jaw H I in which the symphyseal part is preserved and 
in' which therefore the curvature is fixed beyond doubt (see* below). In addition, jaws H IV and B V provide 
good criteria for the form of the dental arcade. The one mentioned first represents a rather aged individual and 
the second a young one. This young individual is more reliable for a correct reconstruction of the arcade than 
the likewise young B I because the dentition proves that B V is much older than B I in which the permanent 
dentition is not so far advanced (p. 15). 

• Compared with the reconstruction of jaw C made by Davidson Black the bicondylar breadth of my recon
struction is about the same: Black 148 mm, Weidenreich 146 mm. On the other hand the length of the jaw 
is different, namely the length measured from the labial surface of the medial incisor to the middle of the frontal 
plane touching the posterior borders of the condyles. This length is 105 mm in Black's reconstruction against 
112 mm in that of mine. .».-'* 7 i**r £i'-"&; **'; -•*.•: 

There is no doubt that the figure given for the bicondylar breadth is very high, especially when compared 
with the same measurement of other hominid mandibles. 

Sinanihropus jaw G I ..-.....• ; / . . . 148 mm 

• v> 

^t'^y—^C'r^.k 

:'+£J Heidelberg 
Le Moustier (juvenile) 

La Chapelle-aux-Saints 147.5 

131.0 3& 
Krapina I c 147.0 

e / O * ; ;J>r-•• - ! -* - -

.' \ "•*•" 
132-133 

In the cases of La Chapelle-aux-Saints and Le Moustier the skulls pertaining to the jaws are available 
so that the relation between the bicondylar breadth and the breadth of the skull base outside the mandibular 
fossa can be calculated. , The biauricular breadth cannot be taken as a measure of the skull base, this breadth 
being wider than the mandibular fossa breadth in Sinanihropus but narrower than that in Neanderthal man. In 
La Chapelle-aux-Saints the latter breadth is 152 mm, in Le Moustier (cast) 136 mm. As both brain case and 

.jaw of Le Moustier, at least the casts which are at my disposal, are asymmetric I prefer not to refer to the 
relevant skull. Taking the skull of La Chapelle-aux-Saints as a standard the breadth of the brain case outside 
the mandibular fossa would be about 153 mm in the case of Sinanihropus. The breadth of Sinanihropus Skull 
I, the only preserved skull available for such a measurement, is approximately 136 mm. which is much less, out 
it must be taken into consideration that Sinanihropus Skull I is that of a' child, probably not older than 9 years 
(compare Weidenreich, 1935). * 

In recent man the difference^l^tween the bicondylar breadth and that of the base of the brain case out
side the mandibular fossa varies. The brain case is 3 to 10% wider than the mandible. The computed breadth 

f.2' 
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of the base of an adult male skull of Sinanthropus of 153 mm is not at all extraordinary as is evident by com; 
paring it with the breadths of the skulls of La Chapel Ic-aux-Saints (152 mm) and Rhodesia (148 mm). 

b. Jaw H I (Plates XI-XV, fig. 2). The reconstruction of the mandible H I was much easier than 
that of jaw G 1, the entire right half of the jaw including the symphysis being preserved. As the line of 
fracture of the left side runs in oblique direction from mesial above to distal below, the symphyseal part reaches 
in the region of the alveolar border beyond the middle of the left Ia and at the basal border to the frontal plane 
of Pi. 

The slightly damaged parts of the alveolar border of the mandibular notch and of the condyle can be 
restored without difficulty, the preserved parts serving as a secure basis for such work. 

In the reconstructed jaw the bicondylar breadth amounts to only 102 mm, its length (measured from the 
"incision" — the teeth are missing — to the middle of the frontal plane touching the posterior borders of the con
dyles) is 107 mm. 

The differences in size between G I and H I already mentioned above are still more pronounced in the 
restored specimens. This will be clearer by comparing the measurements of both Jaws. 

bicondylar breadth length symphysis height condyloid height* 

Jaw G I 148 mm 112 mm 39 mm 73 mm 

Jaw H I 102 mm 107 mm 33 mm 63 mm 

Jaw G I is to be regarded as representing an adult male and jaw H I as an adult female. The most 
'astonishing feature of the latter, apart from the narrowness of .the dental arcade, is the fact that the length or 
the jaw is greater than the breadth, a phenomenon which hitherto has never been observed in fossil or recent 
man but one which is characteristic for all monkeys and apes (compare below). In jaw G I the bicondylar breadth 
is much greater than the length. While the breadth-length index in the case of H I amounts to 104.8, the same 
index is only 75.6 in G I. With such an index G I falls well within the range of variation of recent man. 
Jaw G I has a greater bicondylar breadth than H I because its branches are longer. If one should make the 
reconstruction of G I to conform in its bicondylar breadth to that of H I, then the dental arcade would be too 
narrow to be in accordance with the idea we have today of the form of the hominid jaw. Since in the case or 
H I the exact shape and therefore also the bicondylar breadth is ascertained by preserved parts, I am not sure 
whether a correction should not be made in G I also toward narrowing the curve of the dental arcade. 

c. Juvenile man dible B I (Plates XI-XV, fig. 3). Davidson Black made a dioptrographic reconstruction of 
this jaw, the illustrations of which were published in his papers of 1933 and 1934. I made a plastic reconstruc
tion of the same jaw. As the right side and the symphysis are preserved, the latter up to the line of the left 
canine, there remained for reconstruction only the left body and ramus which was carried out on the basis 
of the corresponding parts of the right side. As a basis for reconstructing the coronoid process completely 
broken off and of the condyle the uppermost part of which is rather damaged, I used the mandible F I. This 
specimen proves to be of the same age by the development of its Mi and M2. * Beth jaws differ only in size, 
mandible F I being larger and more robust as a whole and having a much bigger Mi than jaw B I. As already 
stated above, I believe these differences to be due to sex; therefore jaw B I must be considered to belong to a 
female. 

• • £»" 

• Measured with Hambruch*s goniometer 
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j. • It is very remarkable that the dental arch of jaw B I covers a much wider area* than that of the adult 

jaws G I and H I. This corresponds to Black's reconstruction. Unfortunately there is no other mandible of 

exactly the same age preserved which could be used for comparison. But the mandible of B V , which approaches 

it although somewhat older according to the stage of its dentition, exhibits a narrower curve, a feature in cor

respondence with that observed in the adult mandibles. However, B V is obviously the mandible of a male 

individual judging by the size of its teeth. Whether that specific difference in the form of the dental arcade rtally 

depends on sex or whether it represents a mere individual variation, I do not venture to decide. 

The bicondylar breadth of this jaw amounts to 108 mm, . the length (incision as the anterior point of 

measurement) 88 mm, the height of the symphysis 27 mm and the condylar height 48.5 mm. The breadth-

length-index is 61.3. The corresponding measurements of recent man of the same age are as follows: 

a? 

Jaw specimen 

'Rec. Chin. 44 cf 
Neol. " Kansu 404/11*9? 

157/7' cf 
Sinanihropus B 1 -

bicondylar 
breadth 

109.0 mm 
103.5 " 
107.0 M 

108.0 " 

I 
{ .1 ' breadth-
length i .i . i length-index 

85.5 mm 
81.0 " 
74.0 M 

88.0 " 

78.9 ' 
78.2 
69.2 
81.3 

height of 
symphysis 

21 mm 
24.5 " 
23.(?) 
27.0 

condylar 
height 

48 mm 
50 mm 
42 mm 
48.5 mm ' • * & * • $ 

r - ~» m%m IV. DESCRIPTION OF DETAILS 

Before I describe the appearance of the mandible as a whole, 1 think it would serve for a belter under

standing first to give a description in detail of all the particularities of the specimens which have been used as a 

basis for investigation and comparison by all former students of fossil man. ,.J 

For this purpose I divide the description of the mandible into separate sections defined by the general 

morphology of the bone and the special relief of its outer and inner surfaces. The sections in questions 

are enumerated and denominated in the table of contents so that it may be sufficient here to refer the reader to 

this list. 

A. BODY OF THE MANDIBLE ! 

I . T h * l*t»ri.l «»&#* . 

V'^J-V*: 

•vss 

^2»*i«* ".75 

(a) Prominentia lateralis, area platysmatica, etc. This region comprises the outer surface from the alveolar 

jugum of the canine to that point where the anterior border of the ramus meets the body and where the oblique 

-line begins. Special attention was given to the lower part of this area by H . Virchow (1910, 1920). He 

found that in recent man* the platysma is not attached to the lower border of the mandible as was believed 

* formerly but that it crosses it and is inserted to the lateral surface of the bone itself. In connection with the attachment 

there are some peculiarities in the relief. H . Virchow called the whole area covered by this muscle the planum 

platysmaticum." At times this planum is prominent and forms a "torus**, and at other times it exhibits fine 

.oblique and parallel striations running in the same direction as the fibers of the muscle — stria platysmatica (H. 

Virchow). T h e platysmatic area is marked off from the body surface by a line—linea platysmatica (H . Virchow), 

which sometimes is deepened to a furrow—sulcus platysmalicus. 

• Somewhat younger than B I, Ma is not quite in such on advanced stage of development. , 

£ '•"-;,/;.'/": /}-•"•«: ^ £ - - ^ ^ x . : « * > V * ^ w :••* '• !**Xs? j'firr "i-v-*/"* 



T*j» 

Vol. VII Weidenrtich:—Sinanthropus mandibles (\\\) 23 

According to Virchow the striations are not produced by the platysma alone but also by the fiber bundles 
of the triangular muscle which interlace with those of the platysma and adhere to the bone. H. Virchow supposed 
that the formation of the torus platysmaticus is an effect of muscle action. 

This question is connected with another problem as, according to Virchow, the "linea platysmatica" 
sometimes terminates mesialward at a special protuberance which he called the "tuberculum platysmaticum" where 
the platysma is inserted by delicate tendinous fibers. Virchow identified this tubercle with the lateral tubercle of 
the mental protuberance and believed that the latter is also produced by the action of the platysma. This tubercle 
is known under different names in the literature: Klaatsch (1909) called it "tuberculum mentale posterius". 
Gorjanovic-Kramberger (1909) "tuberculum sub-mentale" and Toldt (1915) "tuberculum !atera!e.,, But according 
to Toldt this tubercle has nothing in common with the lateral tubercle of the mental protuberance which he named 
"tuberculum mentale." As I have already pointed out before (1934) care should be taken so as not to confuse 
the respective tubercles. 

' i'V*. r».--
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Textfigure I illustrates clearly the appear-, 
ance of this ..region in those cases where the 
entire relief is well developed. The "area 
platysmatica** (tm) occupies the lower part of 
the outer surface and ends in a very distinct 
protuberance, the so-called "tuberculum platy
smaticum" (tma). It is to be seen that the 
tubercle is clearly separated from the "tuber* 
culum laterale" of the "trigonum mentale" 
(mental protuberance)—//. The "striae platy-
smaticae" (sp) and the "sulcus platysmaticus' 
(si) are also recognizable as distinct formations. 

y.» <-*.?• +H> sp t'm si +ma It is important that in the great apes the 
platysma has no appreciable connection with the 
mandible running parallel to the jaw directly 
from behind to in front. According to van 
den Broek (1919/21) the triangularis muscle 
and the quadratus labii inferioris are likewise 

Figure I. Lateral surface of the body of a mandible of recent man 
(North Chinese No. 69) with well developed relief. Abbreviations:— 
im, incisura mandibular anterior, pi, prominentia lateralis; tl, tuberculum 
laterale; tls, torus lateralis superior: tm, torus marginalis: tma, tuberculum 
marginale anterius; tmp, tuberculum marginale posterius; trm, trigonum 
mentale; si, sulcus intertoralis; sp, striae platysmaticae. Natural size. 

very poorly developed in monkeys and apes and do not attach to the bone or at best only to a small extent. On 
the other hand all the peculiarities of the outer lateral side of the mandible characterizing man are missing here. 
The whole field is smooth and equally rounded. Virchow's suggestion of a connection between the Bone relief 
and the action of the mimetic muscles in man therefore really has a foundation, but Virchow himself doubted the 
possibility that such weak muscles as those mimetic muscles actually could produce such strong bony formations. 

In order to decide this question it is necessary to study the entire lateral surface of the body. In a man
dible with a well developed relief the most characteristic appearance is a very pronounced eminence where the 
anterior border of the ramus meets the body. Rasche (1913) called this eminence "prominentia lateralis." This 
eminence represents a strong reinforcement obviously caused by special trends of the bone which descend from the 
coronoid process (the attachment of the temporalis) and transfer the working point of this muscle to the body 
itself. The oblique line is nothing else but the continuation of the anterior border on the prominence. The 

:#*&\#?i 
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posterior alveolar part deviates medianwards and is therefore separated from the upper part of the prominence by 
a more or less deep furrow which Keiter (1935) termed as the "sulcus extramolaris." 

* The prominentia lateralis extends downward to the lower margin. Towards the front it divides into two 
branches, an upper and a lower one. The upper one sweeps forward and comes to an end near the foramen 
mentale, while the lower branch occupies the entire lower margin. This branch is identical with the area platysma-
Uca and terminates in the tuberculum platysmaticum. Both branches are separated by a more or less pronounced 
furrow-like depression: the sulcus platysmaticus. The prominentia lateralis itself and its direct continuation to the 
lower margin demarcate the lateral, slightly deepened, surface of the ramus to which the masseter attaches. 

In this investigation I will use the following terms for the various formations. I shall retain Rasche's 
term prominentia lateralis but will call the upper anterior branch torus lateralis superior and the lower torus 

marginalis. The part of the prominence which reaches the margin and sometimes represents a distinct tubercle 
may be called the tuberculum marginale posterius and the tuberculum platysmaticum tuberculum marginale. anterius. 

The furrow separating both tori may be called the sulcus intertoralis. 

Of course there are many variations the degree of which depends chiefly upon the robustness of the man

dible and the size of the prominence. In many cases the division of the prominence into two branches is only 

faintly indicated or the prominence passes almost completely into the torus marginalis (lextBg. 2 a). In both cases 

the sulcus may be missing. 

&?#*£ 
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Figure 2 . (a) lateral surface of the body of a mandible of recent man (Prehistoric Chinese — Kansu No. 40-1/6) with 
very weakly developed relief. Natural size, (b) frontal part of the same mandible with a distinct mentum osscum but 
without a clear mental trigonum. Abbreviations:— im, incisura mandibular anterior; mo, mentum osseum. Natural size* 

In the medial surface of the body there is no eminence corresponding to the lateral prominence, but the 
alveolar part overlaps here considerably the lower margin. One could term this so-caused swelling torus 

alveolaris. The relief of the lateral surface therefore appears to be quite independent from that of the lateral 
surface, and could have been produced for the purpose of forming a reinforcement for the action of the 
temporalis on the body of the mandible. In many cases the prominence seems to be even more raised by the 
deepening of the attachment area of the masseter. This part of the ramus is sometimes formed by only a thin 
bone plate wjth thicker borders as a frame. The presence of thinner bone in parts where the muscle attach
ments occupy a great area is very common and characteristic for the skull. Here this is found in the region 

•;••!•'•?. 
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of the neck muscles and in that of the origin of the temporalis. The thickening of the bone itself takes place 
here only at the borders of the muscle fields; in the great apes the well known crests form the frames for them. 
A real thickening and 'strengthening of the bone substance is restricted to such points where static and dynamic con
ditions make it essential; this very seldom occurs in the proper fields of muscle attachments. 

Viewed from this standpoint the prominentia lateralis and the tori, especially the torus marginalis cannot 
be produced by any direct action of mimetic muscles* The lateral prominence has never been considered in such 
a relation, obviously because no muscles attach here. But the torus marginalis of recent man was considered to 
be the effect of direct muscular action because the platysma, triangularis and quadratus labii inferioris come into 
contact with it (H. Virchow —• tuberositas and torus platysmaticus). 

A comparison with the mandible of the anthropoids may facilitate the decision of the question (textfig. 3). In 
gorilla, orang, and chimpanzee the appearance of the lateral surface is about the same. A lateral prominence 
exists and also indications of a division in two branches. Frequently in gorilla and orang males the torus marginalis 
(tm) and in particular its posterior tubercle is well developed and more or less distinct. 

•>*• -.v 
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In contrast to this a tubercle 
on the anterior end of the torus 
marginalis is missing in all three 
anthropoids, the torus being in 
direct connection with the very 
strongly developed alveolar jugum 
of the canine. The variation of 
the relief is not less than that 
in man, but viewed as a whole 
the eminence and" the tori are 
stronger and have greater tendency 
to fuse with each other than is 
true in man. 

•£te 
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Bluntschli (1929) called atten
tion to the fact that in old male 
orangs a tuberculum platysma-
ticum is very pronounced and 
that a considerable portion of 

. the platysma fibers attaches here. 
He brings this muscle loop into 
connection with the air-sac and 
the cheek-pads of the orang and 
believes that it may serve as 

some sort of a support for them. Bluntschli also remarked that a similar tuberculum is found in the Heidelberg 
jaw and he therefore considers die possible existence of those peculiarities in the soft parts of the Heidelberg 

• '•:} 

+m si +mp 
Figure 3. Lateral surface of the mandible of an adult male gorilla (No. 322). 

X2/3. Abbreviations:— pi, prominentia lateralis; tm, torus marginalis; tmp, 
tuberculum marginale posterius; si, sulcus intertoralis* 

I have discussed elsewhere (1934) this particular question. In orang the tuberosity described by Bluntschli 
is situated rather backward and almost completely at the basal margin of the mandible, while the platysmatic 
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tubercle considered in connection with the platysma by H . Virchow is situated at the lateral surface and near 

the mental protuberance. However, one should distinguish between a rough point of muscular attachment and 

the formation of a torus in the case of orang. T h e platysma fibers may produce a more or less circumscribed 

tuberosity but they are not able to produce such a thickening and swelling of the whole bone as is evident in 

the lowest part of the jaw. Incidentally, a rough spot may" at times be observed in male gorillas in the same 

region. f . ._..,,, 

Taken as a whole, it seems evident that the torus marginalis and its special differentiations, the posterior 

tubercle in man and apes and the anterior one in man, are not dependent upon or formed by a direct action of the 

mimetic musculature, for the torus exhibits the same robustness in apes as in recent man and in the former these 

muscles in no way come into contact with the bone with the exception of a small portion in orang as mentioned 

'J4 
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The special appearance of 

the Sinanthropus jaws. H I 

is the best preserved jaw in this 

respect (textfig. 4 , Plate VI I , fig. 

I). T h e anterior border of the 

ramus proceeds to a very distinct 

prominentia lateralis (pi)- This 

prominence extends to the lower 

margin on one side and divides 

into two branches on the other. 

T h e upper cne, the torus lateralis 

superior (fc), is very strongly deve

loped and ends on the jugum or 

the canine; the lower one, the 

tcrus marginalis (tm), is also well-

formed and ends in a distinct 

elongated anterior tubercle (rmq), 

while a posterior tubercle is not 

clearly marked. T h e sulcus inter-

toralis. (si) is an appreciably deep 

furrow. A t a distance of about 

tm 
Figure 4. Lateral view of the right half of the mandible of Sinanthropus H I 

(female). Natural size. Abbreviations:— ce, crista ectocondjloidea; el, eminentia 
lateralis rami; fm, fossa masseterica; pi, prominentia lateralis; tl, tuberculum subcondy-
loidcum laterale; tls, torus lateralis superior; tm, torus marginalis; tma, tuberculum 
marginale anterius; ts, tuber symphyseos; si, sulcus intertoralis. 

••> •. i . :<^^«Av-i","-> 

11 mm from the distal end the torus marginalis shows a roughness which overlaps to the basal surface and borders 

here immediately on the distal end of the digastric fossa the boundary of which is formed by a fine irregular line. 

This roughness also extends to the lateral surface of the torus up to its mesial end and to the bottom ot the 

sulcus inteitoralis. But a distinct striation like that found in recent man does not exist, not even an indication 

of it, though the whole bone surface of this region is excellently preserved. 

In G I (Plate IV , fig. I) the relief of the lateral surface is much less differentiated than in H !• This 

may be in consequence of the much greater robustness of the jaw as a whole. T h e anterior border of the ramus 

proceeds here also to a well developed prominentia lateralis. From this prominence the torus superior runs for

ward and disappears near Pt. T h e prominentia lateralis extends to the lower margin but a distinct tuberculum 

marginale posterius does not exist nor does the torus marginalis itself rise to any extent above the general surface. 
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From the level of Mx onward there is a shallow depression which marks the place of the sulcus intertoralis. But 
the anterior end of the torus marginalis represents a real and distinct swelling though not as large as could be 
expected from the size and robustness of this mandible (m). The whole surface of the torus marginalis is rough, 
this roughness overlapping to the basal surface and bordering upon the distal part of the digastric fossa. As in 
the case of H I this roughness also extends to the site of the sulcus, but a slriation like that observed in recent 
man is not recognizable. 

In A II (Plate I, fig. 1) the ramus or at least its anterior border is not preserved but there is an indica
tion of a faint prominentia lateralis. The torus lateralis superior is also indicated. The sulcus is more distinct. 
The torus marginalis is broken off with the exception of its mesial end which is represented by a well developed 
tuberculum marginale anterius the surface of which is rough and adjacent to the smooth digastric fossa (m). 

The conditions of the lateral surface in H I and A ' II are about the same. They contrast to those of 
G I in being much less developed in the latter. But as I have mentioned above, jaw G I as a whole is 
higher, thicker and more robust than the other. The same differences are also found in recent man so that one 
may deduct that the more robust a jaw is as a whole, the less the relief of the lateral surface is marked. In 
the case of Sinanthropus I believe firmly that these differences are due to sex. G I belongs to a male individual, 
H I and A 11 to female individuals. • 

This seems to be contrary to the impression given by the Heidelberg mandible notable for its robustness 
of the lateral relief which is the same as in the Sinanthropus females, but from this fact I do not dare *to draw 
the conclusion that the Heidelberg fossil also belongs to a female, although its teeth are strikingly smaller than 
those of the two female Sinanthropus jaws. However, the Heidelberg jaw in no way differs in the general 
appearance of the lateral relief from the mandibles of the Neanderthal group, as for instance from Krapina (H 
and I) and Ehringsdorf (adult). I-.*-': 

In regard to the jaws of this latter group the three mentioned above come very close to the one known 
as Sinanthropus H I; the differences being such not worth* mentioning. The Heidelberg jaw shows the same 
characteristics with the exception that the tuberculum marginale anterius appears to be stronger than in the cases 
of Krapina and Ehringsdorf. However, this phenomenon is not dependent only upon a real stronger formation or 
the tuberculum itself but also upon the fact that the basal border of the Heidelberg jaw is bent upward just 
beyond the tubercle to form the so-called incisura submenlalis (compare below).- The tubercle therefore projects 
further than would be the case if this curvature did not exist.- ; /£* . . ; , . ' 

I believe that from a morphological standpoint the Heidelberg jaw has been interpreted incorrectly. The 
various investigators permitted themselves to be deceived- by the size and robustness of the body and ramus and 
therefore considered this specimen to be more primitive than all the other jaws known so far, including the entire 
Neanderthal group. However, as I have demonstrated recently (1936 6) the characteristics of the. dentition of 
Sinanthropus on one hand and those of the Heidelberg Man on the other prove that there is a fundamental difference 
between these fossils, the former being a really primitive one, while the latter is closely related to that of the 
Neanderthal group, representing a special type. , • k ,•?;; * •" 

The relief of the lateral surface of the Sinanthropus female mandible therefore corresponds to the general 
appearance of that of the Neanderthal group, while that of the Sinanthropus male is much more simple and exhibits 
a much more pithecoid character. But I wish to point out that the same differences of the relief may also be 
found in recent man. With the exception of the special feature of the tuberculum marginale anterius more 
pronounced because of the presence of an incisura submentalis the relief of the Heidelberg jaw does not 
differ fundamentally from that of recent man with a well developed relief. The same is true for Sinanthropus, 
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the only difference being the deepness of the sulcus interloialis and the absence of any striation on the surface 
of the torus marginalis. This question will be discussed later. 

The juvenile jaws of Sinanthropus show various differences when compared with those belonging to the adult 
individuals. Jaws B IV and B V are badly damaged in this particular region which is also true for B III. In 
jaw F I only the posterior part is preserved. Jaw B I is therefore the only specimen on hand which may serve 
as a reasonable basis for description and comparison, although objections might be made on account of its being badly 
damaged and having been subsequently restored by Davidson Black (Plate II, fig. I). Nevertheless, some facts 
are obtainable. The prominentia lateralis is well developed, but corresponding to the age of the jaw this pro
minence is situated at the level of the last molar, that is to say, on the labial side of the first permanent molar. 
Both tori and the sulcus intertoralis are only faintly indicated, the whole region projecting more or less 
on account of the germs of the permanent teeth being embedded in this part of the jaw. 

Jaws of recent man of corresponding age reveal more details. This holds good especially for the torus 

marginalis the development of which may be in connection with that of the symphyseal part of the jaw. I will 

refer to this later. 

(b) Foremen mentale^ It -is not quite correct to speak of a .foramen mentale in Sinanthropus because 

none of the specimens preserved show just one single foramen. The multiplicity of this aperture is a rather striking 

characteristic feature of Sinanthropus* 

In jaw G I (Plate IV, fig. I) there are five apertures. These are arranged around an oval slight 

eminence which is situated immediately at the anterior end of the torus lateralis superior in level with the 

interalveolar septum of Pi and P2. The five foramina are almost of the same size. The distance between the 

foremost and the last is about 10 mm, that between the uppermost and the lowest about 9 nun. Beth the last 

and lowest openings are directed backward, the foremost forward and the fifth upward and slightly backward. 

In jaw A II (Plate I, fig. I) a joint area dees not exist. The apertures, four in this case, are situated 

along a curve the convexity of which is directed forward and downward. The focus of this curve is in the level 

of the anterior root of Mi and at a distance of about 10.7 mm from the lower margin and of about 14.0 mm 

from the alveolar border. One of the four foramina is large, its mesio-distal diameter bsing 2.8 mm, the three 

other ones being much smaller, in fact one of them is very small. Three of the foremost apertures are situated 

above each other in the mesial region of P2, the lowest one being rather removed distally and situated in the 

level of the posterior border of the root of Mi. The uppermost is at a distance of 7.5 mm from the alveolar 

border, the lowest about 6.5 mm from the lower margin which is damaged at this point. The large foramen 

faces directly outward, the last and the uppermost and the smallest directly backward and downward. 

In jaw H I (Plate VII, fig. 4) there are three apertures. As in the case of G I these foramina are 
arranged around a circular thickened area lying at the torus lateralis superior and sloping upward against the 
alveolar part and downward against the sulcus intertoralis. This area is located just below the seDtum between 
P3 and Mi. All three foramina are at a distance of about 4.5 mm from the center of the area. One aperture, 
the larger one, is situated in front and slightly higher; the smaller one behind and slightly lower and the small
est one lowest in relation to that center. The aperture of the anterior foramen faces downwards, that ot the 
posterior and the inferior ones backwards. The lowest foramen is at a distance of 7.2 mm from the lower 
margin, the center of the uppermost is 12.4 mm away from this margin. 

In regard to the juvenile jaws only B I, B III and B IV allow a statement with respect to the 
foramina. For B I (Plate II, fig. 1) Davidson Black reported the presence of at least two apertures. Unfortunately, 
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this particular region is badly damaged and its entire surface so uneven that it is difficult to recognize the 
fine relief. It is certain that there is one large foramen. This foramen is situated in line with the distal part 
of im and is appreciably elevated, that is to say, about 12.8 mm above the lower margin. Approximately 6.5 
mm further in a distal direction, in line with the mesial part of m2| there is a small impression which may 
represent a second foramen, but it is impossible to prove with any degree of certainty whether additional apertures 
existed. 

In jaw B III (Plate VIII, fig. 8) three apertures exist. As in the case of jaw A II they are situated 
around a slightly elevated center along a curve the convexity of which is directed forward and downward. The 
main aperture is mesial to this center in line with the distal border of the mesial root of mi. Above and slightly 
more mesially there is a second small aperture. The third one is of about the same size as the second aperture 
and is situated in almost the same horizontal line as the latter but more than 9 mm. in a distal direc
tion and in line with the mesial roct of m2. The upper foramen is about 7 mm away from the upper alveolar 
border, the large one about 11 mm and the third one about 9 mm from the lower margin. The middle aperture 
faces directly outwards, the upper is directed upward and the third backward. 

~«Vi~-

In B IV (Plate VIII, fig. 3) at least two apertures must have been present. As the border of the man

dible is broken off immediately below the apertures, it is possible that one or more were situated in the parts 

missing, the anterior one of the two apertures being located just at the damaged margin. Beth apertures are of 

about the same size, namely small and give the impression of being accessory. The posterior aperture lies 

in line with the distal border of mi, the anterior one in a horizontal distance of 6.6 mm from the posterior 

opening. The distance of the anterior aperture from the alveolar border is 12 mm, that of the posterior 10 mm. 

The posterior aperture faces backwards and downwards, the anterior one directly outwards. 

A comparison with the jaws of the Neanderthal group yields the following result. The right side of the 

Heidelberg jaw with its three foramina resembles closely Sinanthropus jaw A II in respect to the size and arrange

ment of the three anterior apertures. The left side of the Heidelberg shows only two foramina, a large one 

and a much smaller one. Among the Krapina material the right side of jaw G corresponds in general to that of 

Sinanthropus H I in regard to the number, size and arrangement of the apertures. A circular eminence like a 

center around which the foramina are grouped also exists. This is true for the Krapina I—right side—where only 

two apertures are present which are located before and behind a distinct swelling. According to Boule (1912) the 

jaw of la Chapelle-aux-Saints shows two joint foramina on the right side separated only by a narrow bone bridge. 

According to this author the same peculiarity is found in the jaws of La Naulette, d'Arcy, Malarnaud and Spy L 

One of the most remarkable facts observed in Sinanthropus jaws is the multiplicity of the mental foramen. 
According to Simonton (1923), to whom we are indebted for the best comparative investigation on the occurrence 
of the mental foramen, four or five foramina have never been found in recent man regardless of race. Three 
foramina are known to occur in 0.19% and two in 4 .3%. Akabori (1933) likewise never observed the occurrence 
of four or five foramina in the Japanese material he investigated, but he found three foramina in 0.73%, and 
more than one in 3.7%. '••>*;* 

In the Sinanthropus material there are six specimens available the numbers of the apertures of which are 
oi follows: 
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" V * Number of apertures Specimen Number of jaws 

5 Jaw G I 1 
4 Jaw A II 1 
3 i'M Jaws H I and B HI 2 
2 - Jaws B I (?) and B IV 2 

Within the Neanderthal group the Heidelberg jaw (at least the right side) and the Krapina jaw G also 

show three foramina. 

According to Simonton the occurrence of the multiplicity of foramina in anthropoids is as follows: 

Species Number of apertures percentage more than two apertures 

Gorilla 3 7.2% 1 • 
r i ?* ? 7 Jo/ \ 14.4% 
Gorilla ^ i'^h ) 

o/ Orang 4 0.8 70 
^l^^^^^^'-f^^^^f^^^^^. 

15.6% 

. Orang 3 5.7% V 39.0% 
Orang 2 32.5% J 

Chimpanzee. 3 >;£ : •?•!/a 

.Chimpanzee 2 :££• 12.5% 

. This list seems to testify that the multiple occurrence of the foramen observed in Sinanihropus and within 

the Neanderthal group is a genuine pithecoid character. The latter is particularly pronounced in Sinanihropus where 

the occurrence of more than one foramen is ascertained in 100% against 4 — 5% in recent man. 

However, it is to be noted that there is a difference between Sinanihropus and the anthropoids. In all 

anthropoids where I observed more than one aperture I found that one foramen was much larger than the remaining 

ones and that the latter had the character-of being accessory apertures always located far in front of the main 

foramen. In comparison with the forms belonging to the Neanderthal group it m3y be stated firstly that the multi

plicity of the apertures always occurs in Sinanihropus, while within the former group it occurs to a large 

'percentage, and secondly, that more than three foramina have never been reported to occur in the Neanderthal 

group. 

Bunte and Moral (1910) and Schulz (1933) state that the apertures are directed backwards and at the 

same time upward in by far the majority of cases in recent man, while in anthropoids they are directed toward. 

This latter statement is not quite correct for in some cases the apertures are also directed backwards or upwards. 

As stated above the direction varies in the individual cases of Sinanihropus so that the backward direction 

cannot be considered as representing a rule. # . ;./ 

It is difficult to understand the reason underlying the multiplicity. In any case it is remarkable that when 

more than two apertures exist, they are always arranged around a center forming a circle or a curve witn a 

- convexity directed forward. The center slightly projects beyond the surrounding surface so that the impression is 

-given that the main distribution of nerves and blood vessels which takes place in recent man immediately alter 

emerging from the foramen occurs in Sinanihropus within the mandible itself and directly under that eminence, 

which in this way forms a sort of cover under which the already distributed vessels and nerves spread into various 

directions and emerge through several apertures. 

As to the position of the mental foramen the figures for recent man given by Simonton show that there 

is no fundamental difference between Sinanthropus and recent man, the foramen lying mcst frequently in line with 
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P, or the septum between Pi and M L In the case of Sinanthropus it will be realized that the center just 
mentioned is taken as an indicator for the exact'location of the proper foramen. 

2. The anterior (labial) surface of the frontal part: mentum osseum — trigonum mentale incisura sub-
mentalis — incurvatio mandibular anterior. 

The part of the mandibular body discussed in this paragraph embraces the area between the alveolar juga 
of both canines. As in recent man its character is influenced by the chin which will be discussed first in the 
following description. 

The term "chin" (mentum) commonly used for the basal prominence in recent man actually comprises two 
different phenomena which should be distinctly differentiated. In my first publication on the chin (1904) I.called 
attention to this fact, but nevertheless it was neglected by most of the investigators interested in the problem dealing 
with the chin. Thirty years later (1934), when making new comparative investigations on a much larger scale, I was 

' able to prove that my first standpoint was correct. 

The two different features to be distinguished are: (I) the projection of the entire median and basal part 
of the frontal mandibular section beyond the adjoining regions; and (2) the accentuation of this projection by the 
first mentioned formation "mentum osseum** and the second one "trigonum mentale."* The latter formation corresponds 
to the mental protuberance proper which H. Virchow (1920) proposed to designate as the trigenum mentale. 
The fact that both formations when viewed from the descriptive standpoint are entirely independent from each 
other is proven by the incidental occurrence of a distinct mentum osseum without an indication of a trigonum 
mentale. Textfigure 2 6 represents such a case; the alveolar part of the frontal section here is separated from 
the basal part by a continuous uniform depression. The whole basal part appears in the form of an equally 
rounded swelling. 

The well developed trigonum mentale (textfig. 5) consists of a 
triangular eminence. Its base corresponds approximately to the lower 
margin of the jaw and its vertex comes to lie in the middle line of 
the space between the alveolar juga of both medial / . The trigonum 
itself usually is much more pronounced in its middle part* The latter 
eminence can be called "tuber symphyseos** (is) for it conforms to 
the symphysis of the jaw. The basal corners likewise are often thickened, 
scrretimes to very distinct tubercles which represent the so-called tubercula 
laleralia (//). In certain cases one may also find that the middle of 
the triangular basis is not at all prominent but may even be deepened. 

The more or less circular depression which separates the basal 
part of the frontal section from the more prominent alveolar border 
and thereby causes the projection of the basal part, which is the 
mentum osseum, has been called by H. Virchow (1920) the incuroatio 
mandibular anterior and by Klaatsch (1909) impressio incisiva (textfigs. 

I, 2, 5, im). The trigonum mentale projects beyond the bottom of this general depression with its greater part 
so that the deepening is mostly divided into a right and a left half. 

The most essential formation causing the projection of the mentum osseum is that depression. In this regard it is 
of no significance whether the alveolar border protrudes further forward than the basal border, as is true in the 
case of prognathism or, whether the basal part is more prominent than the alveolar one as in the case of orthognathism. 
The so-called "positive** and "negative" chins (Klaats:h) show the same character in regard to this aspect. 

^ ^ s a - - i m 

Mvf'^-' 

Figure. 5. Frontal part of the man
dible of a recent European (Moravian) 
with well developed and distinctly 
bordered mental trigonum. Natural size. 
Abbreviations:—im, incisura mandibulae 
anterior; tl. tuberculum Iaterale; ts, tuber 
symphyseos. 
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In all monkeys and apes the alveolar border projects much further forward than the lower margin of the 
jaw and the depression in question — incurvatio mandibular — is missing (tcxtfig. 3). A mentum osseum therefore does 
not exist in this particular group of primates, and hence it shows a real prognathism. 

The question whether Sinanthropus possesses a chin or not w.as answered by Davidson Black by the assertion 
that a mental prominence was '"completely absent** (1929). He reached this conclusion by his observations on the 
juvenile Sinanthropus jaw B I. However, Black overlooked the fact that the term **mental prominence** is as 
ambiguous as the term *'chin** because it does not define distinctly between "mentum osseum** and **trigonum 
mentale." 

Thus the question arises as to whether Sinanthropus had a chin. According to my understanding it should be 

determined whether there exist an incurvatio and a trigonum mentale or whether only one of these features is pre

sent or none at all. As a basis for such determination jaws H 1 and H IV are available as representing adult 

individuals and B 1 and B V as those of juvenile individuals. Since the basic parts of jaws B V and H IV are 

badly damaged or broken off, only H I and B 1 can be used in this particular instance. In H I the whole 

region in question is preserved with the exception of the upper distal part of the left side. 

As is evident in the illustration (textfig. 4, and Plate VII , fig. 4; Plate VII, fig. 1; Plate XI , fig. 2) of 

the preserved parts if the mandible H I and from the reconstruction derived by correct orientation to the alveolar 

plane, the alveolar border of the frontal part projects and its basal margin falls back. However at the same 

time the side view shows that a clear depression which would indicate a real incurvation between the alveolar and 

the basal part does not exist. Nevertheless a faint indication of a flattening between both regions is recognizable. 
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Figure 6. Frontal part of the man-
./:••> dible of Sinanthropus H 1 (female ) in 
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mm. 
frontal and lower view. Natural size. 
Abbreviations:- fd, fossa digastrica; lb, 
trigonum basale; tma, tuberculum mar* 
ginalc anterius; ts, tuber symphyseos. % - c — ^ 
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Figure 7. Basal view of 
Sinanthropus mandible H I 
(ferralc). Natural size. Ab
brev ia t ions : - fd, fossa 
digastrica; tma, tuberculum 
marginale anterius; ts, tuber 
s y m p h y s e o s ( t r i g o n u m 
mentale) sm, spina mentalis. Zfiki 
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Therefore, it cannot be doubted that a genuine mentum osseum is absent. In the case of the trigonum mentale 
the situation is different, for in the regions of the latter formation an appreciable swelling is to be observed, 
especially by palpation (textfig. 6). Viewing this point from the basal side of the jaw (textfig. 7) 
one will note that the middle part slightly projects and flattens toward both sides. This prominence when viewed 
from the front is quite clearly triangular (textfig. 6 and Plate VII, fig. 5) even though its demarcation may 
appear to be rather vague. The triangular elevation is low and broad, and its base coincides with the lower 
margin. A distinct vertex is not recognizable. The lateral corners are not especially marked. As on the ffif; 
right side, the tuberculum marginale anterius is rather pronounced and slopes in mesial direction, the boundary 
between the corner and the tuberculum being quite indistinct. The special appearance of the basal line of the 
trigonum will be discussed in a separate chapter in connection with the "incisura submentalis" (compare below). 

The trigonum mentale of H I, that is to say, the eminence in the basal region of the symphysis, corre
sponds to the trigonum mentale which in 1934 I proposed to call "tuber symphyseos." Its highest eleva
tion is found within a distance of 24 mm from the incision. Below this point the trigonum flattens to a broad, 
oval and faint depression of about 6 mm in length and 4.5 mm in breadth. This depression is rather sharply 
defined in the median line and at the point of declivity to the marginal border. The height of the trigonum 
measured in the median line is 16 mm, the breadth of the base from the median line to the mesial end of the 
right tuberculum marginale anterius about 13 mm, and the whole breadth about 26 mm. 

The presence of a trigonum mentale in jaw H I is certain and it can be further verified in the juvenile 
B I (textfigs. 14 and 53; Plate II, figs. 5, 6; Plate VIII, fig. 1). In the latter the symphysis is also well 
preserved and thus permits a reliable determination. While in jaw B I a mentum osseum or any other delimitation 
between alveolar and basal part of the front is missing entirely, a triangular elevation in the median line is dis
tinctly visible. 

• The main part is represented by a blunt edge which begins at about 11 mm below the alveolar border 
and courses, broadening gradually, accurately along the median line. The lateral borders of the swelling • stand 
out against the adjoining surface by a clear flat depression and continue with the lower margin without any distinct 
lateral elevation (Plate VIII, fig. 1). The height of the entire prominence is about 11 mm and the breadth at 
the base about 18 mm. As is true in H I there also exists in B I a flattening of the lowest part of the swell
ing -just in the middle line and slightly above its lower border. 

The trigonum mentale in Sinanthropus corresponds to that of recent man with respect to its position and 
its general form. It differs from the latter by its lowness, its indistinct delimitation between the adjoining parts 
and the complete absence of the lateral tubercles. 

The flattening of the triangular eminence in* the middle of the lower part deserves special note. Before 
discussing this phenomenon, it may be well to call attention to two other features of the mandible which concern 
more particularly the lower border but nevertheless are also in close relation to the region under discussion. 
These phenomena are the so-called incisura submentalis and the trigonum basale. 

In the Heidelberg jaw the lower margin of the symphysis is strongly bent upward so that it presents an 
appreciably high and wide arch. Klaatsch (1909) called this formation "incisura submentalis.1 * According to H. 
Virchow (1920) this arch should be considered characteristic for hominids of an early diluvial period as he failed 
to observe them in anthropoids and ascertained its occurrence in recent man in exceptional cases. In the Neanderthal 
group the incisura is very pronounced in the mandible I of Krapina and in that of Spy I. H. Virchow drew% 

attention to the fact that in consequence of the deepening of both digastric fossae located at the lower margin 
in the area of the arch, the tuberositas interdigastrica which separates both digastric pits projects markedly. ^ The 
submental notch thereby assumes the form of a Cupid's bow comparable with the edge of the upper lip in the 

i /• 



(in) 34 Palaontologia Sinica Scr. D 

region of the philtrum. In other words the submental notch is not a single and equally curved arch but one 

divided into two symmetrical parts by a median and downward directed prominence which corresponds to an inter-

digastric spine. 

I do not believe that the significance of the mcisura submentalis will be known correctly if the interpre

tation is restricted to this formation. The Heidelberg jaw shows clearly that the submental notch is nothing else 

but the median of three larger inlets of the lower mandibular border, the other two being represented by the pre-

angular curvatures of the rami. 

On the other hand this )f the )f the also be described 

iV-.\ 

ie other hand this appearance ot the lower margin ot the jaw can also De described as projecting 

downward in marked degree between the symphysis and the rami, which would mean, that not the incisura sub

mentalis but the downward projection of both halves of the body constitutes the essential characteristic of the outline. 

This projection corresponds exactly to the torus marginal is described above. In the case of the Heidelberg jaw 

the torus is strongly developed and therefore does not only protrude sidewards but also downwards. In other 

words, the degree of the formation of the submental notch depends greatly upon that of the torus marginalis, especial

ly upon its anterior part. Thus the depth of the notch has no relation whatever with the height of the symphysis 

or any other particularity of the median part. 

Virchow's assumption that the incisura submentalis is absent in anthropoids is only correct in so far as 

this term and what it is founded on is taken literally. In some cases in orang as well as in gorilla the lower 

margin of the mandibular symphysis terminates with a more or less 

prominent spine while the margin on both sides of it is clearly curved. 

Beyond these curvatures the lower border is thickened and projects as a 

result of the strongly developed torus marginalis and its tuberculum 

marginale posterius. The basal curvatures of anthropoids and those of 

the Heidelberg jaw (incisura submentalis and tuberositas interdigastrica 

respectively) differ in principle only with respect to the direction of the 

curves. In anthropoids the latter are directed backwards on account of 

the marked inclination of the whole frontal part while in the Heidelberg 

jaw the curves bend downwards, the front part being more 

erect here. 

..y?' Sinanthropus serves as a good example when studying the condi

tions of this region in a primitive hominid type. In jaw G I, 

><- although the symphysis is not preserved, there is evidence that a dis

tinct notch directed towards the mesial line from the tuberculum 

marginale anterius had existed. In Plate IV (figs. I and 2) the out

line of the lower border of the left side rises distinctly from that 

point. In jaw H I the whole part in question is preserved. A t 

first sight an incisura submentalis seems to be absent but on closer examination one finds the same formation as in 

the Heidelberg jaw (Plate VII , fig. 5 and textfigs. 4, 6). H I differs from the latter only in regard to the arch 

which is flat and the projecting interdigastric portion that occupies a large space. The juvenile female jaw B I 

corresponds completely in this respect to the adult H I (Plate II, fig. 7 & Plate VII , fig. 2) and the same holds 

good for the juvenile male jaw B III in which only the right half of this region is preserved (Plate VIII, fig. 6). 

Viewed from the comparative standpoint, the occurrence of the symphyseal spin© and its pronounced 

prominence 'in Shanthropus is more important than the existence of the incisura, since the first mentioned formation is 

Figure 8. Outlines of the lower 
margin of the symphysis. Natural size. 
Designations:—a, Heidelberg; b, Krapina 
I; c, Ehringsdorf adult; d. Spy 1; e, 
Sinanthropus H I; f, recent North 
Chinese (No. 159); g. recent European 
(Moravian). 
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to be found in the same area and equally developed in anthropoids, only, as just stated, it takes a different course. 
In recent man on the ether hand the corresponding region, that is to say, the basis of the mental trigonum, offers an 
entirely different picture. Usually the outline of the symphysis does not project downwards but instead is more 
or less curved upwards, or it may also be even (textfig. 8). 

The mandibles of the Neanderthal group in this respect approach those of Sinanthropus. In all the com
parative material at my disposal the symphyseal spine is more or less developed in the Ehringsdorf, Krapina E, 
G, H, I; Malarnaud, Le Moustier, La Naulette, Spy, with the exception of La Chapel le-aux-Saints. 

Textfigure 8 shows some of these characteristic outlines. In recent man the base of a well developed 
trigonum mentale (textfig. 5) is marked off from the lower margin by a rather straight line. Beyond this line 
the margin slightly falls back. Since in Sinanthropus jaw H I the mental trigonum represents but a faint emin
ence, it continues at the lower border so that the anterior margins of the digastric fossae appear to form the lower 
limit of the trigonum (textfig. 7 fJ). These fossae being separated from each other by a small triangular area 
(compare below), which corresponds to the symphyseal spine just described, makes it seem as if the intervening 
area belonged to the mental eminence itself. In this way the latter derives its rhombic shape. 

This particular feature of the Sinanthropus chin region resembles one sometimes found in juvenile jaws of 

recent man and also in those of anthropoids. Textfigure 9 illustrates the mental trigonum of a Chinese male child 

of about 3 to 4 years in age. This trigonum consists only of a tuber symphyseos similar to that of Sinanthropus; 

the lateral tubercles are not developed. On the other hand the trigonum continues 

with the interdigastric spine so that it assumes the rhombic shape. In a very young <^%^' ^MW^^^^^ 

male gorilla (textfig. 10) in which the deciduous canines are just erupting and the suture 

of the symphysis is still patent except in its lowest part, there is a distinct median 

prominence just at the chin" region, that is to say, above the anterior margin of 

the digastric pits which continues downward between the two pits. Further above 

and inward the prominence terminates in a sharp edge-like spine which projects back-

ward. 

The connection between the mental prominence and the interdigastric area in the cases of adult Sinanthro

pus and in juvenile stages of recent man and gorilla proves that the formation of the mental trigonum is the 
result of the special type of union of the halves of the mandible but one which is 
not directly dependent upon the development of the mentum osseum, that is to say, 
upon the most projecting basal part of the jaw. Another argument in support of the 
fact that the formation of the mental prominence in Sinanthropus is dependent upon 
the same process as in recent man is the existence of a small depression located 
immediately in the middle line and at the highest elevation of the swelling 
(textfig. 7). In juvenile mandibles of recent man this depression may be found to 
be clearly outlined as in the case of a jaw of a Japanese child of about 5 years 
(textfig. 11). The latter shows that the suture remained open in exactly the same 
place, and the depression corresponds to a slight folding inwards of the lower corner 
of the medial borders of both halves. In the same jaw the rhombic shape charac
ter of the mental prominence mentioned above and its extension to the lower surface 
is evident. 
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Figure 9. Region of 
the chin of a 3-4 year old' 
male North Chinese child 
(No. 50). Natural size. 
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Figure 10. Region 
of the symphysis of a 
very young male gorilla 
child (No. 30) with traces 
of the suture and a carina
like prominence. Natural 
size. Abbreviation: fd, 
fossa digastrica. 
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fossa digastrica. is evident. <^,. 
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As I demonstrated first in 1904 and then more in detail in 1934, the trigonum mentale is to be con
sidered as a sort of gusset set into the symphyseal juncture between the two halves of the mandible in the inferior 
two-thirds of its height. This gaping is caused by the curvature of the antetior parts of the two halves in a 

frontal plane to form the front of the jaw. Primarily these halves were 
tapering like a rostrum and closely joined to each other throughout the whole 
height of the symphysis. They terminate in a curved line, the alveolar end 
projecting forward and the basal end falling back (textfig. 12a). In hominids the 
anterior parts of the halves are turned up toward the median line gradually to 
form a frontal plane. In the same degree as this turning becomes effective the 
basal parts will separate more and more while the alveolar parts remain in con
tact. In this way a triangular gap in the symphyseal juncture appears which 
has to be filled by bony substance so as to secure and strengthen the junctuie 
(textfig. 12b). In recent man where this gap has reached its largest extension 
this filling material consists of several small irregular and isolated bones bearing 

a sutural character. These are the so-called ossicula mentalia (Mies). We do not know in what stage of 
phylogenetic evolution these bones appeared. However, its first differentiation may have started in the Sinanthopta 

stage. ,.;V-:; 

The appearance of the symphyseal gap is connected 
with another phenomenon which is not less important for 
the knowledge of the formation of the mental trigonum. 
In mandibles of very young children of recent man 
there is to be observed that the two halves of the 
jaw which bound the gap are raised and thickened 
(textfig. 13). This elevation gives rise to two pits, one 
on each side, at the corner of the jaw endings (/m). 
Toldt (1915) called these depressions fessae mentales. A 
comparison of the various stage of the individual formation 

of the trigonum mentale shows that the lateral borders of the triangular elevation represent nothing else but those 
thickened endings. The lateral tubercles precisely mark the corners where the lower borders of the jaw turn to the 

Figure II. Mental tri
gonum in the stage of develop
ment in recent man (Japanese 
child of about 5 years) with 
the part of the suture still 
present and the median 
depression recognizable. 
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Figure 12. A sketch demonstrating the manner of 
junction of the two mandibular halves. Designations: 
(a) the original bow formation and (b) the bending in 
frontal direction with a gusset-like formation. 
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Figure 13. Mental 
trigonum of a 3-4 year 
old North Chinese child 
(No. 61). Natural size. 
Abbreviation:—fm, fossa 
mentalis. 

median borders and reach the junction. The median depression at times also very 
in adult specimens designates the site of the original gap. In the 
aw of Sinanthropus B I the triangular prominence corresponding to the 
gonum of recent man reveals very distinctly the original significance ot 

the chin relief. As is seen in textfigure 14 the two curved anterior halves united 
by the symphysis, the mental fossae around which the curves ccurse and the 
median flattening between these curves bounding the original gap (g) are recog
nizable even though only faintly indicated. 

All these facts combined prove that within the Smanthropus group; the 

appearance of a trigonum mentale for the first time is realized. 

It is of importance to know the details in this respect within the Neanderthal group. Most writers con
tend themselves with the simple statement that a chin is absent in the latter form. However, it is obvious that 
the matter in question cannot be settled by such a general remark. Here also a differentiation should be made 
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between the features "mentum osseum" and the "trigonum mentale." With reference to the latter, Gorjanovic-
kramberger (1908/09) reported the presence of a "flat mental plate" in the Krapina mandibles G, H and I 
With a slight swelling in the case of jaw H and with faint spurs tapering laterally on each side in the case 
of ,aw 1. H . Virchow (1920) claimed that in the two Ehringsdorf mandibles the "tuber mentale" is recognizable 
as a rather faint round.sh eminence not only palpable but also visible. As much as the casts will permit me to 
judge, f am able to confirm Virchow's statement. In this comparative study 1 found that the Krapina jaw 1 
exhibits the same features as the jaws H I and B 1 of Sinanthropus: the triangular shape of the mental swelling, 
the outline of the lateral corners and the median depression associated with the interdigastric spine. With regard 
to the mandible of Spy, Hrdlicka (1930) states: "There is no chin eminence, yet there is a slight broad cbin 

with a moderate depression above." This remark implies that a mental tiigonum 
is here in the stage of development. Unfortunately, the mental region in the 
Heidelberg jaw is so badly damaged as to render it impossible to decide whe
ther or not a trigonum was present. According to the cast it seems that a 
tuber symphyseos had existed (textfig. 54). 

The projection of the . entire basal part of the front against the alveolar 
region characterizing recent man is a consequence of quite a different process 

a *fm which took place in the course of phylogenetic evolution. As stated above, this 

Figure 14. Mental trigonum projection in part depends upon the existence of what H . Virchow (1920) termed 
of the Sinanthropus child B1 (8-9 "incurvatio mandibular anterior." The incurvatio is represented by a more or 
years old). Abbreviations:— g, • i r i . t r • i .i .i • . i t .1 

, " . . . , , , less deep turrow which courses from one side to the other just below the 
gap between the original halves; r * 

fm, fossa mentalis. alveolar border. In this connection it is of no significance whether the foremost 
point of the alveolar border (incision) is perpendicular above the corresponding point of the basal part (gnathion) 
as in the case of the orthognathous jaw or whether it projects as in prognathism. The important factor marking 
the difference between apes and recent man remains the presence of that separating depression. 

As I have demonstrated earlier (1934) the incurvatio itself is the result of two different effects, which 

nevertheless appear to be due to the same process. Compared with the mandible of the other primates the jaw 

of recent man is shorter and, instead of a more tapering front end, there is a flattened frontal plane. These dif

ferences are evident in particular in the shape of the dental arcade. The front teeth between the two canines are 

arranged in a straighter line in recent man, while in monkeys and apes they rather form a curve. This change 

is attributed to a real retraction of the frontal part of the alveolar region, in association with another process. All 

teeth of recent man which occupy the dental arcade previous to Mi have undergone a gradual decrease in size, 

which became effective in crowns as well as in roots, but more especially in the latter. This decrease particu

larly prominent in the canine must influence the bulkinesi and most of the thickness of the alveolar part within the 

entire area occupied by the roots. In contrast to the reduction of this part the basal region which offers the 

working field for muscle action and dynamic efficacy is much less affected. Thus, the lower part retains its 

position, so to speak, and consequently projects beyond the reduced upper part. In this way the mentum was 

formed. 
It is evident that both processes, namely the formation of the mentum osseum and that of the trigonum 

mentale discussed above, though different in the special way of development, are connected with each other. The 
formation of a more flattened frontal part instead of the originally more pointed one is the other cause for the 
two processes, namely the reduction of the teeth and the alveolar part on one hand, and the formation of the 
basal gap within the symphyscal area and the trigonum mentale respectively on the other. . 



A-i.* -

(ill) 38 Palaontologla Sinica Ser. D 

The existing conditions in the mandibles pertaining to Sinanthropus yield a reliable proof for the correctness 
of such an assumption. The comparison of the dental arcades of 'jaws G 1 and H I with that of the Heidelberg 
jaw and that of recent man (textfi0s. 77-80, 84-88) demonstrates clearly the change in the outline of the arcade. 
However, this question will be discussed more in detail elsewhere. As to the incurvatio mand.bulee anterior there 
exists a slight depression which can best be seen in a profile view of jaw H I, indicating the beginning of a 
separation of the basal part from the alveolar process (Plate VII, fig. 1, Plate XI , fig. 2; textfig. 4). This 
incurvatio is much more marked in the jaws within the Neanderthal group, as for instance in the Krapina jaw* H 
and I and in that of Spy I. Unfortunately, the Heidelberg jaw is damaged in this particular region, but it 
seems to me that there was present also a depression similar to that observed in Stnanthropus jaw H 1. 

As it is planned to discuss the teeth of Sinanthropus in a separate publication, it is sufficient here to 
remark that in spite of the great differences in size due to sex (Weidcnreich, 1935) the crowns of the teeth as a 
whole are much larger than those in recent man. However, the decrease in size is still mere apparent when comparing 
the length of the roots. In my often quoted publication (1934) I gave comparative views on what I termed the 
"root area/* The latter designation involves the whole of the front region embraced by the roots of the incisors 
and those of the canines of the two sides. 

An attempt was made by the writer in 1934 to illustrate the gradual reduction of the roots and the area 
occupied by them. In the female gorilla chosen as an example for the anthropoids with large canines and long 
roots the size, the depth and the direction of the alveoli was determined by removing the teeth and projecting 
their outlines on the anterior surface of the jaw as well as the outlines in profile view by means of Schwarz' 
stereograph (textfigs. 15 and 16). The median plane is also traced in profile view. The roots converge toward 
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Figure 16. The same as in fig. 15 in profile view. 
Figure 15. Frontal part of the mandible of a female adult the median section being indicated by interrupted lines, 

gorilla. The dotted field represents the root area; the interrupted Natural size. 

' •'..'. * 

lines indicate the contours of the respective tooth roots traced 
in correct frontal projection. Natural size. 

the midline and almost reach to the basal margin. The area embraced is represented by dotted lines. The roots 
of the lateral incisors are considerably shorter and more slender than those of the canines but nevertheless they 
occupy two thirds of the symphyseal height. They slightly converge to their tips too. The roots of the medial 

- incisors are still shorter and more slender, standing upright and scarcely pass beyond the middle of the symphyseal 
height of the jaw. The profile view also shows how far the area extends downwards but at the same time it 

reveals to what extent the thickness of the front part of the jaw depends upon the space occupied by the roots 
* 
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of these teeth. Thus, these two figures show at a glance that the inclination of the entire front part, the projection 
of the alveolar border and the gradual recession to the basal margin is very closely connected with the length 
and thickness of the roots of the front teeth, especially of the canines. The skiagram of the frontal part of an 
adult female orang (Plate VI, fig. 9) reveals the same conditions, especially in regard to the length of the 
roots. .«.*-. \ *?•: 

ie canine 

In striking contrast to the feature described above are the conditions prevailing in recent man. Two 
characteristic types are given in textfigures 17, 18, 19 and 20; one of them represents an Australian native with 
an orlhognathous mandible (texlfigs. 17 and 18) and the other a Malayan with a pronounced prognathism of the 
jaw (textfigs. 19 and 20). The Australian jaw exhibits only a shallow incurvatio with relatively large teeth and 
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Figure 17. Frontal part of the mandible of a modern Australian 
native. The root area is illustrated in the same way as in fig. 15. 

Figure 18. The same as in fig. 17 in 
profile view. 
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Figure 19. Frontal part of the mandible of a modern 
Malayan showing a strongly pronounced alveolar prognathism* 
Root area given in the same way as in fig. 15. Natural size. 
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Figure 20. The same as in fig. 19 in 
profile view* Natural size. 

long roots, while the Malayan jaw sKows an extraordinary deep incurvatio with relatively large teeth and short 
roots. A comparison of the two respective types with the gorilla shows that in recent man a marked reduction 
of the tooth size, especially in length and thickness of the roots, took place. The area occupied by the 
roots is much smaller in every respect and the considerable shortening of the roots is also evident. However, 
these figures at the same time also reveal that (1) some relation exists between the depth of the incurvatio and 
the robustness of the roots and (2) that the prognathism restricted to the alveolar process like that in recent man 
(textfig. 20) has no connection with the formation of a prominent chin (mentum osseum), the latter depending entire-
ly upon the existence of an incurvatio. 
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It is of the greatest interest to compare the conditions existing in the Heidelberg jaw or in another repre-.' 
sentative of the Neanderthal group with the gorilla on the one hand, and with recent man on the other. With 
regard to the Heidelberg jaw the writer used skiagrams of front and profile views kindly supplied by Dr. Rtigcr,. 
Tryfus and Weissenfels of Heidelberg. Textfigures 21 and 22 are accurate reproductions of the corresponding 
photographs. These skiagrams of the Heidelberg jaw show striking differences when compared with the jaws of 
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y Figure 21. Frontal part of the Heidelberg mandible. Root area 
traced on the basis of photographs and skiagrams. Natural size. -

Figure 22. The same as in fig. 
21 in profile view. Natural size. \ 

recent man. They also reveal the fact that the reduction of the crown size did not keep pace with the reduc
tion of the roots. Although in the Heidelberg jaw the size of the crowns of the front teeth does not exceed 
that of recent man, their roots, especially those #of the canines, are much longer and thicker than in corresponding 
teeth of recent man. This fact was overlooked by van den Broek (1932) who concluded from the relative small-
ness of the teeth of the Heidelberg jaw in contrast to the extraordinary bulkiness of the mandible that the forma
tion of the chin could not be the consequence of a phylogenetic reduction in tooth size. As to the Neanderthal 
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Figure 23. Root area of the man
dible of Sinanthropus child B I (with 
permanent incisors) traced on the skia
gram (Plate VI, fig. 5). Natural size. 
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Figure 24. Root area of the 
mandible of Sinanthropus child B V 
(with permanent incisors) traced on 
the skiagram (Plate IX, fig. 3). 
Natural size. 
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Figure 25. Root area of the 
mandible of a modern North Chinese 
child of the same age as Sinanthro-
pus B 1 (with permanent incisors) 
traced on the skiagram (Plate VI, fig. 
6). Natural size. 

fc-K. 

group I wish to refer to the figures given for the mandible of La Naulette quoted in my publication of 1934 
(fig. 69 I). In this case the area is smaller than that of the Heidelberg jaw but relatively much larger than 
that of recent man. 

Sinanthropus furnishes us with a good example for the demonstration of the relation between the size of 
the teeth and their roots, the thickness of the alveolar part and the formation of the incurvatio respectively. In 

~;V- <•"•#•*'•"-4*—' •• ' v . ' - -
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both juvenile jaws, namely B I and B V the permanent incisors are fully developed So that the length of their 
roots and the space they occupy within the area can be ascertained and compared with a recent child of the same 
stage of dentition. The skiagram of the frontal part of Sinanthropus jaw B I (Plate VI, fig. 5) and that of jaw 
B V (Plate IX, fig. 3) demonstrate clearly the length of the roots in question. The skiagrams of the correspond
ing parts of modern Chinese children of the same stage of dentition (Plate VI, figs. 6 and 7) permit us to com
pare the conditions in both cases. Textfigures 23» 24 and 25 show the differences illustrated by the method of 
marking the root area. As the skiagram (Plate XII, fig. 4) reveals, on the left side of Sinanthropus G I which 
belongs to an adult male individual only the root of the canine is totally preserved, those of the two incisors 
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Figure 26. Root area of the mandible of the adult Sinanthropus 
male G I traced on the basis of a skiagram of which the right side 
has been restored according to the preserved left side (Plate XII, fig. 
4), the length of the incisor roots having been substituted to corre
spond to the root length in figs. 24 and 25. Natural size. 

Figure 27. The same as in fig. 26 in 
profile view. -
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being partly broken off. But since the actual length of the roots of the two latter teeth can be measured on the 

basis of the preserved roots in B I and B V, it is possible to reconstruct also the area of the roots of jaw G I. 

For this purpose the skiagrams in frontal and profile views were made use of after having adjusted the jaw in the 

correct orientation to the alveolar plane. Textfigures 26 and 27 represent skiagrams completed by drawing. For 

Sinanthropus jaw H I which belongs to an adult female in which the front teeth are 

not preserved skiagrams were made of the preserved alveoli (Textfig. 28). 

The appearance of the root area of the male Sinanthropus jaw G I shows 
that the roots in question are much longer than those of recent man and slight
ly also exceed in length those of the Heidelberg jaw. Sinanthropus H I 
remains behind in this respect, which is apparently due to the fact that the 
canines of female individuals corresponding to the difference in size of the jaws 
are smaller in all their dimensions (compare Weidenreich, 1935, Plate II, fig. 3) 
than those of males. -ji[. 

An approximate computation of the height of the area in relation to the 
height of the whole jaw and of the single tooth, beginning with the medial 
incisor to the canine, yields the following figures: 

Figure 28. Drawing of 
the skiagram of the frontal 
part of Sinanthropus 
mandible H 1 viewed from 
the lingual side. Note the 
shaded area in the chin 
region (a). Natural size. 
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Gorilla cf ; . . . . 55-89%-

Sinanthropus G I cf.. 47-69% 

Heidelberg ? 39-58% 

Australian cf 33-50% 

Malayan cf 19-42% 

In the juvenile jaws the extent of the area is computable for the incisors only, since the canines 
deciduous teeth. 

Sinanthropus B I 9 62-69% 

Sinanthropus B V cf 53-67% 

xr>". Modern Chinese child 43-44% 

A great difference exists between the adult and juvenile stages because in the latter the length of the 

roots in relation to the height of the jaw is much greater than in the adult mandible. This feature is due to ths 

fact that the incisors achieve their definite length before the jaw attains its definite height. 

- As to the difference between male and female it may be that the reduction in the tooth size occurring 

in the course of human evolution advances faster in the latter than in the former. Perhaps it is a consequence 

of this that the relief of the front part in Sinanthropus jaw H I is more developed in the sense of the defini

tive stage than seems to be the case in Sinanthropus jaw G I the middle part of which is missing. 

Therefore all observations on the Sinanthropus jaws foster the assumption that the prominence of the 

mentum osseum is the result of the reduction of the front teeth, especially of the canines, which causes a 

decrease in size of the entire alveolar process and again as a consequence of this a protruding of the basal part 

beyond the alveolar part. •f *• 
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Figure 29, Comparative profile views of the root areas of female gorilla (a); Sinanthropus G I (b) 
and a modern Malayan (c). All three views are oriented in the alveolar plane. The drawings illustrate 

• at the same time the anterior alveolar arch (p. 108 & ff). Natural size. 

j Textfigures 2p a-c demonstrate clearly that this reduction takes place especially at the roots and that the 

formation of the "incurvatio" depends directly upon the extent of this reduction. For this purpose I placed side 

by side profile and median projections of the gorilla Jaw (textfig. 16), that of Sinanthropus jaw G I (textfig. 27) 

and that of the jaw of recent Malayan (textfig. 20) which exhibits a very pronounced alveolar prognathism com

bined with large and high crowns but short and small roots of the front teeth. • 
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A comparison of the Sinanthropus jaws with those of the Neanderthal group with reference to the chin 

(mentum osseum and trigonum mentale) shows that Sinanthropus approaches closely the Krapina mandibles E and 

H . The adult jaw of Ehringsdorf may also belong to the same type. I even believe that the differentiation 

of the mental trigonum in Sinanthropus may be slightly more advanced than in the case of the Krapina jaws. 

Yet the Heidelberg jaw appears to be more primitive in this respect. However, one fact should not be over

looked. Both Sinanthropus jaws in which the region in question is well preserved, namely the juvenile jaw B 

I and the adult H I, very probably belong to female individuals judging by the size and bulkiness of bone and 

teeth. Male individuals in which the chin region is completely preserved have as yet not been recovered. The 

robustness and the absence of a well developed relief in the male jaw G I lead to the supposition that the 

details of the chin region are not as fully developed as in the case of the female jaw H I . Therefore, it 

is possible that a male jaw of Sinanthropus with the particular region preserved may resemble more closely the 

jaw of Heidelberg in this respect than those we now have at our disposal. 

3 . The inner surface of the frontal part — planum alveolare, tori transversi, fossa genioglossi, spinas mentales. 

The inner surface of the frontal part of the human mandible has repeatedly been the object of extensive 

investigations based upon the comparative method of examination. With reference to this the reader is referred 

to the publications by Gorjanovic-Kramberger (1909), Toldt (1915), Thomson (1916), Holl (1919), H . Virchow 

(1920) and those by the writer (Weidenreich, 1934) in which the questions concerned were discussed in detail. 

The mandible of gorilla furnishes the best example for an extensive study of the details under considera

tion. The inner surface, the appearance of which may be simplified by the outline of a median section (textfig. 

30, a), runs from the alveolar border on an inclined plane (p) down and backwards. This plane is known under 

different names, the English called it "epimedial torus", Walkhoff "Lingualwulst", Schwalbe "planum alveolare", 

Virchow "promontorium." In its upper part the planum is more or less concave and proceeds gradually to a 

- strong swelling (ts). Below this swelling there is a relatively large cavity (fg) extending frontwards and side

wards, forming a kind of niche. The bottom of this niche is represented by another projection directed straight 

backwards. The posterior margin of this projection at the same time is the lower margin (ti) of the jaw. All 

the formations quoted have specific names. The upper swelling corresponds to Holl's torus transversus superior, 

the niche to Toldt's fossa genioglossi and the lower projection to Holl's torus transversus inferior and Virchow s 

basal plate ("Basalplatte"). It deserves special mention that the torus transversus superior continues lateralwards in 

the elevations of the posterior alveolar process projecting inward beyond the basal part. The torus and the swell

ing combined form what Virchow (1920) called an "arcus intermedius", or perhaps better: inner mandibular 

arch. With this arch we deal with the narrowest inner contour of the mandible. 

The alveolar planum, itself does not offer any particularity worth mentioning. As the name indicates, the 

fossa genioglossi was considered the site where the genioglossi take their origin. But H . Virchow pointed out 

that this interpretation is not correct, for those muscles do not attach to the depth of the niche itself but to the 

upper side of 'the torus inferior. At this site the muscular area of the ^genioglossi and geniohyoids can be 

recognized. In juvenile gorillas they consist of two pairs of small areas, a superior larger one and an inferior 

smaller one; the first pair separated by a narrow low ridge gives origin to the genioglossi. The inferior areas 

adjoin closely the superior, being separated only by a narrow transversal ridge from the latter. In the adult 

gorilla the basal plate developing backwards takes a more horizontal direction, with the areas of the genioglossi also 

extending backwards; those of the geniohyoidei shift to the outermost margin of the plate and even beyond this by 

means of a secondary spine which is formed in the midline between the two muscles touching each other. In the 

fore-wall of the niche there arc small foramina, the numbers of which vary, through which vessels enter the bone. 
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In the adult chimpanzee (textfig. 30 c) the relief of the inner surface is as a whole the same as that in 
gorilla, with the exception that the geniohyoid spine is not developed generally. However, in orang (textfig. 30 
b) the appearance is different in so far that the real alveolar planum is more or less absent and the inner surface 
follows a line parallel to the outer contour. Corresponding to this the torus superior is less pronounced and the 
fossa genioglossi generally forms a larger and shallower depression. 

In contrast to the anthropoids the inner surface of man offers a very different aspect (textfig. 30, d and e). 

An alveolar plane is missing; only in jaws with strongly pronounced alveolar prognathism the slope of the inner 
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Figure 30. Median sections through the symphysis to demonstrate (I) their shape; (2) the degree of inclination of the frontal 
part to the alveolar plane and (3) the poiition of the foramen supraipinosum in relation to the height of the symphsis. Dcsigna-
tions:— a. adult female gorilla: b. adult female orang; c. adult male chimpanzee: d, Paleolithic recent man of Choukouticn (No. 
101); e. modern Australian native (No. 24); f. adult female Sinanthropus H I: g. Sinanthropus child B I; h. Krapina H; 
i. Krapina 1; k. Spy I; 1. Heidelberg mandible. Abbreviation.:—ig, fossa genioglossi: p, planum alveolare; .m. spina mentalis: 
ti, torus transversa interior; ts, torus transversus superior. Natural size. " ' """"̂  

surface is not so abrupt as in the case of orthognathous jaws (d) and declines in its upper part moderately 
backwards and downwards (e). In this case also the torus superior is indicated as a slight swelling (e) beyond 
which the basal part of the mandible again courses forward. However, it must be noted that an indication of 
planum and torus sometimes also occurs in orthognathous jaws. AJossz genioglossi does not exist as a rule, but 
i\: ma>j>ejo^und^ccasiooally.as_stated by ToIdt.(l915),JThomson_(l916)_and by~~thc writcr_.(1934)._ In such 
cases the fossa is represented by a small hollow impression. The most conspicuous difference between recent man 
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and anthropoids exists in the basal part of the inner surface which is occupied by the mental spines. T h e spines 

are not located at a special swelling like the torus inferior but pioject from a more even plane. T h e spines 

consist, if well developed, of two pairs of small crests, an upper and a lower pair. T h e upper pair is large and 

its eminences divert further from each other, while the lower pair is smaller, the eminences almost touching each 

other. - . i . 

Besides these peculiarities there is a great difference in the position of the basal part in relation to the 

frontal plane. A comparison of textfigure 30 a with textfigure 30 d shows that in recent man the outline of the 

inner surface runs forward below the spines for the attachment of the genioglossi (sm). In this way the spines 

present that psrt which projects backwards furthest. Y e t in gorilla the lower spines (ti) act in the same way. 

Thus the impression arises that the basal part of man seems to have turned forward to the same extent as the 

alveolar part receded backwards. Although as great as the variability of the whole region in question may be , 

yet the general character remains the same. Textfigure 30 reveals still another peculiarity of man when compared 

with the anthropoids. In most cases of recent man a single foramen opens into the bone immediately above the 

upper pair of the mental spines, corresponding to the foramina of the fossa genioglossi in anthropoids mentioned 

above. This foramen marks a characteristic boundary. T h e part of the jaw situated above this opening repre

sents the alveolar part, the part below it the basal part. Textfigure 30 , in which the position of this opening is 

indicated by a point, exhibits very clearly that in gorilla and chimpanzee 

the alveolar part is much higher and thicker when compared with the 

corresponding part in recent man, and that about the reverse holds good 

for the basal part. This change furthermore supports the assumption 

that the basal part, that is to say, the chin, projects as a result of a real 

reduction of the alveolar part. 

H o w is Sinanthropus in regard to all these peculiarities? T h e 

region in question is completely preserved in the adult jaw H I and in the 

juvenile jaw B I. In the adult jaw H I V the margin of the basal 

part is missing, but the region of the mental spines is preserved. In 

jaw H I -the inner surface (Plate V I I , figs. 2-4, Plate V I I I , fig. 

2 ; textfigs. 3 0 f and 31) is slightly hollow immediately below the 

alveolar border and rise! to a flat, smooth and diffuse swelling which 

corresponds within this position to the torus superior. Below this the 

muscular area is developed very distinctly. It is about 9 .5 mm long 

and about 7.5 mm broad and consists of a faint rough eminence 

which contrasts to the surrounding smooth surface. A t this point there arise three spine-like formations, two 

superior ones forming a pair and one single inferior one (Plate V I I , figs. 2-4; Pla te V I I I , fig. 2) . T h e measure

ments of the superior spines a r e a s follows: — -
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Figure 31. Lingual surface of the 
adult female Sinanthropus mandible H 
I, Abbreviations:— fs, fossa subalvco-
laris; sm, spina mentalis: tm, torus man
dibular is. Natural size. 
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eft spine 

3.4 mm 

1.9 mm 

1.0 mm 

right spine 

4.4 mm 

1.5 mm 

1.2 mm > v.* 

T h e distance between the two spines is 3.5 mm. T h e single lower spine situated in the middle line 

and partly inserted between the two upper ones is narrower and longer than the latter: **&'*?&& 
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length 
•V thickness at the 

heiaht 

*#iiv*V./N *i 6.2 mm 
1.2 mm 
0.8 mm 
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Below the lower spine there is a fine grain-like eminence and directly below it a distinct spine belonging 

to the basal trigonum (see above). 

The change in the course of the line occurs in the region between the 

upper and lower . spines so that the latter are directed downward and back

ward. In the middle between and partly above the upper spines there are two 

foramina supraspinosa, a smaller and a larger one. 

Jaw H IV (Plate IX, fig. 10 and textfig. 32) shows the same 

particularities as jaw H I. Just below the alveolar border a shallow depres--

sion is recognizable but an alveolar planum is not developed nor a real torus 

. superior, although a corresponding swelling is faintly palpable. Beyond this a 

small and shallow depression is found which is followed by the muscular area. 

The area like that in jaw H I is situated at an indistinct elevation and con

sists of two long and narrow spines, one on each side. The spines slightly 

converge toward each other. Below the spines the jaw is broken off. The 

measurements of the spines are as follows:— . 

sm 

^ &«&**? left 

Figure 32. Lingual surface 
of the female adult Sinan-
thropus mandible H IV. Abbre
viation:— sm, spina mentalis. 
Natural size* 

;./*'. 
j&#; 

length • 7.0 mm 

greatest breadth 2.2 mm 

height 0.4 mm 

The distance of the upper ends of the two spines amounts to 3.7 
cannot be found. 
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right 

8.0 mm 

2.3 mm 

0.6 mm 

mm. A 
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foramen supraspinosm 

to, 

The juvenile Sinanlhropus jaw B I has a different appearance (Plate 

II, figs. 5 and 7, textfigs. 30 g and 33). The alveolar border projects 

slightly. Below this swelling there is a distinct oval pit about 6 mm long 

in sagittal diameter. Next to this depression a well developed eminence is 

evident. It corresponds to the torus superior, even though it appears more 

like a blunt median tuber. The lower slope of this protuberance proceeds 

to a niche-like roundish pit at the bottom of which two small foramina 

jijperspinosa of unequal size are recognizable. Beyond this depression the 

surface rises again to form another eminence the lower margin of which 
represents the basal border.of the jaw. This eminence corresponds to the 
torus inferior. At the site of this swelling there are three rough and 

elevated areas, two upper ones, one on each side and a narrow lower one 
just in the middle line. The upper areas extend with their upper ends into the niche and are separated from 

each other by a narrow smooth line which continues downwards to the median stripe-like area. The latter bends to 
the lower margin of the jaw. " 

- r i r i i t i i 

the measurements or the three areas are as follows: 
Upper areas, length: left, 4.5 mm; right, 3.5 mm; breadth: 8.2 mm (the two together). 
Lower area, length: 6 mm; greatest breadth: 1.9 mm. 

sm 
Figure 33. Lingual surface of 

the female Sinanlhropus child B 1. 
Abbreviations.— fg, fossa genio
glossal sm; spina mentalis. Natural 
tize. 
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The upper part of the juvenile jaw B V (Plate IX, figs. 2, 4, 5) resembles more the adult jaw H 
IV than that of B I. The impression below the alveolar border, the torus superior and a slight depression 
beyond it are recognizable. The muscular area is partly damaged and partly broken off. 

The juvenile jaw B IV (Plate VIII, fig. 7), the youngest of all the Sinanlhropus jaws, is broken just 
in the middle but the fracture deviates laterally in the lower part so that the greatest part of the regions in, 
question is missing. Nevertheless, it seems that a torus superior existed and is continued into a depression below 
it. 

It is evident from this description that in regard to the details of the inner surface there is no fundamental 
difference between Sinanlhropus and recent man. It may even be true in some cases that the torus superior 
and the fossa genioglossi are more pronounced in recent man than in Sinanlhropus- Rather surprising is the aspect . 
of the muscular area.* Exactly in the same way as it is in recent man, there are mental spines resting on 
a moderately elevated base. It is true that the spines themselves are small but the same conditions may be 
found in recent man also. On the other hand the spines are very distinct and clearly developed. These condi
tions in the adult jaw are confirmed by those observable in the juvenile jaw. The latter jaw has more the 
appearance characterizing anthropoids, although the details are not so strongly pronounced as in anthropoids. In most 
cases of recent man of corresponding age the spines are only indicated by small rough spots which do not project 
beyond the general level of this region. It seems therefore that in the juvenile Sinanthropus jaw the pithecoid 

character is^more realized and that it is lost in_the. course of ^individual growth_until the definitive dentition is,, 

attained. 
The close approach to recent man in this regard is all the more remarkable as the greater part of the 

mandibles of the Neanderthal group is more primitive and more anthropoid-like than those of Sinanlhropus. The 
planum alveolare, the torus superior and the fossa genioglossi are especially marked in the adult jaw of 
Ehringsdorf and in the Heidelberg jaw (textfig. 30 1). The first mentioned would represent a very primitive type, 
provided that the exaggerated formation of the details in question is not the consequence of the doubtless patholo
gical conditions of the alveolar part. The various Krapina jaws approach closely those of Sinanlhropus, although 
the muscular area of none of them is so like that in recent man as it is in the case of Sinanlhropus. In the 
Krapina jaws D, G and E mental sp'nes are absent, their whole appearance resembling that of the juvenile 
Sinanlhropus jaw B I. The same is true for the jaw of Spy I and that of La Naulette. In the Krapina jaws 
H and I (textfig. 30 h, i) mental spines are developed but according to the casts they only form an indistinct 
rough bony mass and do not show any clear differentiation such as found in the adult Sinanlhropus mandibles. 

I shall return to the statements just discussed in the following pages. 

4. The inner surface of the lateral part: prominentia alveolaris, fossae subalveolares, linea mylohyoidea — 
... . . >i V* 

torus mandibulans. 

The relief of the inner surface of the body in recent man is characterized by the position of the alveolar 
process in relation to the basal part of the body. Both parts of the body, namely the alveolar process as well 
as the basal border form arches, but the posterior part of the first is narrower than that of the second. The alveolar 
process therefore projects here medianwards and hangs over the basal part (textfig. 34). The overhanging process 
appears as a console-like prominence which may be called ''prominentia alveolaris" (pa). The prominence begins 
approximately in line with the first premolar, corresponding to the increasing narrowness of the body, and gradually 
becomes stronger so that it obtains its largest development in line with the last molar. Below the prominence 
the surface recedes laterally to form a more or less shallow depression which sometimes assumes the appearance of 
a furrow. A part of this formation corresponds to the so-called fossa submaxillaris (fs). The location of the 

>:f. 
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prominence in relation to the fossa and the lower margin can best be demonstrated by a cross section through 
the body behind the second molar. Textfigure 34 illustrates such sections perpendicular to the alveolar plane h-k 
pertaining to recent man. 

pa 
mh 

! 
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Figure 34. Cross sections through the left side of the body of the mandible between Ma and M3 perpendicular to the alveolar 

plane. The arrow pointing to the lingual side indicates the position of the linea mylohyoidea. Designations:— a, adult female 
gorilla: b, adult female orang; c, adult male chimpanzee; d, adult male Sinanthropus G 1; e, adult female Stnanthropus H 1; f, 
Heidelberg mandible; g, Krapina 1; h, modern Australian native (No. 14); i, recent Prehistoric Chinese (Kansu 404/15): k, modern 
North Chinese male (No. 17). Abbreviations;— fs, fossa subalveolaris; mh, linea mylohyoidea; pa, processus alveolaris. Natural 
size* 

The prominence itself is divided into two parts, an upper and a lower one. The surface of the upper 

prominence is more or less, elevated and rough, while the lower one is absolutely smooth. The first terminates in 

an irregular line which at times is well developed and then again only faintly indicated (textfig. 35, mh). Inis 
line seems to form the boundary between the two 
areas and represents the attachment for the mylohyoid 
muscle. It is therefore called "linea mylohyoidea. In 
textfigure 34 its position is marked by a point (mh). 
The line does not at all determine the lower end of 
the prominence as described by some authors. H. 
Virchow (1920) for instance described the linea mylo
hyoidea as a brim caused by abrupt thinning of 
the bone which is thicker above this line. It only 
terminates the elevated and rough part of that swelling. 
The uncvenness is at times and in special places very 
pronounced and represents characteristic tubercles (textfig. 
35) which then represent the so-called torus mandibulars 

$ nth 

jfsj> 

1 

mh 
Figure 35. Torus mandibulars of modern North ' 

Chinese man (No. 17). Abbreviations:— fsa, fossa sub- ; 
alveolaris anterior (fossa sublingualis); fsp, fossa sub
alveolaris posterior (fossa submaxillar is): mh, linea 

% 
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£ V $ mylohyoidea: tm, torus mandibularis. Natural size. to be discussed separately. 
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The fossa submaxillaris is occasionally more marked by a slight projection of the lower margin toward 
the inner side of the jaw. The posterior end of the prominence continues behind the last molar with a thicken-, 
ing which descends from the coronoid process of the ramus. Lenhossck (1920) called this eminence "torus mandi-
bulae , an expression which may cause some confusion because much earlier the term "torus mandibularis" was 
associated with a very different formation. I therefore propose the term "torus triangularis" for Lenhosselc's 
protuberance; the explanation will be given below. Corresponding to this direct connection between body and 
ramus the fossa submaxillaris in many cases proceeds directly to the depression between the torus triangularis and 
the tuberositas pterygoidea starting from the mandibular foramen. The roughness of the alveolar prominence ceases 
upon reaching the torus triangularis and the same is true for the mylohyoid line. At times the alveolar border 
lateral to Ms is represented by a sharp edge with tubercle-like elevations. 

H. Virchow (1920) pointed out that the fossa submaxillaris and also the fossa sublingualis (see below) 
have nothing in common with the glands after which they are termed, these glands being only in very loose 
topographic relations with the corresponding regions of the jaw. The same author believes that the formation of 
those fossae would result from the decrease of thickness during the transformation of the anthropoid jaw into that of 
a man. 

.- •**. j / f J-.**.*..»:wt*r 

As to the fossa sublingualis the extent and deepness of this pit is very variable in recent man. It fs 
located laterally from the mental spines and in the same transverse level as these. Backwards it continues with the 
fossa submaxillaris but is usually separated from the latter by a faint swelling over which the mylohyoid line. 
courses in the direction from above and backwards to the front and downwards (textfig. 35, fsa). This line thus 
marks the boundary between the two fossae. Toward the alveolar part the fossa sublingualis is limited by a 
broad swelling which corresponds to the torus superior and its lateral continuation or in other words the fossa is 
situated just below the anterior parts of the inner mandibular arch (compare above). The fossae sublinguales of 
both sides are not infrequently connected in the symphyseal part of the jaw by a transverse depression identical 
with that described above and one which partly corresponds to the fossa genioglossi. 

The writer agrees with H . Virchow's finding that the existence of the two fossae, fossa submaxillaris and 
fossa sublingualis, is independent from the glands in question and that the relations between them are purely topo
graphic in nature and rather subordinate. As mentioned' above the fossa submaxillaris results from the incongruity 
between the width of the alveolar arcade and that of the basal arcade. The fossa sublingualis owes its forma
tion to the same conditions, representing only the anterior part of the fossa submaxillaris from which it is separated 
merely by the attachment for the mylohyoideus (textfig. 35). It would therefore be correct to change the terms of 
these formations and to call the whole depressed part of the inner surface "fossae subalveolares.** The fossa sub
maxillaris should be termed "fossa subalveolaris posterior" and the fossa sublingualis "fossa subalveolaris anterior. 

I regret to have to oppose H. Virchow in his assertion that the pits in question do not occur in anthro
poids, with the exception of the fossa sublingualis which is found in the orang. Corresponding to its real signi
ficance the fossa subalveolaris is common in all catarrhines with a greater or lesser degree of development, and the 
same is true for the fossa sublingualis. In anthropoids where the body of the jaw is generally very robust and 
thick, the alveolar prominence slopes equally to the lower margin. Nevertheless, not infrequently a more or less 
pronounced curvature below the prominence can be observed here, conforming entirely to the fossa subalveolaris in 
recent man (textfig. 34, compare a-fe with M ) . It must be admitted that generally this curvature is not as 
deep as in the case of recent man but on the other hand it should be taken into consideration that the variability 
is very great. In strong jaws, for instance in the specimen the outer surface of which was reproduced as text-
figure 2, the fossa is not more developed than in the case of the gorilla illustrated in textfigure 34 a. A» the 
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fossa sublingualis represents only the anterior part of the fossa subalveolaris the same'conditions hold' good' for this 
formation. _• f.». 

The same inaccuracy is met with in reference to the statement on the occurrence of the mylohyoid line in 
" anthropoids. Lenhossek (1920) states that it is completely absent in the latter. As mentioned above, H. Virchow 

tries to explain its alleged absence by the statement that the thickness of the bone in this place does not diminish 
so suddenly in apes as is true for recent man. 

In contrast to the above finding I observed the linea mylohyoidea in all three anthropoids, even though 
its appearance varied. In the case of an adult male gorilla the linea is represented by a jagged line which has 
its beginning in the region of the "torus triangularis'* (textfig. 59 mh) and runs obliquely forward and downward and-
terminates at the torus transversus inferior, near the middle line. With its posterior half the line delimits the 
rough area of the alveolar prominence which also exists in anthropoids. The anterior half is not so distinct but 
is, in any case, clearer than in recent man. In the case of an adult male orang of our collection the linea is' 
fprmed in the same way and to the same extent (textfig. 60 mh). The linea is also recognizable in an adult' 
male chimpanzee as a fine boundary line delimiting the rough area of the alveolar prominence (textfig. 61 mh). 
It may be admitted that the line in question is not so strongly developed in anthropoids as is generally the case' 
in" recent man'. • However, there remains no doubt that it really exists and. therefore there is no fundamental dif
ference in its appearance in man and apes/.-j.;. . ^ ' '.*. ' 

In Sinanthropus, especially in the well preserved H I (Plate VII, figs. 2, 4; Plate VIII, fig. 2 and textfigs.' 

36 and 37) the posterior part of the alveolar prominence projects far inwards, the fossa subalveolaris therefore 

being very prominent (fsp). The connection between the prominence and the torus triangularis (ttr) is remarkably* 
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fsp 
'zfffipfX * V ' Figure 37. Medial surface of the ramus of the female Sinan-

thropus H I. Abbreviations:— ced, crista endocondyloidea; cer. 
Figure 36. Ungual surface of the mandible of the crista endocoronoidea; ci, crista intermedia: cp. crista phar>ngca; > 

female Sinnnthropus H I. Abbreviations:—^, eleva- f9p, fossa subalveolaris; mh, linea mylohyoidea; pt, planum triangu-
tion near the lower margin; fsp, fossa subalveolaris; tm, hire: sc, sulcus colli: tpi, tuberculum ptcrygoidcum mfcrius; tps, 
torus mandibularis: mh, linea mylohyoidea. Natural tuberculum ptcrygoidcum supcrius; ttr, torus triangularis. Natura 
size. • •/•• size.-
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close as the interior edge of the latter continues directly to the posterior end of the prominence. The rough area 
of the prominence in the region of M, appears to rest on it as a special formation separated from the lower smooth 
party by a threshold- like undulating l i n e - t h e linea mylchyoidea (mh). Towards the anterior end of the rough 
area the line diverges from it and proceeds as a very fine stripe to the lower end of the mental spines. A fossa 
sublingualis in the form of a separated anterior part of the fossa subalveolaris beyond this line does not exist. 
The fossa subalveolaris (fsp) itself is limited at its lower boundary by an appreciable elevation which strengthens 
the inner surface of the lower margin of the jaw (e). 

In jaw G I (Plate IV, figs. 2 and 4) no such abrupt slope of the posterior part of the prominence toward 
the fossa subalveolaris exists as is present in H I (textfig. 34 d), because the swelling of the prominence flattens 
gradually. Therefore a fossa alveolaris is only faintly developed. Unfortunately, the anterior parts of this region 
are damaged but nevertheless it can be seen that here also the lower margin is elevated inwards. The linea 
mylohyoidea represents the lower limit of the rough area of the prominence which, however, cannot be traced beyond 
the level of Ma on account of its damaged condition. 

,.-• iH-w«*A Sinanthropus jaw A, II occupies a position intermediate 
between the two preceding jaws (Plate I, figs. 2,4,6; text-
fig. 38). The prominentia alveolaris is well developed and 
projects considerably inward but the transition to the fossa 
subalveolaris, which is also very distinct, occurs gradually. 
The linea mylohyoidea which bounds the rough aera is edge
like in its posterior part. It can be traced to almost the 
lower margin, then it disappears. A distinct "fossa sub-

Figure 38. Lingual surface of the body of the lingualis" does not exist. 
female Sinanthropus mandible A II. Abbreviations:— « t i i t r /rw . v i £ i i \ • L .J ! . . J «.J t , u i i • i t Jaw H IV (Plate XI, fig. 12) is so badly damaged lsp, lossa subalveolaris; pa, prominentia alveolaris; 
mh. linea mylohyoidea. Natural size. that only the lower part of a strongly projecting prominence 

and its well developed fossa subalveolaris is observable. 

The juvenile jaw B I (Plate II, figs. 2 , 4) exhibits the alveolar prominence, the fossa subalveolaris and 

the thickening of the lower margin to be exactly the same as in jaw H I and the same is true for the linea 

mylohyoidea. A fossa sublingualis is not evident. The other juvenile jaws show approximately the same 

features as far as they are preserved in the region in question. 

With reference to the prominence, the fossa and the linea mylohyoidea the Heidelberg jaw resembles Sinan

thropus jaw H I more than jaw G I. A fossa sublingualis does not exist unless the lateral part of the wide fossa 
genioglossi is not considered as including a depression corresponding to that fossa. . The adult Ehringsdort jaw 
forms an exception in this respect. It is not so much the strong inward projection of the whole processus alveolaris 
as the deepening of the underlying parts that produces an extremely furrow-like fossa subalveolaris, the two parts 
of which (posterior and anterior) are likewise very strongly outlined. In the juvenile jaw of Ehringsdorf these details 
are less developed. Among the other jaws of the Neanderthal group the mandible I of Krapina approaches Sinan

thropus jaw H I most closely. In comparison with this the latter appears to be a duplication or a very insignificant 
variation* 

There is a distinct difference in the appearance of the inner surface under discussion between Sinanthropus 

jaw G I and'the jaws H I, H IV and A II. However, this difference is not at all greater or more substantial than 
what is true in jaws of recent man or in those within the Neanderthal group. Viewed from the phylogenetic 
standpoint essential differences cannot be recognized to be evident between Sinanthropus, Neanderthal and recent 
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man. The variations observed with respect to details are all of the same nature in the three hominid types. It 
seems that they may depend on the individual robustness and size of the jaws rather than on the place occupied 
within the order of human evolution. A comparison of the various cross sections in textligure 34 makes this evi
dent. The contours of the Jaws of gorilla (a), Sinanthropus G I (d), Krapina 1 (g) and Prehistoric Chinese (i) do 
not reveal any remarkable distinction with regard to the relief of the inner and outer surfaces. Only the place, 
where the linea obliqua descending from the ramus meets the body, is marked by a sharp angle in anthropoids 
(textfig. 34 a-c, right upper corner) while the corresponding region in hominids is rounded off, the reason being 
that the linea runs further forward in anthropoids than in hominids. The only differences of some comparative 
value refer to the low level at which the mylohyoid line terminates and the absence of a "fossa sublingualis.** David
son Black (1929) already called attention to the fact stated above with regard to Sinanthropus jaw A 11. The occur
rence of the fossa subalveolaris anterior in recent man is connected with the entire complex of changes produced by 
the reduction of the frontal part and the formation of the chin. 

Torus mandibulars: As already stated in an earlier publication on Sinanthropus (Weidenreich, 1935) the 
inner surface of the alveolar process of the left half of the mandible G 1 is distinguished by a special formation (Plate 
IV, figs. 2, 3; Plate X, fig. 1). Approximately in line with the alveolar septum 
between Pi and P2 a considerable oval swelling arises and terminates exactly at the 
alveolar border. A second but smaller swelling is situated in front of this in line with 
the septum between C and Pi and further forward there are two very small elevations at 
the same site between C and I2, and 12 and Ii. Behind the main swelling there is another 
irregular, moderate elevation of the surface which occupies the whole alveolar part as far 
as the third molar, which gradually increases in height. Here it assumes more the 
character of a roughness furrowed within certain intervals by fine wrinkles which run 
parallel in slightly oblique direction down and backwards to above and forwards. The 
main swelling between Pi and P2 is about I'.O mm high, its mesio-distal length being 8.8 
mm, the swelling between C and P2 has the same height, but its length is only 5.7 mm. 
In downward direction the extent of the two swellings is 7.7 mm and 8.2 mm respective
ly. The two swellings behind the incisors represent small grain-like tubercles of about 
3.5 mm length and I'.O mm breadth. As to the right half of this mandible there is only 
a small fragment of the alveolar process in the region behind Pi and C preserved and this 
piece contains the same formation, namely a part of the swelling behind C and Pi and 
a part of the succeeding one behind Pi and P2, both separated by a deep and narrow 
wrinkle (textfig. 39). In size and extent this swelling looks absolutely like the cor
responding formation of the left half of the mandible. 

In jaw H I the same peculiarity as in jaw G I is recognizable (Plate VII, figs. 2 and 3; Plate X, ng. 
2 and textfigure 36), the only difference being that the whole formation is not so strongly developed as in the latter. 
Both C-Pi and P r P 2 swellings are very distinct, they are roundish, well limited and rather isolated tubercles of about 
4.0 mm diameter. Their upper border continues with a sharp striation running forward obliquely. In front or the 
first larger swelling there is a very small grain-like tubercle inward of the septum between I2 and C. The posterior 
protuberances in the region of the molar are indistinct irregularities more limited to the alveolar border, with the 
latter forming a special, thickened crest in line with the middle of Ma. 

Jaw A II has a somewhat different appearance (Plate I, fig*. 2, 6; Plate X , fig. 3 and textfigure 38), the 
swelling being more restricted to the region of the molars. The swelling in the region of the premolars seems to be 
reduced to a low and flat, longish elevation.' All protuberances situated more in front are completely absent. 

Figure 39. 
" N a t u r a T ' c r o s s 
section through the 
right side of the 
torus mandibularis 
of the male Sinan
thropus G I medial 
to the alveolus of Pa. 
Abbreviations: —• 
nPj, alveolus of P2; 
Pj, first premolar, 
tm, torus mandibul-
laris. Natural size. 
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The relief of the alveolar part is characterized by the presence of a great deal of striations which run in oblique 
direction and border correspondingly moderate elevated areas. 

In jaw H IV (Plate IX, fig. 10) the region in question is slightly damaged so that the conditions are 
not so easy to survey as in jaw A II. In addition the whole jaw behind Mi is broken off. Nevertheless, it is 
quite apparent that jaw H IV resembles jaw A II very closely. A light swelling in the region of Mi is evident 
and there is the same kind of striation running from its anterior and upper end to the premolars as in the cases 
of jaws H I and A II. 

Unfortunately, all juvenile jaws of Sinanthropus are more or less damaged at the site of the swellings. In 

jaw B I (Plate II, figs. 2, 3) the whole upper part of the alveolar process is missing and was restored with artificial 

material by Davidson Black. In jaw B III (Plate VIII, figs 9, 12) which is of about the same age as B I the only 

sign of an irregular surface is a small oblique ridge on the inner side of the deciduous first molar. The jaw B V 

(Plate IX, figs. 2, 4) which is a little more advanced in age than B I and B III also reveals a faint striation at the 

boundary between Pj and the first deciduous molar. 

Thus we are dealing with two types of the particularity in question in Sinanthropus* One is the 'stria

tion type** represented by striations with intermediate moderate elevations located in the region of the molars. The other 

type is the **tubercle type** characterized by larger and more distinct swellings in the region before the first molar; 

from here these swellings extend upward more or less isolated, or more correctly, they are separated from each 

other by wider furrows than in the striation type. Furthermore, they rapidly decrease in size so that the swelling 

of P a is the largest and that of K the smallest one. Whereas the tubercle type always occurs in combination 

with the striation type, the latter may occur independently. All the mandibles of Sinanthropus recovered so far 

show the striation type, the tubercle type occurring in its characteristic appearance only in the male jaw G 1 and 

in the female jaw H I. 

To realize the significance of that particular phenomenon two factors are of special importance. As 

described above the posterior part of the inner surface of the alveolar process is divisible into two parts, an 

upper, larger and rough one, and a lower, smaller and smooth one, the linea mylohyoidea marking the boundary 

between them. Texifigure 36 demonstrates that the rough part embraces the area of the stnations as well as that of 

the swellings, that is to say, that the former is nothing else but a regular and specific differentiation of the posterior 

rough part, whereas the swellings are to be considered as exaggerated irregularities of the same character occur

ring occasionally. This interpretation is supported by another fact. The small piece of the right half of jaw G 

I (textfig. 39) is broken just across the main swelling between Pi and Pa representing in this way a natural 

section through the body of the jaw. This reveals that the swelling is caused exclusively by a thickening of 

the compact inner zone (tabula interna) of the mandible without any participation of the spongy substance (textfig. 

39). 

Both these circumstances prove that the described peculiarities of the inner surface of the alveolar process 

are a mere differentiation of the superficial part of the bone and do not show any connection whatever with the 

internal structure of the mandible nor are they related with any special appearance of the teeth. However, 

the real reason why this peculiarity is so highly important is the fact that it is found in exactly the same degree of 

development in recent man. Danielli (1884) was the first to call attention to the occurrence of Mhyperostoses 

in the mandibles of Ostiaks and Lapps on the inner side of the alveolar process; Joren Hansen (1895) observed it 

as a special feature of Eskimo mandibles. Ftirst (1908) subsequently examined this formation more thoroughly in 

Eskimos and termed it "torus mandibulars. ** According to him it consists of one eminence or a series of them 

which may vary but in general show a distinct and regular arrangement. The highest of the single protuberance is 

usually located on the inner side of P2 . The protuberances throughout are composed of compact bony substance. 
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Furst and Hansen (1915) later gave a more detailed description of it. Hrdlicka in particular made repeated 
studies on this particularity in Eskimo jaws (1910, 1930b). In the meantime Hooton (1918) found the torus in 
question also in the jaws of the Icelander and considered it an Eskimoid character. According to him the usual con
centration of this bony reinforcement here is restricted to the region between the canine and the first molar. 

The most recent investigation of this formation has been made by Schreiner (1935) with special reference 
to its occurrence in Lapp jaws. This author calls the hyperostosis of the alveolar arch the "tori alveolares man-
dibulae" and describes them as follows: They may exhibit all degrees of development beginning with a thicken
ing of the compact bony substance only palpable but not clearly visible and ending with an enormous hyperostosis 
which may be determined as an osteoma. T h e location of this torus usually corresponds to the part of the alveolar 
process between C and P 8 — Mi . T h e torus shows the same or about the same extent on both halves of the jaw 
as a rule. T h e hyperostoses corresponding to the incisors, the canine and the premolars are generally located 
slightly below the alveolar border, but they may reach it in the case of stronger development. T h e hyperos
toses corresponding to the molars, especially to the two posterior ones, usually have a wrinkled surface and arise 
wall-like from the border. They never have the same largeness as the more anterior hyperostoses. Schreiner 
gives the following table demonstrating the anterior and posterior limits f the torus in 100 jaws: 

Anterior limit . . _ _ _ . 

Posterior limit 
;:-C ^ 

T h e pictures reproduced by Furst and Hansen, Hooton, Hrdlicka and Schreiner reveal that the so-called 

hyperostoses found in the jaws of Eskimo and Lapp correspond entirely with regard to their location, arrange

ment and appearance to the formation in Sinanthropus described above. 

I was able to complete the statements of the above mentioned authors by ascertaining the occurrence of 
the same phenomenon in recent and Prehistoric Chinese. However, I wish to emphasize on the different appearance 
of the formation in Sinanlhropus: the striation type and the tubercle type. The first 
mentioned type occurs mere frequently than the second which is, as stated above, 
combined with the other. Of course, the variation in recent Chinese is great so that 
it is not easy to give a precise description which could apply to all occurring cases. 
The striation type is illustrated in texlfigure 40, the jaw belonging to a North Chinese 
adult male individual. - It corresponds to that of Sinanthropus A II. The combined 
striation and tubercle types are represented by textfigure 35. The jaw reproduced 
in the latter also belongs to a North Chinese adult male individual. It is evident i x J S Z ^ ^ ^ X 

that in this individual the more pronounced swellings of the anterior part are nothing a modern North Chinese 
else but a continuation of the elevations of the molar region exactly as in the Sinan- m a n ( n ° ' ,33)* N a l u r a U i z c ' 
thropus jaw H I (compare textfigs. 35 and 36). In Plate X , fig. 4, another North Chi nese adult male 
individual is illustrated in which it is evident that the tubercles and striations bear entirely the same characteristics as 
those of Sinanthropus jaw H I (Plate X , fig. 2). A s itated by the above mentioned authors, it occurs at times 
that all of the various hyperostoses or at least one or several become hypertrophic ard foim more or less large 
globular protuberances which project far inward without passing over the alveolar border appreciably. In Plate X , 
fig. 5, such a case is illustrated of a jaw belonging to a Prehistoric (/Eneolilhic) Chinese. The hypertrophic 
torus refers here to that between P , and P 2 , the anterior ones being only grain-like, the posterior ones showing the 

. striation type. In this case the crowns of the teeth are worn almost up to the neck. On the outer side there 
are some indications of pyorrhoeic processes but this appears to be more the consequence of the extraordinary , 
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Figure 41. Cross sec
tion through the exaggerated 
torus mandibulars of the 
mandible of a prehistoric 
Chinese (Kansu 241/6) in 
line with Pi . Abbrevia
tions— la, labial; li lingual; 
cm, canalis mandibulars; 
P i , first premolar; tm, torus 
mandibulars. Natural size. 

}:'K'-T\f\ 

attrition rather than that of the abnormal alterations of the inner bony wall of the jaw, for in other cases where 

the attrition is normal and pathological changes do not exist the torus may be enlarged to the same extent. 

This enlarged torus enabled the author to study its structure in detail. A cross section was made in which 
was found that the whole protuberance was of a very hard and ivory-like consistency. It is strictly confined to 
the compact layer of the inner side of the jaw (tabula interna) and not mingled with any spongy substance at all 

(textfig. 41). Microscopic examination reveals that it consists throughout of a 
highly dense lamellar bone provided with very scanty and narrow Haversian canals. 
A comparison of the cross section of the jaw of a modern Chinese (textfig. 41) with 
that of Sinanthropus jaw G 1 (textfig. 39) proves that there is no difference in the 
character of the two structures. Therefore the tori mandibulares in Sinanthropus 

and recent man are completely identical in their position, appearance and internal 
structure. 

~~ As to the torus of recent man the most remarkable fact seems to be its restric
tion to certain groups of mankind. Table IV shows the frequency and 
distribution of the torus among the various groups, the figures being taken from the 
publications by authors cited. 

This table requires certain comment. The distinction applied for classifica

tion of different degrees of development of the torus is too uncertain, in addition it 

does not refer to the two types, namely the striation and the tubercle type. It 

seems that all the figures given by the respective authors refer exclusively to the 

tubercle type and that those entered under the heading **very pronounced and 

"pronounced** cases correspond to the exaggerated forms as suggested by the illustra

tions. In any case the list shows clearly that the torus is much more characteristic 

of the Mongolian than of the other races. The second striking factor is that the percentage of its occurrence is 

slightly higher in prehistoric or historic man than in present man. 

I undertook to make a corresponding study on the Chinese material at my disposal. As regards the 

tubercle type, the large tubercle between Pi and P2 was present in 15%, the smaller anterior one between C and P* 

o J y in 5 % , while the striation type in the region of the molars is more or less distinctly recognizable in about 40%. 

These figures refer to Northern Chinese of today. However, in the /Eneolithic material the tubercle type occurs 

much more frequently, amounting to 25% which includes forms only slightly developed. 

These figures together with those referring to Japanese and Scandinavian (see list) show that the torus 

mandibulars has been more frequent in prehistoric and historic times than today. As this decrease takes place 

without any connection to a special group, it seems that we are dealing with a real reduction of 'the formation. 

Thereby its occurrence in Sinanthropus has become of special significance. For there is no doubt that the torus 

in Sinanthropus and that in recent man are identical, the former corresponding to the "moderate or pro

nounced'* types of the respective authors. Of Sinanthropus we have four adult mandibles two of which show the 

tubercle type, the other two the striation type. Even if we decided to omit the latter type because figures neces

sary for an accurate comparison with recent man are missing, the torus (tubercle type) in adult Sinanthropus occurs 

in one half of. the specimens, and including the striation type its occurrence is to be found in all of them. This 

is to say that Sinanthropus approaches that group of mankind of today which is characterized by the peculiarity 

of a torus mandibularis. 
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Occurrence of the torus mandibularis in recent man ' *^T, V *&& * ' t* : f " ^ r *»/> 

Group 

Eskimo (Greenland) 

Eskimo 

Eskimo (Western): 
Adult Male 
Adult Female 
Children 

Eskimo . 

Eskimo Male 
Female 

Ostiak 

Lapp 

Lapp 

Lapp: 
Adult Male 
Adult female 
Children 

Icelander 

Ainu . 

Japanese: Neolithic 

Modern Japanese (Kinai) 

Japanese (Kranto) 

American Indian (South 
California) 

Scandinavian: 
Prehistoric and 
Middle Age 
Later periods 

INorevgian: 
Middle Age Male 
Middle Age Female 
Later periods: 

Male & Female 

Italian 

Total 
percentage 

85.0 

87.0 

79.5 
60.0 
24.2 

97.0 

62.5 
33.3 

31.4 

29.4 

30-35 

26.8 
38.8 
12.9 

67.9 

24.0 

62.1 

14.0 

_= , 

4.3 

17 0 
12.0 

24.0 
10.0 

3.3 
(slight) 

Average as given 
by the authors 
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69.7 

41.7 
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32.5 

3 $ ^ " f S y . 
9.4 

4 ' % . 4 ^ ^ ? % - • 

17.0 

12.0 

Authors 

Furst and Hansen (1915) 

• Hooton (1918) 

VHrdlicka (1910) 

Allen (1890) 

} Schreiner (1935) 
* 

Danielli (1834) 

DanielH (1884) 

1 

4 

Furst and Hansen (1915) 

•Schreiner (1935) 

Hooton (1918) 

According to Japanese publica
tions kindly communicated by 
Dr. Akabori „ . 

Hooton (1918) 

| Furst and Hansen (1915) 

V Schreiner (1935) 

Hooton (1910) 
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All of the earliest investigator* of the torus have noted its very close relation to the Mongol races. 
The figures given above for Japanese and Chinese serve to complete this observation. Yet, as seen in Table IV 
the occurrence of the torus is not at all confined to this racial group. It may be questionable as to what extent we 
should be justified in ranging the Lapps and the Ainu within the Mongol group. However, the Icelanders and 
Scandinavians would oppose any attempt toward forming such a subsumption. On the other hand the fact is 
significant that the torus has only been found sporadically in other populations, as for instance in the jaw of 
Italians, Hungarians, Slovenes, ancient Peruvians, American Indians. In all the existing literature no mention is 
made of its occurrence in Negroes, Malayans or primitive races like the Australians, Melanesians, etc. In the small 
collection of racial skulls at my disposal, I failed to find any indication of the existence of the tubercle type in 
the Australian jaws, however traces of the striation type have been observed in one of them. Among 38 man
dibles derived from Moravian ossuaries one jaw exhibits the tubercle between Pi and Pa very distinctly on both 
sides and at the same time characteristic striations inside of Mi. The writer is pleased to be able to demonstrate 
the occurrence of the torus in living man. In Plate X, fig. 6, the floor of the mouth of an American woman 
is reproduced. On each of the inner side of the alveolar arches there is a large swelling just inside of C and 
Pi which projects considerably and narrows the floor. It is covered by the gums which are smooth and light so 
as to appear to be very tightly attached to the bone. This feature corresponds to the absolutely smooth surface 
of the protuberance in the case of the /Eneolithic Chinese (Plate X , fig. 5). A faint furrow on the Surface 
of the swelling indicates that it consists of two parts, a larger posterior and a smaller anterior one. The subject 
remarked that her dentist called her attention to the presence of this particular formation which had never caused 
her any inconvenience. Her sister has the same peculiarity. The subject*s family is of European origin, one 
branch coming from Ireland. 

The earlier authors have discussed intensively the significance of 
the torus, but as we know at present that the torus goes back to Smart-
thropus and represents a very old morphological character of the hominid 
jaw, the entire question takes on another aspect. Firstly, it should be 
ascertained whether the same or at least a similar feature occurs in other 
primates. With reference to the anthropoids, the writer failed to 
observe anything that could be considered to be in direct relation to th* 
tubercle type of Sinanthropus. Only in the jaw of a female orang was 

v'-C'«y • •' •*«•: •'•. *'••.•:"•>• :-&>ffi££5i£J&l there found a unilateral, distinct, roundish swelling of the alveolar 

Figure 42. Prominentia alveolaris process inside of Mi and a second elevation, very faint, and just palpable 
striation type of the Ungual surface of an inside of Pj. On the other hand the striations of the molar region art 
adult male chimpanzee. Natural size. • t« n • MI t i J 1 

very common in chimpanzee as well as in gorilla. In such cases we deal 
with a series of fine and narrow undulated furrows which occupy the upper part of the alveolar process from Mj to 
Is and pass over its border to the brim of the alveoli so that the border looks like a ribbed pattern. The striation 
runs obliquely from below and backwards to above and forwards (textfig. 42). A comparison of textfigure 38 with 
textfigure 42 shows that the striations of chimpanzee are of the same kind as those of Sinanthropus. 

It would be of great value if we had a better knowledge of the occurrence of the formation in ques
tion in the jaws of the Neanderthal group. But unfortunately none of the authors who described the original material 
paid any special attention to these formations so that we are entirely dependent on the hardly reliable casts to form 
a judgement on the actual conditions. Some of the mandibles of the Neanderthal group, for instance the adult jaw of 
Ehringsdorf and more especially the Krapina jaw I, exhibit irregular tubercles at the alveolar border scarcely directly 
comparable with the torus mandibularis. In revising my earlier remarks (1935) I come to the conclusion that the circum-

• 
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scribed swellings at the alveolar part between Px and P a on each side of the Ehringsdorf adult jaw correspond 
to the torus of Sinanthropus and that the same may be true for the swellings between Px and P a on the left side 
and between Pa and W[\ on the right side in the jaw of Spy 1. Yet all the other peculiarities characterizing the 
torus in Sinanthropus and in recent man are absent. However, I have the impression that a striation of the 
molar region may exist in the Heidelberg jaw. In any case there is no jaw in which the torus is so well and 
typically developed as it is the case in Sinanthropus cr in the Mongolian group of recent mankind. 

In discussing the torus in question most of the authors devote extensive descriptions to its significance. 
Frcm Fiirst to Schreiner all agree that its formation is the result of mechanical causes. Hrdlicka (1910) remarked: 
*'the hyperostosis is undoubtedly of functional origin, the result of extraordinary pressure along the line of teeth 
most concerned in chewing, yet its occurrence in infant skulls indicates that at least to some extent the feature 
is already hereditary in these Eskimo (Southampton Island).** But Hooton (1918) objected to the above, stating 
that in such a case it would be natural to expect the concentration of the bony reinforcement opposite the molars 
rather than opposite the premolars. The same author believes that primitive people must make more use of 
their teeth for mastication than those handling knives and forks, and that a strengthening of the symphyseal region 
would have been necessary in case the natural strength of the alveolar process and of the mandibular arch were " 
not sufficient to withstand the strain directed medially in mastication. 

I regret to be unable to agree with the views expressed by the authors quoted above. The mandible of a 
Prehistoric Chinese with an exaggerated torus as illustrated in Plate V, fig. 5, shows that all teeth are very badly worn 
off up to the neck. The degree of attrition increases from the anterior to the posterior teeth, but in all of them 
the attrition reaches down considerably more on the labial side than on the lingual side. This proves clearly that 
the pressure of mastication is much stronger on the outer than on the inner side, yet the torus, supposed to support the 
most affected part, is located on the opposite side. Even apart from this, I fail to understand how a relatively 
small swelling superposed on the outer layer of the bone, as seen in textfig. 41, could be able to strengthen the bone 
itself. This would be tantamount to an attempt of increasing the power of a wall to stand compression by a 
bay or a balcony at its facade. Furthermore, it would be hard to explain why this strengthening is restricted to 
certain groups of mankind and why in Sinanthropus it should be very strongly developed in jaw G I, which in 
itself already represents an extraordinary bulky specimen, while the torus is much weaker in the like-wise smaller 
jaw H I . In other words, the extent and the thickness of the torus is obviously more correlated with the actual 
robustness of the jaw than with the need of strengthening. 

Schreiner (1935) adds still another argument by way of possible explanation. He does not contest the 
possibility that chewing may produce proliferations of the bone by increased pressure, but he believes that an 
abnormally strong irritability may be the presupposition for such a reaction. Schreiner deduces this increased 
irritability from Hooton's observation, namely that the torus mandibularis in Eskimo was frequently found to be 
combined with a torus palatinus, a combination which Schreiner was able to confirm in Lapps also. ine occur* 
rence of the torus mandibularis and torus palatinus respectively is recorded as follows: 

torus mandibularis with torus palatinus without torus palatinus 

Eskimo (Hooton) 8 1 % 56.6% ^ f e 43.4% 
Lapps (Schreiner) 32.5% 82.0% 18.0% 

• * • " - * • • . * ' • « • • 

Unfortunately, among the Sinanthropus material there are no parts of the skull containing the preservea 
palate so that we are confined to recent man for the study of the special conditions of this feature and its relation 
to the torus mandibularis. Firstly, it should be noted that no real correlation between the occurrence of the torus 
mandibularis and the torus palatinus can be ascertained, inspite of the coincidence quoted above. This will become 
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Figure 43. Torus palatinus of a modern 
European (L. Austria, No. 14721)* Natural size. 
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obvious by comparing Hooton's figures on the frequency if both features in Italians, American Indians and 
Japanese. The torus palatinus was found to occur in 32.5% of Italians and in 60% of American Indians, while the 
torus mandibularis occurred only in 3.3% of the first group and 4.3% of the second group. The same results 
were obtained from observations made on the recent Japanese material. Akabori found the torus palatinus 
present in 43.7% of recent Japanese and the torus mandibularis was noted in only 9.4% (compare Table IV). 

Schreiner believes that the pressure of mastication is 
also to be considered as the real cause for the formation of 
the torus palatinus. The writer is rather sceptical toward 
this suggestion. The torus palatinus, if well developed, is 
always situated along the midline at the junction of the 
palatine bone and maxilla (textfigs. 43, 44), the strongest 
portion falling to the palatine bone. However, the 
horizontal part of this bone is the thinnest of the whole 
palate and therefore could not transmit any pressure. 
Furthermore, it is evident from the structure of the torus 
palatinus that it is entirely impossible for it to serve the 

special purpose attributed to it; a cross section (tcxtfig. 44) reveals that the main part is formed by spongy substance 
with appreciably wide meshes and that only the outer layer consists of compact bone. 

Thus 1 come to the conclusion that the torus palatinus is to be considered J \ 

AS an independent formation without any direct connection with the torus mandibularis. 

In confirmation of such an assumption is the fact that a feature like the torus palatinus 

is not uncomnon in Macacus rhesus. In a male specimen of our collection a very 

distinct roundish elevation with a smooth surface runs along the middle line from the 

posterior nasal spine to the incisive foramen, the longitudinal suture of the palate 

halving the torus (textfig. 45). The skull exhibits no other exostosis or any other 

abnormality. In another Macacus specimen the same formation is recognizable even Austria, No. 14706). x 2. 

though not to such an extent. 
It is a remarkable coincidence, 
that the well preserved skull of 
fossil Macacus recovered quite 
recently from Locality I of 
Choukoutien also shows a short 
and small but very distinct torus 
palatinus in the palatine portion 
(textfig. 46). 

To return to the torus mandi

bularis Schreiner found that there 

is a great variability in the frequ

ency of its occurrence within the various tribes of Lapps ranging from 53.3% in Kistrand Lapps to 16.7% in Neiden 

Lapps. The same holds good for the torus palatinus. . Schreiner is inclined to trace these differences to varia

tions in the irritability of the bone tissue caused perhaps by an exclusive diet or by scarcity of fcod (avitaminosis). 

Figure 44. Cross section 
through the torus palatinus of 
a modern European (L. 

Figure 45. Torus palatinus of Figure 46. Torus palatinus of 
a recent Macacus rhesus (No. 260) a fossil Macacus (Locality 1 of 
Natural size. . Choukoutien). Natural size. 
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In view of the fact that a torus mandibularis of exactly the same type as that of recent man already 
occurs in Sinanthropus, all attempts are erroneous which interpret this formation as a relatively late special acquisi
tion and as a consequence of a particular diet or a peculiar manner of eating or a special irritability of the bons 
substance within a certain population. It rather seems beyond doubt that we are dealing with a primitive hominid 
character which may have been more or less variable since its first appearance. That the same is true for 
the torus palatinus is proven by its occurring in the fossil as well as in the recent Macacus. Both statements there
fore place the question as to the significance of the two tori back to remote times. 

The writer believes that the formation of the striation type of Sinanthropus depends upon the attachment 
of the mucous membrane to the surface of the bone. The connection between the two tissues in this region is very 
firm. Therefore it may be that connective tissue fibers in the areas of the greatest strain are inserted into fins 
furrows of the bone surface. As to the tubercle type, that is to say, the real torus mandibularis, I am 
inclined to accept the suggestion that the protuberances are pillars left during the reduction which the formzrly 
much bulkier alveolar process has undergone in the course of human evolution. The same explanation may 
hold good for the torus palatinus. I should not be surprised if that formation would also be found 
in Sinanthropus. Compared with the bony palate of anthropoids, that of recent man is very thin* In the gorilla 
for instance large air sinuses intervene between the oral and the nasal layers of the palate. It is' probable that 
the reduction of the whole mastication apparatus also causes a rarefaction of the palate bone, with the exception 
of the longitudinal junction where the original thickness remains preserved from unknown causes. 

Be that as it may, the significance of the torus mandibularis in recent man rests on the fact that its occur
rence is chiefly confined to certain groups of mankind. In these groups it has retained its ancient character as 
realized in Sinanthropusf whereas it is entirely or partly absent in other groups. I do not consider it a failure to 
bring the former groups in closer relation to Sinanthropus. The groups listed in Table IV are arranged according to 
the sequence of the frequence of the torus as follows: 

Eskimo (after the various authors) 42-97% Lskimo (after the various authors) 4Z-V/' % 
Icelander . 68% 
Neolithic Japanese 62% 
Lapps r > 32.5% 
Ostiak 3 1 % 
Ainu 24% 
Prehistoric Chinese 23% 
Prehistoric Scandinavian 17% 
Recent Chinese 15 % 

Most of these groups belong to the Mongol race or at least are closely related to it like the Lapps and the 
Ainu. Of course, the racial character of Sinanthropus cannot be judged on the basis of racial characteristic of to
day. The fact that Sinanthropus, the oldest hominid. is found on Eastern Asiatic soil, is taken by the writer as 
proof of its close relationship to the groups listed above. In any case this relationship must be closer than that 
between Sinanthropus, Australian, Negroes and most of the European or West Asiatic racial groups. _x 

However, there is one opposing factor. The Icelander and the Scandinavians do not fit into the diagram 
outlined above. The solution of this problem will have to be left for the future. It may be that in early times 
a part of the original population of the North European countries had some connection with the Asiatic Mongol 
branch derived from Sinanthropus. The occurrence of the torus in the Ainu, a tribe which many authors consider 
as a relic of a widespread Northern Eurasian racial group, supports this hypothesis. 

3*3 

>rts this hypothesis. 
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5. The lower margin of the body—fossa digastrica .-• • , 

The lower margin of the mandible in recent man when viewed from below shows a very characteristic 
feature. It begins thinly at the ramus, becoming thicker to attain the greatest diameter in the level of Mjt 

decreasing gradually up to the level of Pa, and reversing to a slight increase to form the frontal part which keep* 
the same thickness. In anthropoids the course of the bordet is different. The first thickening is kept without 
any limitation and continues to the far projecting frontal part. Only in those cases where the tuberculum platysma-
ticum posterius is strongly pronounced it projects considerably sidewards. Sinanthropus has its distinguishing charac
ter in this respect. Being thin at the ramus the margin, gradually becomes thicker and attains the greatest diameter 
in the level of Pi. The decrease beyond this mark is very slight (Plate II, fig. 4, Plate IV, fig. 4, Plate VII, 

fig. 4, Plate VIII, fig. 3). The jaw of the Neanderthal group 
resemble those of Sinanthropus* 

More important than this general appearance of the lower 
margin is the shape of the basal arch and the feature of the 
digastric fossa. The first will be discussed below. As to the 
latter, we owe very accurate and detailed descriptions to Toldt 
(1915) and H . Virchow (1920). Toldt differentiates mandibles 
with thin basal borders from those with thick ones. In the first 
the fossae should lie entirely on the posterior surface of the frontal 
part, in the latter on the basal surface. Such a description is 
important but not always correct when applied to the jaws, with 
thick borders. For there are many thick jaws in which the fosses 
also occupy more or less the posterior surface, which is especially 

true for Australian jaws. Generally speaking, it is characteristic 
for recent man that the digastric fossae are not situated on the 
base itself but on the slope leading to the posterior surface, that 
is to say, they are not directed immediately downward but at 
the same time backward (textfig. 47 fd). In all cases pertain
ing to recent man the anterior brim of the fossa constitutes at 
least the edge of the border of the jaw. 

The second characteristic of the fossa in recent man is 
its shape. The fossa represents approximately an oval depres
sion. According to Virchow the long diameter (mesio-distal) 
is II-19 mm and the short (labial-lingual) 5.0-7.5 mm. Thus 
the average would be 15 mm and 6.25 mm respectively. 
Virchow emphasizes the fact that the region in question is not 
always a "fossa** but occasionally a mere "area** which means 
that it can be more or less flat. The anterior and medial border 
of the area projects in all cases quite strongly, while the posterior 
border and still more the lateral border continue to the adjacent 
surface without a distinct limit. Therefore, the character of the 
surface alone defines what belongs to the area. Compared with 
the surrounding parts the field of attachment of the digastric 
muscle is rough, the roughness being especially pronounced 
toward the anterior and mesial parts. 

Figure 47. Fossa digastrica of a modern 
Australian native (No 68). Abbreviations:— 
fd, fossa digastrica; tb, trigomum basale 
Natural size* 

#$5"*>v5 3 S . ^ ' ^ ^ r - ^ V ' 
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Figure 48. Lower surface of the frontal part 
of an adult male gorilla mandible (No. 331) with 
fossa digastrica. Abbreviation:— fd, fossa 
digastrica. Natural size. 
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The foisac of each side are separated by a triangular interspace known as the trigonum basale accord

ing to Toldt (textfig. .47 tb). Its breadth varies. The vertex of the trigonum is generally transformed into a 

small spine or crest — the Spina intcrdigastrica (Klaatsch). Its base 

is occasionally limited by a faint cross furrow which H . Virchow 

named "sulcus praedigastricus." The anterior side of this furrow 

is formed by the base of the mental trigonum which is more pronounced 

in such cases (compare above, p . 31). -* 

T o begin with the anthropoids, a fossa digastrica is well 

developed in gorilla and chimpanzee, even though its size and appear

ance vary. In the former (textfig. 48) the fossa occupies the inferior 

side of the torus transversus inferior (basal plate). It is separated 

from the lower smooth surface of the anteriorly projecting part of 

the jaw by a rough and extensive brim, the whole area of the fossa 

being remarkably deeper situated than the other surface. A basal 

trigonum does not exist, the fossae of both sides almost bordering 

upon each other. The conditions observed in chimpanzee are 

similar, but the fossae generally are longer and narrow; than those in 

gorilla. Orang takes a special position in so far as that the fossa 

is completely absent, with the smooth surface of the projecting part 

of the jaw reaching the posterior border (textfig.-49). 

In Smanthropus the region in question is best preserved on the 

right side of H 1 (Plate V I I , fig. 4; textfigs. 50 and 51). The fossa 

is represented by a very long and relatively narrow flat area. It lies 

entirely upon the horizontal margin, its anterior border being slightly elevated and projects outward. This feature is due 

to the development of the area platysmatica" and the tuberculum anterius (tma), both of which have been described 

Figure 49. The same view as in fig. 48 
of an adult female orang mandible without 
any indication of a fossa digastrica. Natural 
size. 

K*r 

WM K % 

«M &^': *MMM ^>3 ^£M 

Figure 50. Lower margin of the man- ' Figure 51. A , ^ " { J ^ J £ 
dible female Sinanthropus H I. Abbrevia- indicating the boundary of the Mm 8 
tfon.s-.fd. fossa digastrica; tma. tuberculum trica. Abbreviation.:- Id. lorn d.ga. 
marginale anterius; sm, spina mentalia. r trica. Natural size. 
Natural size* 

; above, with the anterior part of the digastric fossa extending to the inferior side of this pro u mandibular 
way the anterior border of the fossa coincides with the somewhat projecting anterior border o 
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margin proper. The mesial border of the fossa reaches the symphysis, the distal border the line of the distal root of 
Mi. The surface of the fossa is not smooth but undulated, the anterior third being slightly deepened. This part 
at the same time is smoother than the posterior two thirds. The length of the fossa is 27 mm, the breadth in the 
widest area 7.7 mm. The left digastric fossa is only preserved to an extent of 12 mm, this particular part not 
showing any appreciable difference when compared with the right fossa. " Textfigure 51 illustrates the exact posi
tion and extent of the left fossa, the contours being marked by a heavy liner . V 

The two fossae are separated from each other by a triangular elevated area. This basal trigonum is con
tinuous at the front with the lower border of the tuber symphyseos as described above, and tapers off toward 
the mental spine (sm). Here there is to be found a very small interdigastric spine which is directed downward 
and backward. The distance of the two 'fossae measured in the narrowest area is 7.2 mm. The longitudinal axis of 
the two fossa together form an angle of approximately I26 c . 
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Figure 52. Lower margin of 
the symphysis part of the mandible 
of Sinanthropus child B I. Abbre
viation:— fd, fossa digastrica; ts, 
tuber symphyseos. Natural size. 

In Sinanthropus jaw G I (Plate IV, fig. 4) the distal end is preserved 
to a length of about 5 mm. As in jaw H I the fossa lies entirely on the 
basal border of the jaw and resembles also in all other details the jaw 
just mentioned. -*** ;,.*. - -*.*>i . 

In Sinanthropus jaw A II (Plate I, fig. 4) the distal part of the right 
fossa is preserved to a length of about 15 mm. It is situated entirely on the-
basal margin of the mandible, its anterior as well as posterior borders coincid
ing with the corresponding borders of the jaw. The area is smooth and 
slightly deepened. Anteriorly and posteriorly from the area the margin is 
broken off. * - \ ... ,-, • 
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Among the juvenile jaws of Sinanthropus, specimen B I has the best preserved fossae (Plate II, fig. 4; 
Plate VIII, fig. I; textfig. 52). According to the narrowness of the basal margin the fossa is narrow and long. 
It is situated entirely on the margin, the anterior border being slightly elevated. 
To the anterior end the whole area rises and the fossa itself is deepened and 
moderately rough. The two fossae are separated by a narrow crest like an 
elevation bearing two very fine spines. In jaw B V the greatest part of the 
right fossa is preserved (Plate IX, fig. 5; textfig. 53). It occupies the whole 
basal margin, both its borders corresponding to those of the respective jaw. In 
the juvenile jaw B IV (Plate VIII, fig. 12) the fossae as much as they are 
preserved show the same appearance as those in jaws* B I and B V . 

Toldt (1915) made a careful investigation of the basal zone of the Nean
derthal mandibles. He found that it varies in the same way as in recent man, 
the digastric fossae being situated in a more or less horizontal plane. According to 
that author the fossa of the Heidelberg jaw reaches the anterior surface of the 
jaw, but-the fossa itself inclines backwerd not inconsiderably. H . Virchow 
(1920) made the statement that within the Neanderthal group the fossa always forms a thick and broad pit with 

'a strongly projecting anterior border. Textfigurcs 54 and 55 represent the Heidelberg jaw and Krapina I jaw 
respectively. The drawings for them have been made from casts. The essential point is that in both cases the 
fossae (fd) when compared with those of Sinanthropus (textfig. 50 fd) are shifted to the posterior border of the basal 
margin and inclined downward so that they partly lie on the posterior surface of the jaw as is the rule in recent man. . 
The Piltdown jaw reveals quite a special appearance in this respect (textfig. 56). As Friedcrichs (1932) has * n o w n

 : 

Figure 53. The same as in 
fig. 52 of Sinanthropus child B 
V. Abbreviation:— fd, foisa 
digastrica. Natural size. 
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Figure 55. Lower margin of the mandible of 
Krapina I. Abbreviation:— fd, fossa digastrica. 

•Figure 54. Lower margin of the Heidelberg Natural lize. 
mandible (with the defect restored). Abbreviations: — 
fd, fossa digastrica; ts, tuber symphyscos. Natural size. •>." 
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this jaw resembles almost completely that of a female orang. Like in the latter (compare textfig. 56 with lextfig. 
49) a digastric fossa is absent in the Piltdown specimen, a real basal margin does not exist but the whole part con

tinues without any boundary line directly along the ape-like projecting 

surface of the mandible. , 

The region of the digastric fossa of Sinanihropus exhibits some 
characteristic features. The most important of these is that the fossa 
occupies the basal margin proper in its whole extent, the anterior and 
posterior limits of the fossa coinciding with the corresponding borders 
of the basal surface. This appearance is clearly pronounced in the 
adult as well as in the juvenile individuals. The jaws of Sinanihropus 
thereby differ from those within the Neanderthal group in which the 
fossa has moved backward and upward causing it to be situated partly 
on the posterior surface. This tendency is still more accentuated in 
recent man. 

F XfT 5«.\ y°Wer 8u r f ace of l h c f r o n t a l Another significant character of the Sinanihropus fossa is the 
part of the Piltdown mandible without any , . , » * * *• c 11 *m J 
indication of a fossa digastrica (anterior part elation between its length and breadth. These measurements accord-
and left side restored) Natural size. ing to Virchow (1920) and Schoetensack (1908) are as follows: 
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Heidelberg 
Krapina H 

1 Krapina I 
• Le Moustier 

Ehringsdorf (adult) 
Recent Man 

Sinanihropus H I 

Anterior-posterior 
diameter in mm 

24 (22 and 26) 
32 
22 
20 
24.5 (23 and 26) 
15(11-19) . 

26.9 
•- f ' 

labial-lingual diameter 
in mm 

7.5 
9.0 

10.0 
8.0 
8.0 
6.25 (5.0-7.5) 

7.7 

Index 

31.3 
28.1 
46.7 
40.1 
32.7 
41.6 

28.7 
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As to the feature of the basal trigonum in Sinanlhwpu* there i, no difference worth mentioning in comparison 
with that of the Neanderthal group. 

The shifting of the fossa from the basal surface to the posterior one In the course of evolution is only a 
part of the general transformation of the whole frontal region of the mandible depending upon the retraction and 
reduction of the alveolar process on the one hand and upon the increase in height of the basal part on the other. 
This question will be discussed again below. 
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B. THE RAMI OF THE MANDIBLE. 

1. The lateral surface. 

INDIBLE. t > 4 

Earlier in this publication (p. 23, ff.) 1 referred briefly to some of the details of the surface, and it is understood 
that there is no clearly defined demarcation between the rami and the body. The anterior border of the ramus is 
continuous with the oblique line and the posterior end of the latter with the lateral protuberance. This protuber
ance in turn proceeds downward and thereby forms a swelling which corresponds to approximately the anterior 
border of the masseter and delimits from the body the area to which this muscle is attached. At the lower 
margin that swelling is continuous with the torus marginalis described above. The surface of the ramus is here 
represented by a formation situated posteriorly from all the thickened parts of the body and often appears as a more 
or less pronounced depression bordered by the lower and posterior margin of the thickened ramus which is even 
turned up like a hook — the angle of the mandible. In such cases the masseter takes its origin from a real *'fossa 
masseterica."" Yet occasionally no depression is present in which case the condition becomes reversed, namely the 
muscle area protrudes outward. 

The latter appearance depends upon the special development of a ledge-like thickening of the superior 
part of the posterior border of the ramus, first described by Lenhossek (1920) as "crista ectocondyloidea." From 
the condyloid process a strong beam of bone descends obliquely and terminates approximately in the middle of the 
surface of the ramus in a large flat swelling which may be termed "eminentia lateralis rami." It forms at the 
same time the superior limit of the masseteric fossa. In cases where the particular beam of the bone is more 
developed than normally, the fossa is substituted by a general elevation of the area in question. This means: 
the emineniia lateralis occupies the whole inferior part of the surface of the ramus. The crista ectocondyloidea 
is obviously an analogy to the anterior border of the ramus and the linea obliqua. Both these swellings have 
to be considered as ' means of transmissions • of force issuing from the coronoid and condyloid processes and 
working in" the direction toward the body. Between the crista ectocondyloidea and the coronoid process and the 
anterior border of the ramus respectively there is a flat depressed area. This area is delimited by the incisura 
semilunaris and is the thinnest,part of the whole ramus. 

A great* variability in the formation of the lateral surface exists in anthropoids. However, the characteristic 

feature is that the relief is much less defined than in recent man. There also is a thickened anterior border which 

proceeds as an oblique line to the eminentia lateralis. The two borders forming the mandibular angle are likewise 

thickened and project slightly outward. But the area massetcrica is seldom a real fossa, usually being flat or 

even elevated, and the crista ectocondyloidea is entirely absent or at best palpable as a faintly developed oblique 

swelling. As in recent man, the thinnest part of the ramus is framed by this swelling and the beam of the bone 

forming the anterior border of the coronoid process. • • 

In Sinanlhropus there is a distinct difference, although only slight, between the strong male mandible G I 
and the weaker* female jaw of H I. Like the various reliefs of the body the lateral surface of the ramus reveals 
more structural details in the latter than in the former. In both mandibles (Plate IV, figs. I and 4; Plate V, fig. 
I; text'fig. 4; Plate VII, figs. 1,5 and textfig. 57) the border of the region of the angle is everted like a hook; 
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however, the angle thus transformed to a prominent crest is thicker and more projecting in jaw G I than in jaw H I. 

On the other hand the anterior border in the latter (textfig. 4) continuing with the oblique line to the lateral eminence 

of the body (pi) represents likewise a strong ridge, so that the area of the massetcr (fm) forms an appreciably 

deep fossa. In jaw G I the thickening of the anterior border is not so distinctly set olf from the general level of 

the surface, the fossa being more pronounced toward the strongly everted angle and therefore forming a real deeo 

furrow. The crista ectocondyloidea (ce) in jaw H I is 

a well marked ridge and a similar strong development of 

the eminentia lateralis rami (el) is to be seen in this jaw. 

The crista begins at the neck of the condyle with a small 

tubercle-like swelling — tuberculum subcondyloideum 

Iaterale (tl, confer p . 76). In jaw G I (textfig. 

57) the crista appears to be separated into two 

smaller and more distinct crests (ec), an upper 

and a lower one. The former is closely connected with 

the neck of the* condyle and gives the impression of being 

a special formation. The latter is a short and narrow 

rough line connected with the rather indistinct eminentia 

lateralis rami (el). Davidson Black (1931) determined 

this neck tubercle as the attachment of the temporo-man-

dibular ligament; viewed from the morphological stand

point it represents only the superior end of the crista 

ectocondyloidea. 

In all juvenile jaws in which the region in ques

tion is preserved — jaws B I (Plate II, fig. I), C I 

(Plate III, fig. 1) — the eversion of the angle and the 

roughness of the border is already pronounced and the masseter area therefore represented by a clear fossa. In 

the jaws B I and F I (Plate III, fig. 5) the crista ectocondyloidea is very distinct. F I is particularly interesting, 

the outer neck tubercle being well differentiated and forming the superior part of the crista. 

In the Heidelberg jaw the angle is everted but to a lesser degree than in the two adult Sinanthropus man

dibles. The crista ectocondyloidea is completely absent, but the eminentia lateralis is well developed. In the 

Krapina jaws the angle is not turned up and the crista ectocondyloidea is only strongly developed in one ramus 

fragment which has no special designation. But in the Krapina jaw I there is a- very pronounced outer neck 

tubercle like in Sinanthropus jaw G I. Neither in the Heidelberg mandible nor in the Krapina jaws can a real 

fossa masseterica be recognized. In the jaw of La Chapelle-aux-Saints the angle is turned inward. ^ The neck 

tubercle is very strongly developed and the site of the crista is occupied by a large swelling which continued down

ward and forward. Instead of a fossa masseterica we are dealing here rather with a prominentia masseterica. 

The characteristic feature of the lateral surface of Sinanihropus consists therefore of the marked eyerte 

angle, the existence of a real fossa masseterica and a strongly developed crista ectocondyloidea with a distinct 

neck tubercle below the condyle. In comparison with the anthropoids this appearance seems to be either a more 

advanced stage or a special differentiation. In recent man and in the Neanderthal group the variation of the 

relief of the ramus surface is much greater, occasionally even more in the direction of anthropoids, especially in 

the cases of very bulky mandibles. The eversion of the angle combined with a crest-like formation of the border 

proper and the deepening of the attachment area of the masseter indicate that this muscle was 
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Figure 57. Lateral surface of the ramus of the mandible 
of male Sinanihropus G I. Abbreviations:— ce, crista ecton-
dyloidea; el, eminentia lateralis rami: fm, fossa masseterica; 
tl, tuberculum subcondyloideum Iaterale. Natural size. 
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developed in Sinanihtopus. h is worth noting that in the gorilla and orang males the area of this muscle is very 
extensive on account of the height and the breadth of the whole ramus, while in Sinanthropus the special forma
tion of the angle compensates the relative smallness of the ramus surface. In recent man the same. conditions 
exist. The mandibles of the Eskimo for instance are noted for their far projecting and everted angles (compare 
riirst and Hansen, 1915), a phenomenon attributed by these authors to the especially strongly developed masseter 
in this race. 

This coincidence proves that certain features occasionally found 

in primitive hominids are not necessarily apriori primitive characters 

but that they are due to variable mechanical features and therefore 

may be realized under the same conditions in very different stages of 

evolution. For the same reason it often is difficult to determine what 

is to be considered as "primitive** and what not. An everted and 

thickened mandibular angle may or may not occur in the three 

anthropoids mentioned above. 
rH 

2. The medial surface. 

The medial surface bears a special marking by showing three 

formations, the fcramen mandibulare, a characteristic eminence before 

Figure 58* Medial surface of the ramus 
of the mandible of a modern North Chinese 
man (No. 17). Abbreviations:— ap, area 
musculi pterygoidei int.; ced, orista endocon-
dyloidea; cer, crista endocoronoidea ]p, linea 
pterygoidea: pt, planum triangulare; tps, 
tubcrculum pterygoideum superius; ttr, torus, 
triangularis; sc, sulcus colli. Natural size. 

c e r . 
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this aperture and the relief behind the foramen 

(between tuberositas pterygoidea and the condyle). 

The eminence and the adjoining area have been the 

subject of detailed comparative investigations by -

Lenhossek (1920). T h e eminence termed by this 

author as "torus mandibularis** rises from the direct 

continuation of the alveolar 

hossek named *'crista endoalveolaris.** The crista 

borders on the medial side of Klaatsch's trigonum 

postmolare situated behind the last molar, and joins, 

at the end of this trigonum, the crista buccinatoria 

bordering the latter on its lateral side. Lenhossek's 

torus mandibularis (textfig. 58, ttr) continues into two 

ridge-like swellings, an anterior and a posterior one. 
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Figure 59. Medial surface of the ramus of the mandible of an 
adult male gorilla (No. 321). Abbreviations:— ap, area mu.culi 
pterygoidei int.; ced, crista endocondyloidea; cer, crista endocoro
noidea; cp. crista pharyngeal mh, linea mylohyoidea: pt, planum 
triangulare; tpi, tubcrculum pterygoideum inferius; tps, tuberculum 

The first courses along the inner side of the coronoid pertygoideum superius; ttr, torus triangularis; sc, sulcus colli, x 2/3. 
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process and is called "crista endoccrcnoidea" (cer) by the same author, and the second proceeds to the condyloid 
process and is termed "crura endocondyloidea" (ced). Between the two cristae there is a flat triangular area 
planum triangulare. 

Lenhossek's description applies to recent man as well as to anthropoids (compare textfigs. 58-61) the 
general appearance being the same. In recent man Lenhossek notes in addition another formaticn the crista 
or linea intermedia (cp) which would connect the linea mylohyoidea with his "totus manditularis" and mark the 
attachment for the mylopharyngeal muscle, a part of the constrictor pharyngis superior. This crista may be strongly 
developed in anthropoids and could therefore represent a pithecoid character if it occurred in recent man 
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Figure 60. Medial surface of trie ramus of the mandible 
of an adult male orang (No. 332). Designations are the 
same as in fig. 59. X 2 /3 . 
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Figure 61. Medial surface of the ramus of the man
dible of an adult male chimpanzee. Designations are the 
same as in fig. 59. Natural size. , 
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I agree with Lenhossek in the general description but prefer to change the term "torus mandibulars to 
*'torus triangularis rami** (ttr) because the first mentioned name has for a considerable time been understood to dehne 
a different formaticn on the lingual side of the alveolar process (see above). The torus and its continuation into 
the two cristae is Very characteristic for chimpanzee, orang and gorilla in which they occasionally project edge
like, so that the *'planum triangulare" (pt) appears as a deep and distinctly defined triangular fossa.. 

There is no doubt that both cristae are to be considered as beams strengthening the bone in that direction 
on which the strain and force is transmitted from both processes to the body of the jaw. Thus the cristae o 
the medial surface represent the counterpart of the ridge of the anterior border and the crista ectocondyloidea of the 
lateral surface. However, when compared with recent man a remarkable difference is to be observed. In anthro
poids the crista endocondyloidea is much more marked than the crista ectocondyloidea while in recent man t e 
reverse is usually true. Furthermore, in adult male apes the crista endo-alveolaris continuing to the torus triangularis 
is often changed into a sharp edge on which at some distance from the last molar a pointed spine projects inwar . 
This edge could be termed "crista pharyngeal I was unable to determine whether it concerned a special point 
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of fixation of the pterygomandibular raphe of the buccopharyngeal fascia or a strong portion of the M. mylo-
pharyngcus. Generally this crista has no direct connection with the Iinea mylohyoidea, the latter terminating con
siderably below it. 

Lenhossek also discussed the varying appearance of the trigonum postmolare. However, the writer is 
unable to observe essential differences between anthropoids and recent man in this respect. 

On the right side of Sinanthropus jaw G I the whole region in question is well preserved (PI. V , fig. 2 
and textfig. 62). The alveolar border ends by a rather well developed edge at the torus triangularis (ttr) which 

continues directly into the crista endocoronoidea 
(cer). The crista endocondyloidca (ced) is 
much less marked and represents only a general' 
ly indistinct swelling. In jaw H 1 (textfig. 
37) the division of the torus into two cristae is 
slightly more pronounced but the crista 
endocondyloidea does not project further than 
in jaw G I. In the juvenile mandible F 1 
(Plate III, fig. 6 and textfig. 64) both cristae 
(crista endocoronoidea (cer) and crista endocon
dyloidea (ced)) are rather strongly marked and 
the planum triangulare (pt) is a real fossa. As 
much as can be judged from the material on 
hand, the stronger formation of this relief is a 
juvenile character also in recent men. In the 
adult male jaw G I the alveolar edge inward 

^~^ . and backward from M3 is also well developed 

, * F ,S"? " ; uLMcdiB! 8UrfaCC .°f l h e f a T 8 °f * • afuU T l e SiUan' on the left side (crista pharyngea, cp) and thropus Cj I. Abbreviations:-— ci, ensta intermedia, lp, Iinca ptery-
goidea. The other designations are the same as in fig. 59. Natural resembles more the corresponding feature in 
size. anthropoids rather than the female jaw H I. 

Within the Neanderthal group the jaws of Heidelberg, Spy and La Chapelle-aux-Saints reveal a close resemblance 
to the mandibles belonging to Sinanthropus. 

The foramen mandibulare in recent man and in the Neanderthal group differs from that of anthropoidst 

especially by the absence of a lingula. Also in anthropoids the anterior border of the entrance to the canal is 
covered by a projecting thin bone plate, but the triangular overlapping process near the upper end is completely 
absent in orang and chimpanzee (textfigs. 60 and 61), while it occurs occasionally in gorilla (textfig. 59). All 
specimens of Sinanthropus in which this part is preserved — G I, H I , B I , C I , F I—prove that it is like recent 
man in this respect. Among the Neanderthal group the jaws of Heidelberg, Spy and La Chapelle-aux-Saints 
reveal a close resemblance to the Sinanthropus mandibles. 

The region between the foramen and the posterior border of the ramus is of special interest. Lenhossek 
described it in recent man as follows: Behind the inferior part of the crista endocondyloidca and the torus 
mandibularis (triangularis) there is a sulcus-like depression which leads to the foramen mandibulare. This sulcus, is 
limited toward its posterior border by the moderately and edge-like elevated superior border of the attachment 
area for the m. pterygoideus internus. Sicher (quoted by Lenhossek) named this sulcus "sulcus colfi mandibular" 
and Lenhossek termed it the "sulcus retrotoralis." As to the muscle area concerned this author states that it 
reaches the deepest place of the "incisura subcondyloidea." This incisura designates that curvature which is situated 
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below the condyle and formed by the strong inward projection of the medial corner of the latter. However 
Lenhossck does not refer to the feature of this region in anthropoids. Bluntschli (1929) gave the following descrip
tion of an adult orang: Mid-way between the condyle and the angle a strong tubercle — tuberculum pterygoideum 
— sharply projects inward from the posterior border of the ramus. It is situated in the same level as the foramen 
mandibulare and corresponds according to Freisfeld (quoted after Bluntschli) to the processus angularis present in 
many mammals. This tuberculum is the highest and strongest of the specially developed aUachment points of the m. 
ptcrygoidcus internus. 

Indeed, the area of this muscle hasjiitherto not received much attention; one was satisfied with the statement 
that there is a rough surface serving for the attachment of the muscle. This is certainly true but nevertheless some 
additional details are worth noting. Like the area of the masseter the pterygoid area generally is well demarcated 
from the adjoining surface (textfig. 63 ap). It consists of a triangular field the basis of which is directed upward 
and forward. The two other sides are formed by the mandibular angle itself. The base line of the area is 
represented by an obliquely coursing and rather straight line — linea pterygoidea (Ip) — which occasionally alro forms 
the posterior border of the mylohyoid groove. The inferior corner is marked by a clear swelling which constitutes 
the beginning of the body and the thickening of its lower margin. If the angle is turned up inward, the area 
gives the impre sion of a fossa. The base line is very variable and seldom forms (textfig. 63 lp) a distinct limit 
at the upper and posterior corner of the triangular area. 

Between this corner and the neck of the condyloid process 
there is a smooth furrow-like depression which starts from the 
posterior border below that process and runs to the foramen man
dibulare. Its superior border is formed by the crista endocon-
dyloidea. This crista runs out into the inferior side of the medial 
corner of the condyle. •The site in question is frequently marked 
by a more or less elevated roughness (textfig. 58, tps) extending 
also to the deepened anterior surface of the neck, the so-called fossa 
pterygoidea. This rough area corresponds to the attachment for 
the m. pterygoideus externus so that it may be called tuberculum 
pterygoideum superius. The depression in question is identical 
with what Lenhossek described as sulcus retrotoralis and which 
the present writer prefers to name the "sulcus colli (sc). 

Figure 65. Medial surface of the ramus of the Adult and strong male gorillas exhibit all the above men-
mandible of a New Hebrfd native. Designations {\oned details with particular distinctness (textfig. 59). The area 
are the same as in fig. 59 and 62. Natural size. , , t . , . . , .„• m i l a r ntlJ deenened 

of the m. pterygoideus internus is a large triangular and aeepenea 
field (ap) which occupies the posterior part of the ramus up to the vicinity of the neck of the condyloid process. 
The limits are the same as those described for man. In contrast to the latter, the upper corner of the area is 
marked by a very strongly projecting tuberculum pterygoideum, better called tuberculum pterygoideum infenus 
(tpi). Opposite to this eminence and slightly below the neck of the condyle there is another strong tubercle-like 
prominence the site of which corresponds exactly to the tuberculum pterygoideum superius occasionally found in 
recent man (tps). Between these two tubercles is a deep furrow proceeding to the foramen mandibular represent
ing the sulcus colli. It is well defined along its entire course by the strong development of the crista endocon-
dyloidea. However, the feature here described is not at all characteristic for gorilla. Even in old male indivi
duals the two pterygoid tubercles may be absent or only indicated. But in all cases a distinct oblique sulcus exists 
and the pterygoid area extends beyond the level of the foramen mandibulare. 

-*:•'•. 
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Old crangs (textng. 60) in general correspond to Bluntschli's description quoted above, but there exists 
a great variation in the degree of the formation of the two tubercles (tps, tpi). It may be that either the superior 
or the inferior tubercle is more developed or that both are almost missing. The superior tubercle generally con
sists only of a very indistinct eminence at the given site. Corresponding to this variability the sulcus colli (sc) is 
occasionally hardly indicated. 

As to the chimpanzee (textng. 61) the material of old individuals at my disposal is very unsatisfactory 
for such a study. In the case of an adult male there is an extraordinarily strong and sharply edged tuberculum 
pterygoideum inferius (tpi), but there is not the slightest trace of the tuberculum superius nor of any roughness in 
the corresponding place. In another younger specimen the tuberculum inferius exists in the same robustness. The 
crista endocondyloidea being well developed with the result that the sulcus colli (sc) is evident. In orang as 
well as in chimpanzee the area of the m. pterygoideus internus passes over the level of the foramen mandibulare. 

In Sinanthropus the region in question is well preserved in mandible G I (right side) and in jaw H I. 
In the first mentioned (Plate V, fig. 2 and textng. 62) the area of the m. pterygoideus internus is limited by a 
distinctly marked linea pterygoidea (lp). There are some strong ridge-like rough elevations; the uppermost of them 
having the form of a low tetrahedron represents the tuberculum pterygoideum inferius (tpi). Opposite to this a well 
developed tuberculum pterygoideum superius (tps) rises which is directed more forward than inward. Since the 
crista endocondyloidea projects remarkably, especially behind the lingula, the sulcus colli appears very clearly. 
Only one formation is unexpected, namely the presence of a short narrow crest (ci) — crista intermedia — similar to 
that described above on the lateral surface. This crest courses from the inferior border of the entrance to the fora
men upwards and backwards and divides the sulcus into a narrower superior and a wider inferior part. Showing 
these details with such distinctness the male Sinanthropus mandible resembles remarkably the jaw of a gorilla. The 

female Sinanthropus jaw H I (Plate VII, fig. 
2 and textfig. 37) being considerably weaker 
than the one mentioned above shows a similar 
feature but with much smaller tubercula, 
especially the inferior one. The crista inter-
media is present too. 

In the juvenile Sinanthropus jaw F I the two 
tubercula, a strong crista endocondyloidea and a 
deep sulcus are clearly recognizable (textfig. 
64.) In jaw B I (Plate II, fig. 2), in which 
the crista endocondyloidea itself is partly broken 
off, all details may be observed. In jaw C I 
(Plate III, fig. 1) where only the upper two 
third of the area of the m. pterygoideus internus 
is intact the tuberculum pterygoideum inferius 
and the sulcus are well developed. However, 
as pointed out above, it seems that these features, 

#^^glf^ 

Figure 64. Medial surface of the ramus of the mandible of 
Sinanthropus male child F I* Designations are the same as in fig* 
59. Natural size. 

" . . . 
with the exception of the tuberculum pharyngeum inferius, are true for all juvenile jaws including those of recent man* 

In regard to the mandibles within the Neanderthal group, that of Heidelberg does not show any differ
ence worth mentioning in comparison with recent man. Both tubercula are absent. In one of the Krapina man
dibles— the ramus fragment without any special designation — the lingula continues as a fine edge almost to the 
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posterior border cf the ramus; a projecting tuberculum pterygoideum inferius exists in jaw I of that group. The 

jaw of the Ehringsdorf child is characterized by * very strong and projecting tuberculum pterygoideum inferius 

noted by Virchow (1920). The condyloid process is partly broken off, but the preserved sharp corner at the line 

of fracture suggests that a tuberculum pterygoideum superius was also existing. 

The mylohoid groove deserves special mention. In recent man it usually descends directly from the inferior 

part of the thin bone plate which covers the entrance to the mandibular foramen. Occasionally this starting point is 

shifted backward, that is to say, the groove descends from behind that entrance. This feature is characteristic for 

anthropoids as was proven by Friederichs (1932). Incidentally, it is also found in the Piltdown jaw. Sinan-

thrcpus in this respect is like recent man; in both cases (G I and H I, textfigs. 62 and 37) the groove is wide in 

the beginning, but in jaw H I there are besides it several extraordinary fine grooves like engravings in the bone, 

one of them being visible as far as up to the level of P2 . 

In spite of the great variability the areas fcr the attachment of the two m. pterygoidei in Smanthropus 

reveal a very characteristic feature remarkable for the strong development of the muscle markings which are still 

more pronounced in the male individual G I than in the female jaw H I. Compared with the Heidelberg jaw 

noted especially for the largeness of its ramus the area of the m. pterygoideus internus is not only relatively but 

also absolutely broader than that of the former. The height of this triangular area of the muscle is 26.4 mm in 

the Heidelberg jaw and 28.2 mm in Smanthropus G I. T h e diameter cf the whole ramus measured in the same 

oblique direction (linea obliqua —- gonion) is 50.7 mm in the Heidelberg jaw and 49.0 mm in Smanthropus G I. 

The respective indices are 52.0 in the former and 57.6 in the latter. If we accept the general opinion that strong 

muscle markings are indicative of powerful musculature, then we must cor.Iude that in Sinanihropus the pterygoidei 

have been very powerful and certainly more so than in recent man and in the Neanderthal group. The same is true 

for the masseter. This fact seems to be of some value, because Boule deduced a prevalence of the pterygoideus * 

internus in the jaw of La Chapelle-aux-Saints frcm differences in the development of the muscle markings of this 

muscle in comparison. with that of the masseter and concluded therefrom that the man of La Chapel I e-aux-Saints 

was a vegetarian. 1 am somewhat in doubt on the correctness of such conclusions, yet the fact that Smanthropus 

was a skillful hunter as shown by the innumerable broken bones of many varieties of game proves that he did not 

use his masticatory muscles on vegetables only. 

Freisfeld considered the tuberculum pterygoideum inferius in connection with the processus angularis; however, > 

the present writer does not believe that it is possible to consider the two directly homologous. The tuberculum con

cerned represents nothing else but an especially strongly developed muscular marking of the pterygoid area and similar 

to the others is situated exclusively on the inner side of the ramus, while the processus angularis is a proper 

process d :rected. posteriorly existent in prosimians and already completely absent in lower monkeys. 

3." Mandibular angle — processus coronoideus and condyloideus. 

• In this paragraph parts of the ramus belonging to both sides will be described. Some of the peculiarities 

have already been discussed earlier in this publication. „ * ^ 

'Mandibular angle: Under the term "mandibular angle" is understood not only the angle formed by the 

posterior border and the lower margin of the ramus but also the morphological feature of this point of union. ne 

degree of the angle which manifests .he steepness of the ramus will be discussed below in connection with the ques : 

tions regarding the general appearance of the mandibles. Here we shall deal with the shape of the angle. 

In recent man this angle is generally represented by a more or less regularly curved projection directed out* 

ward, backward and downward and therefore separated by slight but distinct notches from the anterior part of the 

1 %"'..":•', 
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lower margin ™d the superior part of the posterior border (textfig. 65 a). The first notch is called "incisura 

praeangularis,*' the second "incisura supraangularis" (confer'H. E. Schulz, 1933, and Kciter, 1935). Keiter 

difTerentiates six different forms in the angular projection. However, we are only concerned with his first form known 

as the sledge-runners CSchIi^tenkufcn,,) form and characterized by an equal curvature and by the absence of any 

kind of projection and notch. For more detailed information on the comparative anatomical significance of this pro

jection the reader is referred to Toldt (1904/05). Keiter's form No. I 

is illustrated in textfig. 65 m. However, although cases with such a • 

form are not frequent, in most of them the curvature just at its highest 

point is bevelled to form a blunt line. \'% 

. - Such a bluntness which occurs rather frequently in the mandibles 

belonging to the Neanderthal group (textfig. 65, i) induced Werth 

(1928) to suppose that we are dealing with a progressive character the 

occurrence of which would indicate that the Neanderthal group is highly 

specialized and more advanced in this respect than recent man with his 

usually projecting mandibular angle. Boule (1911/13) in describing this 

peculiarity, especially in the mandible cf the man of La Chapelle-aux-

Saints (textfig. 65. f), and in pointing out its frequent occurrence in the 

gorilla (textfig. 65, d) considered it only as an additional indication of 

the powerful development of the m. pterygoideus intemus (see above). 

In the Ehringsdorf jaw H . Virchow (1920) considered the approach 

of the outline of the angle to a straight line as anthropoid-like. 

In connection with Werth's supposition it should be noted that the 

formation of the angle as well as that of the blunt form varies to a large 

extent. The two Krapina jaws (textfig. 65 h, i) and that of Heidelberg 

(textfig. 65 g) show only a slight bluntness while the curvature is clearly 

projecting. Toldt's (1904/05) investigations have proven that no direct 

relation exists between the processus angularis of the prosimians and the 

mandibular projection of recent man. On the other hand the gibbon 

and the chimpanzee exhibit very strongly projecting angles (textfig. 65 a, b) 

and the same is true for the orang where occasionally a slight bluntness 

similar to that of the Heidelberg jaw is to be observed (compare text

fig. 65, c and g). In the gorilla the angle does not infrequently also 

project as is demonstrated by textfigure 65, e. H . E . Schulz (1933) F i g u r e ^ Differences in the angle 
has proven that the process is absent in 50% of Negro and Old-Egyptian contours of the ramus. Designations;— a, 

Symphalangy syndacU C?: b, chimpanzee 
j a W $ * Cf; c. orangcf; d. gorilla d*; e, gorilla 9 ; 

In Sinanthropus jaw G I the angle of the ramus of the right side f, La Chapelle-aux-Saints; g, Heidelberg; h, 
i »•**.. • i a. I • / D U \ / i l C„. I 9 Krapina (without designation); i, Krapina Ij 

is preserved up to its transition into the lower margin (Plate VII, tigs. I, I ^ Sinanthropus Q 1; I, Sinanthropus H 
and textfig. 65, k). However, the left side preserved to about this point j . m t Sinanthropus child CI; n, Prehistoric 
reveals that a well developed incisura praeangularis had existed (Plate Chinese (Kansu): o. modem Australian 

. , , , • i • i native; p. Obercassel. X 1/2. 
IV, figs. 1, 2). Therefore it can be considered to be certain that in the 
Sinanthropus jaw the angle projected to the degree as found in recent man. But there is a distinct, although 
only faint, bluntness of the summit of the angle. In Sinanthropus jaw H I in which the whole angle is pre
served the bluntness is more pronounced (Plate VII, figs. 1, 2 and textfig. 65, I). Of particular interest is the 

,WS' 
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juvenile Sinanthropus jaw C 1 in which the angle is clearly projecting but at the same time blunt (Plate III, 

figs. 1, 2 and textfig. 65 m). In Sinanthropus the bluntness is combined with a strong cversion of the angle. The 

jaw belonging to the Obercassel man which bears a striking resemblance to the Sinanthropus j a w Q I in this 

respect shows the same evcrsion and bluntness (textfig. 65, p). A glance at the illustrations of the Eskimo man

dibles reproduced by Fiirst and Hansen (1915) shows that the same combination is rather frequent there. In L 

Chapelle-aux-Saints the bluntness is combined with an inversion of the angle. In gorilla the present writer observed 

the occurrence of the bluntness combined with eversfon and inversion. 

i *• 

From all these facts the writer assumes that none of the various types of mandibular angles have a special 

phylogenetic significance. A projecting angle with a slight bluntness of its summit seems to be characteristic for 

hominids in all stages of evolution. Yet as a great variability is already to be observed in anthropoids, the sledge-

runners' shape evident in recent man as well as within the Neanderthal group is not at variance with this state

ment. In any case there is no evidence that the latter shape really represents a special differentiation deviating 

from the main line of human evolution. 

<• 

The coronoid process: The shape of the coronoid process varies considerably in recent man. As to the 

form of the outline H . E . Schulz (1933) established six various types the most frequent of which is illustrated in 

textfigure 66, 1-n. The illustrations show that there are great differences in height and breadth, in the form of the 

top and in the position of the latter with regard to 

the direction of the anterior border. According to 

Biondi (1890) the coronoid process of lower races 
h * s ^o^s. would be less high, less broad and less strong than 

of Whites, but he calls attention also to the great 

variability. 

In anthropoids the differences within a single 

— genus are certainly not so great. Gorilla (textfig. 

Figure 66. Outlines of the coronoid process oriented in the • 66 a) has the highest process, those of orang and 
alveolar plane. Designations:—• a, gorilla Q I b, orang Q ; c, t • / • • i \ l . 1 •.„!.,•;,.Jv 
, . we. j u . J it J . - i • t x, . i chimpanzee (66 b , c) are lower and relatively 

chimpanzee Cf ; d, Heidelberg; e, modern Lskimo: I, Krapina I: g, , , . 
Ehringsdorf child; h, Sinanthropus G 1: i, Sinanthropus H. I; k-n, broader. T h e only feature characterizing all three 
four types of modern man according to the diagrams given by Schulz is the tendency to incline backward. In that case 
(1933, Nos. 1.2, 4,5). x 1/2. ^ t o p ^ n Q t & d j r e c l c o n t ; n u a l j o n 0f t n e anterior 

border but the latter forms a slight angle. The result is the appearance of a special superior border the end of 

which represents the top (a-c). 

* In recent man such an angle is absent, the anterior border ascending directly to the top (n) or coursing 

in a more or less posteriorly directed curved line (k, 1, m). In the jaws of the Neanderthal group the top is 

directed straight upward *(f, g) — of course, it is understood that only specimens with completely preserved pro

cesses can be used for such a comparison. The Heidelberg jaw has a type of its own in that its coronoid process is 

so low that it scarcely ever rises from beyond the outline of the mandibular notch (d), but the top is directed up

wards and comes to lie just at the end of the anterior border. This feature is unusual in anthropoids and monkeys 

and can therefore never be considered a primitive characteristic. It is also ur.ucual for the Neanderthal group as a 

whole and the same is true for recent man. However, this does not imply that such a feature is never found. In 

the Scnckenberg-Museum in Frankfurt there is a jaw cf a male Eskimo with exactly the same shape of the 

process (e). The latter approaches the Heidelberg jaw in its extraordinary breadth of ths ramus: 
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Length-breadth-index 
Heidelberg Eskimo 

75.4 63 

Among the Eskimo skulls described and illustrated by Fiirst and Hansen (1915) there are several jaws with very low 
processes and very broad rami closely resembling the Heidelberg jaw, especially skull No. 331 (see below). Fiirot 
and Hansen state the ramus index of the latter as being 70.3 which is not much less than that of the Heidelberg 
jaw. Therefore it is evident that the particular feature of the coronoid process of the Heidelberg jaw is in direct 
correlation with its extraordinary breadth. However, the two phenomena are not at all primitive but merely 
represent an individual or some other special variation. 

That the statement just made is correct is proven by the coronoid process of the Sinanthropus mandibles. 
In jaws G I and H I one coronoid process of each specimen is completely preserved (Plate V, figs. 1, 2, 
Plate VII, figs. 1, 2 and textfig. 66, h, i). Apart from a slight variability, especially in size, the general 
appearance is the same. A comparison of the coronoid process in the Sinanthropus jaws with that of the 
anthropoids on one hand, and the Neanderthal group and recent man on the other, reveals very distinctly that 
Sinanthropus in this respect approaches more the anthropoids than the other two groups. Sinanthropus jaws show 
the same tendency of forming an angle and a superior border. 

With reference to other details of the coronoid process the only one worth mentioning is its triangular form 

in cross section which means that the process is flat on the lateral side but shows a distinct ridge on the medial 

side, that is, the crista endocoronoidea ascending to the top. Combined herewith is a thickening of the anterior 

border, the two features together giving the process a strong and robust appearance. Sinanthropus resembles in 

this respect more the chimpanzee than the gorilla or orang because the latter have flat and slender processes. 

Such a strong triangular process like that of Sinanthropus is observed very seldom, even in the most robust mandibles 

belonging to recent man. g 

The condyloid process; The most striking feature of the condyloid process in Sinanthropus is its relative 

slenderness in comparison with the jaws of La Chapelle-aux-Saints and Krapina I. The completely preserved right 

condyle of Sinanthropus jaw (Plate V , figs. 1-5) makes it possible to obtain reliable measurements. 

The greatest length of the condyle is 23.2 mm, the greatest breadth 10.4 mm, the corresponding figures 
for the restored right condyle of Sinanthropus jaw H I (Plate VII, figs. 1-3; Plate X-XIII, fig. 2) being 18.2 mm 
and 10.3 mm respectively. The following table shows the length-breadth index computed from figures obtained 
by the writer and other investigator*: 

TABLE V . 

Length-breadth index of the condyle. 

• w - V - £ i > ••• 
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Gorilla (average) 
Orang 
Chimpanzee ,, 
Sinanthropus G I 
Sinanthropus H I 
Heidelberg 
Krapina I 
La Chapelle-aux-Saints 
European (average) 
Melanesian t t 
Australian ,, 

47.1 
55.0 
45.0 
44.8 
57.2 
64.2 
54.0 
46.5 
41.4 
45.3 
45.7 

• 
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(Sarasin) 
(Keiter) 
(Keiter) 
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These figures show the relation between length and breadth varying within a wide range. Compared with 
orang the index of the Sinanthropus jaw G I on one side (44.8) and that of the Heidelberg jaw on the other (64.2) 
does not exceed the limit valid for one species, that is to say, that thick and thin condyles may occur in all. With 
reference to this factor we are dealing with an individual variation without any phylogcnetic significance. 

The variation in thickness means that the shape of the condyle represented by a sagittal section varies 

between thick and thin cylinders in anthropoids as well as in hominids. This fact is somewhat surprising because 

the corresponding mandibular fossa of the temporal bone shows great differences between apes and man. The 

fossa is smooth or slightly shallow in the first, but deepened to a more or less narrow pit in the latter. In the two 

temporal bones of Sinanthropus Skull I Locus E and Skull III Locus H (compare Weidenreich, 1935) the 

mandibular fossa is rather narrow. As the attainment of the congruity between fossa and condyle turns out to be 

matter of the articular disc, it becomes evident that the shape of the condyle does not permit a hypothesis on the 

shape of the fossa and the reverse. 

As to the shape of the articular surface of the 

condyle of Sinanthropus G I its outline in transversal 

section gradually rises to a dome-like swelling and 

then slopes steeply inward (textfig. 67 a). The 

inferior margin of the surface comes to lie in a much 

lower level on the inside than on the outside. The 

same feature occurs, .though seldom, in recent man 

where the surface usually is flatter and curved in'the 

same way as in Sinanthropus jaw H 1. The condyle 

of the mandible of La Chapelle-aux-Saints (67 b) 

resembles that of Sinanthropus G I in this respect; 

Boule had already called attention to the formation 

in 1911/13. In the mandible of Heidelberg (67 c) 

the surface is higher as a whole but curved in the same 

way. In this connection it should be noted that the 

feature of the Sinanthropus G I and La Chapelle-aux-

Saints condyle is very common^in gorilla (67 d), especi

ally the steep slope on the inner side, whereas in orang 

(67 e) and chimpanzee (67 f) the flat form prevails. 

, Nevertheless, the shape of the articular surface is not . 

more characteristic for a special stage of evolution 

than the shape of the whole condyle. 

In the sections dealing with the outer and inner surfaces of the ramus the writer already called attention to 

the tubercles found on both sides of the neck of the condyle. There it was shown that the "tuberculum subcon* 

dyloideum laterale" appears only to represent the uppermost part of the crista ectocondyloidea. In Sinanthropus 

jaw G I this tubercle (textfig. 57, tl) is an oval, smooth projection of about 10 mm length and 3.5 mm thickness 

separated from the articular surface by a distinct paraglenoid sulcus. The jaw of Sinanthropus H I (textfig. 4, tl) 

is damaged at this point, nevertheless it can be seen that the tubercle had been present. The tuberculum 

laterale is not confined to Sinanthropus. Boulc (1911/13) described its occurrence in the jaw of La Chapel le-aux-

Saints and called it "apophyse hypocondylienne. , , Gorjanovic-Kramberger found the same formation in the Krapina 

jaws. In Krapina jaw I it is indeed very pronounced. This tubercle is not infrequent in recent man, having been 

found to be quite well developed in two Australian jaws and alto in some of our Chinese skeletal material. A i 

L ^ i & S * 
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Figure 67* Outlines of the right condyloid process in 
frontal view. Designations:—- a, Sinanthropus G I; b, La 
Chapelle-aux-Saints; c, Heidelberg; d, gorilla cf J e, orang cT« 
f, chimpanzee cF • Natural size. 
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stated above, the tubercle is very characteristic for strong gorilla jaw,; in male orang, a more or ler, prominent 
roughness may be found on this side, but a tubercle is completely absent in chimpanzee as far as I am able to 
ascertain. 

The corresponding tubercle on the medial side of the condyle, the tuberculum pterygoideum superius, has 
been described in detail earlier in this publication in connection with the region of the foramen mandibulars 
Here again the writer can only repeat that this tubercle has a greater comparative value than the other one on the 
lateral side, although it is not completely absent in recent man. In the latter it is represented at best as a rough 
spot on the medial part of the fossa pterygoidea. 

Both tubercles obviously bear the character of strong muscular markings which is in conformity with the 
entire appearance of the Sinanlhropus jaws, especially with that of jaw G I, thus serving only in such an 
indirect way as primitive features. 

Gorjanovic-Kramberger (1909) as well as Boule (1911/13) considered the strong projection of the condyle 
toward the lateral side in the jaws of Krapina and La Chapelle-aux-Saints respectively a primitive feature. 
Virchow (1920) stated to have observed this feature only once in recent man. It is true that the condyle projects 
considerably lateralward in the mandibles of La Chapelle-aux-Saints, Malarnaud and Le Moustier. However, this is 
not the case in the Heidelberg jaw, nor does it hold good for Sinanlhropus* Disregarding the tuberculum subcondy-
Ioideum Iaterale in Sinanlhropus jaws G I (Plate V , fig. 3, textfig. 67 a), H I (Plate VII, figs. 3, 5) and F I 
(Plate III, fig. 7) the superior border of the ramus limiting the mandibular notch meets the anterior side of 
the condyle near its lateral corner. Only the condyle fragment of Sinanlhropus jaw B II shows the same feature 
as the Neanderthal mandibles mentioned above. On the other hand, it is important that among the anthropoids the 
condyle projects lateralward only occasionally in the gorilla, while in orang and chimpanzee the conditions are 
the same as in Sinanthropus and recent man. Therefore the feature in question has no comparative value. 

The same is true for the direction of the long axis of the condyle. In the jaws of the Neanderthal group 
including that of Heidelberg, this axis forms a distinct obtuse angle opening medianward to the superior border of 
the ramus. In recent man this angle varies from a right to a slightly obtuse one. hi Sinanlhropus G I the angle 
is slightly acute, in H I slightly obtuse and in F I more obtuse. In gorilla and orang this variability occurs to the 
same extent. 

The respedioe height of the processes: In both adult Sinanlhropus jaws G I and H I the coronoid process 
is higher than the condyloid one. The difference is slightly greater in H I than in G I. In recent man both 
possibilities are realized. In our collection of Chinese jaws occasionally the condyloid process will be found to 
be higher than the coronoid process and at other times the reverse will be observed. The differences may be 
quite considerable. In anthropoids the coronoid process usually is higher but it may be found that both processes 
are equal; in gorilla the condyloid process occasionally exceeds the coronoid. What the original conditions may 
have been is difficult to determine. 

V. THE GENERAL APPEARANCE OF SINANTHROPUS MANDIBLES 

DEFINABLE BY MEASURING METHODS 

In this chapter I shall discuss the general appearance of the Sinanlhropus mandibles as far as it can be defined 
by measurements. R. Martin's textbook (1928) enumerates a great number of such measurements, but many of 
them are without comparative value, at least in the way in which they are recommended to be taken. In a 
very recent publication just received after the completion of this manuscript, Morant, Collett and Adyanthaya (1936) 

, V *. ' M 
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discuss the best methods for obtaining reliable measurements on the mandible. As I will show below, the length 
measurements pertaining to the chin as foremost landmark for comparative purposes cannot be applied to such cases, 
in which the chin is absent. Apart from this, I prefer to take most of the measurements on orthogenic projections 
obtained with the aid of the stereograph by Schwarz, this method undoubtedly yields the most certain results. 

Below the measurements are classified into four groups according to their relation to the parts of the man
dible as follows: measurements of the body, measurements of the ramus, measurements of the whole mandible 

5v and measurements of the three mandibular arches. 
' • A '* • • ' / : v 

A. MEASUREMENTS OF THE BODY. 

I. Angle of inclination of the frontal part. The angle which the frcntal part forms within a horizontal 
plane permits a judgement of the degree of prognathism. Usually it is measured by tracing a parallel to the Frank
fort plane starting from the incision and a tangent starting from the same point and touching the most salient point 
of the chin (pogonion). The so-formed angle known as the "chin angle* * (angle symphysien) can only be taken 
if the Frankfort plane is known, that is to say, if the whole skull is preserved. If the mandible alone is pre
served, the chin angle may be measured by tracing the same tangent and the line or plane of the lower margin of. 
the jaw (basal tangent). Since it is difficult to determine the latter plane correctly, preference is given to the alveolar 
plane or alveolar line (Klaatsch, Virchow). This line is traced from the incision to the most salient point of the 
alveolar border between the second and third molars. It is independent from the occasionally irregular and undulated 
curve of the lower margin. On the other hand, the tangent joining the incision to the pogonion is also unsatis
factory on account of the great variability' of the latter point which does not indicate the degree of the actual 
inclination of the frontal part but only the accidental and subordinate prominence of the tuber symphyseos. 
Therefore to determine the "chin angle*' the writer chose the alveolar line on one hand (al) and the incision-
gnalhion-line (i-gn) on the other (textfig. 68). Both lines can be traced quite accurately on the craniogram, while the 
contours were derived by the use of Schwarz*s stereograph. The **chin angle* * obtained by this method is of course 
different from those obtained by other means. Textfigure 68 shows the outlines of the profiles of the adult Smart-
thropus jaws G I (68 a) and H I (68 b) and those of the cross sections through the symphysis in their correct position 
to the alveolar plane. The angle between this sagittal mid-line and that connecting the incision with the gnathion 
represents the real chin angle or better the angle of inclination of the frontal part. Textfigures 69 and 70 illustrate 
the same for the juvenile Sinanthropus jaws B IV and B I as also a comparison between Sinanlhropus, chimpanzee,. 
Neanderthal and recent man of the same ages. , ' ; >:, 

This angle is very acute in anthropoids and lower monkeys, it approaches the right angle in Sinanthropus and 
the Neanderthal group and it does so still more in recent man where it occasionally becomes obtuse. Such a change 
implies that the frontal part becomes gradually erected according to the transition from prognathism to orthognathism. 
In textfigures 71 and 72 there are grouped some characteristic angles and cross sections of the symphysis ot 
typical representatives of the primates just quoted. Table VI elucidates this feature with the corresponding figures 
which are arranged according to the size of the angle. ,- -

The drawings and figures show that prognathism and development of the chin (mentum osseum) are two 
different phenomena. It is well known that alio in recent man the latter may exist in spite of a high degree 
of prognathism (textfig. 71 r, s). Such cases represent the so-called "negative chin" (Klaatsch). As discussed 
above, the projection of the basal part (mentum osseum) is chiefly a consequence of a reduction of the alveolar 
proccis due to a reduction of the roots of teeth. This reduction becomes evident by the inward curve of the 
outlines (textfigs. 71 and 72) indicating the incurvatio mandibulae anterior. It begins to become manifest in the 
Neanderthal group and is a characteristic of recent man. 
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Figure 68. Diagrams of Sinanthropus mandibles G I (a) and H I (b) in profile views, with the median sections through the 

•ymph>sis indicated in correct orientation and projection to the alveolar plane. The lines of orientation are represented by line 
• lines. Abbreviations:- al, alveolar line; i-gn. incision-gnathion line. Natural size. ? 
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TABLE VI 

^ \ $£~:&*£^i%* Angle of inclination4 

Ser. D 

ff ? • - -

a. Adult 

Baboon 

Chimpanzee 

Gorilla 

Orang 
* Symphalangy syndact. . 

Semnopithecines 

Sinanthropus G 1 (rest.) 

Sinanthropus H I 

1 Heidelberg 

Krapina G 

Krapina I 

Krapina H 

La Naulette 

La Chapelle-aux-Saints (rest.) 

Malarnaud 

• *•_.•"* "-*•• iW.f '^ ' . j , -"-

Chinese No. 69cT 

Wadjak II 

Australian 

Spy I 

Predmost cf 

Choukoutien (No. 104) 9 * * 

Obercassel 9 

Predmost 9 

iiskimo 

Prehistoric Chinese 

Choukoutien (No. 101)cf 

Obercassel cf 

4 0 ' 

44-49° 

47-49* 

50-54° 

49-60° 

52-57° 

59° 

60.5° 

60,5* 

62 .5 ' • 

63.5° 

63.5° 

65.0° 

70.0° 

70.5° 

73.0° 

73.5° 

74.5° 

77.0° 

77.0° 

77.0° 

78.5° 

82.0° 

68.0° 

% 88 .0° ' 

91.0° 

94.0° . 

b . Juvenile 

Chimpanzee child (milk teeth) 

Chimpanzee child (permanent incisors) 

Sinanthropus B IV (milk teeth) 

Sinanthropus B I (permanent incisors) • 

Sinanthropus B V (canines erupting) / '. 

Gibral tar child (milk teeth) 

Ehringsdorf child (permanent incisors) 

Chinese child (milk teeth) 

Chinese child (permanent incisors) 

•• yy^,,m-,- .»•, 

-*.»•»' -.. 

. '•".-<. > S.-WJ? 
• • * • • / 1 

; £ ^ ^ ^ ; ^ ^ i o #&f? 

54.0° 
51.0° 

63.0° 
63.5° 
59.5° 

75.5° 
65.0' 

75.0° 
86.0# 

• «.«***•» ' r ' J . - v t , . 

• Some of the figures slightly disagree with those given by me in my earlier publication (1934). The reason for such dis-
crcpancy is the revised method of determining the alveolar plane. 

** The specimens listed here as Choukoutien represent material belonging to recent palaeolithic man recovered from the 
so-called "Upper Cave" of Choukoutien and which was briefly described by the late Davidson Black in a preliminary 
announcement (1934a). 

|^?4/:^ :*A :Jy>^»&i<.^ ^ % S ^ ^ ' ? M M ^ i i i ! ^ - ^ : : \ . .^yS£~:ii i :^^:^^4s 
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Figure 69. Diagrams in profile views representing mandibles Figure 70. The same as In fig. 69. Juvenile mandibles of the later stage ol 
with the milk teeth oriented in the alveolar plane. Designations:— dentition (with permanent incisors). Designations:— a. chimpanzee child (No. 
a. chimpanzee child (No. 381); b. Sinanthropus child B IV; c, 321) b. Sinanthropus child B I; c, Ehringsdorf child; e. modern North Chinese child 
Gibraltar child: d, modern North Chinese child. Natural size. (No. 44), Natural size. 
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Figure 72. Median sections through the symphysis of juvenile individuals oriented in the alveolar plane. Designations:— 

I a, chimpanzee child with milk teeth; b, chimpanzee child with permanent incisors. II a, Sinanthropus child B IV with 
milk teeth; b, Sinanthropus child B I with permanent incisors; c, Sinanthropus child B V with erupting permanent canines. 
Ill a, Gibraltar child with milk teeth; b, Ehringsdorf child with erupting permanent canines. IV a, modern North Chinese 
child with milk teeth; b, modern North Chinese child with permanent incisors. Natural size* 

As further demonstrated by the drawings the angle of inclination grants no measure for the variable height 

of the prominence of the chin. If it should be considered of importance to know the exact measure, it could be 

calculated by determining the curve rates of the anterior outline coursing between incision and gnathion. Failing to 

understand the comparative value of figures thus derived, i omitted to make such calculations. -• 

As the method 1 applied for determining the angle of inclination is different from that of other authors, a 

direct comparison of the figures concerned is not possible. For this reason the figures for this angle which were 

obtained by applying the usual methods are also included. The angle formed by the incision-gnathion-line and the 

basal margin of the jnandible (No. 79 la according to R . Martin's list) taken on the craniogram is 123° in the recon

structed Sinanthropus jaw G I (textfig. 68 a), 114° in the original jaw H 1 (textfig. 68 b) and 123° in the original 

juvenile jaw B I (textfig. 70 b). The angle formed by the basal margin and the anterior outline of the symphysis 

(**line symphysienne" of the French authors) amounts to 116° for the first and 109° for the latter mentioned. 

However, the inaccuracy in tracing that outline when it is more or less convex should be taken into account, such 

as in the case of Sinanthropus jaw G I. In the Sinanthropus jaw B I this measurement cannot be taken on account 

of the convexity of that line. R . Martin (1928) as well as Boule (1911/13) give a table of figures, but those of 

Martin certainly do not correspond to the method of measurement which he declared as representing the standard. 

Boule's figures referring to the Neanderthal group are as follows: 

*££&-; 

Spy 

Malarnaud 

La Chapelle-aux-Saints 

Krapina G and H 

La Naulette 

La Ferrassie 

or 105-106 

110* 

104° 

99* 

94° 

85* 

r:«%i»i; 
»:>*/ 

Jfr'" «'V 
J.v <".*r 

»*• 
# * 

* ., 
»w 
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V*' 
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The figures for Spy in this list are certainly/too high. On the cast of the latter the writer found the angle ranging 
from 85° to 99° according to what was considered as the line of the lower margin or symphyseal line. In any 
case all these figures prove very clearly that the angle of inclination in Sinanthropus is much higher than within 
the Neanderthal group, including the Heidelberg Jaw, and that it approaches the chimpanzee and orang closely 
in which the angle of inclination amounts to 115° and 124° respectively according to Boule*s observations. 

A comparison of textfigures 69, 70 and 72 and Table VI b with textfigures 68, 71 and 73 and Table VI a 
reveals that the angle of inclination in chimpanzee, Sinanthropus and Neanderthal man is higher in childhood, that is 
to say, as long as the permanent dentition is not completed, than in the adult stages. However, the figures in Table 
VI offer no security for considering this phenomenon as a general rule because the angle varies not inconsiderably 
and because the stages of ontogenetic development, on which these statements are based, belong to different indivi
duals, possibly with different angles. Nevertheless, the drawings and the figures prove that in all four groups — 
anthropoids, Sinanthropus, Neanderthal man, recent man — a common "mesogeneiotic" mandible which Bolk (1926) 
considered the earliest stage of ontogenetic development in primates had never existed. In chimpanzee the inclina
tion is less in juvenile jaws, becoming more intense with the second dentition. The same is true for Sinanthropus 

although the change here is not quite so marked as in the chimpanzee. In recent man the reverse process generally 
takes place as shown in my publication on the origin of the chin (1934) to which the reader is referred. It is 
of interest to note that in this respect Sinanthropus seems to follow more to the rule that is characteristic for the 
chimpanzee than that for recent man. Notwithstanding this fact, in the publication just mentioned I described the 
degree of the angle of inclination in gorilla and orang as being higher in the adult stage than in the juvenile. At 
that time I believed that the result of this finding was accidental on account of the specific chimpanzee material at 
my disposal. However, I have observed the same phenomenon in the chimpanzee material belonging to the collec
tion of the Cenozoic Research Laboratory. Thu$ the difference noted between orang and gorilla on the one side 
and chimpanzee on the other is not accidental but an actual fact, which deserves consideration in regard to the 
conformity to Sinanthropus. 

With reference to the angle of inclination Sinanthropus (adult and juvenile) occupies the lowest position in 
the line of evolution of hominids known hitherto. The Neanderthal group approaches it but the angle is clearly 
less acute in the latter. 

-*t**-"-4 -* -*•*•--"• 

2. The height of the alveolar and basal parts. One of the most striking differences between monkeys 

cr apes and man is the difference in size and thickness between the alveolar and basal parts of the mandibles in 

the whole anterior region before the first molar. As stated earlier in this publication (p. 38 & ff.) the reason for 

such a difference is the fact that the teeth of apes and their roots are much larger and stronger than in man. lnis 

is especially true for the canines. The natural consequence after each reduction in the size of teeth is a corre

sponding reduction of the alveolar part which supports the teeth, whereas the basal part which serves only as a 

buttress for the masticatory pressure and as a working point for the mimetic (and indirectly also for the mastica

tory) muscles is not involved. On the contrary, the basal part is strengthened on account of the increase of the 

more direct working masticatory pressure to which it is submitted as a result of the retraction of the frontal teeth 

in conformity with their reduction. Here again the reader is referred to my earlier publication (1934) in which all 

these problems are dealt with. 

Exact measurements of the size of the parts in question are difficult to obtain on account of the absence 
of a clear boundary between them. Only one point affords a landmark for such a measurement, namely the 
opening just above the site of attachment of the genioglossi where in anthropoids as also in man a small vessel 
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enters the bone and thereby forms the foramen supraspinosum. The part above this canal belongs to the alveolar 
process, the part below it to the basal part of the jaw. 

' 

WtV i„ 

In textfigure 30 this foramen is marked by a point on the inner outline of the symphysis. The per
pendicular to the incision-gnathion-Iine erected at this particular point supplies a good approximation of the apportioned 
size to each of the two parts mentioned above. This apportioned size can be expressed in the form of an index 
showing the distance of the foot-point of the perpendicular from the gnathion in proportion to the entire length of 
the incision-gnathion-line. The lower the index figure, the smaller the basal part and vice versa. 

L.J'..* i#K. 

In the following table the indices are computed on the basis of the outline of the symphysis illustrated in 
textfigure 30 and arranged in sequence. 

£*%!•* 

Index o 

vs#s :¥J£ TABLE VII 

f the position of the foramen supraspinosum 

Jfr-

V. r 

'* i ** «" 

» • * ' • * . 

^>W< 

XT? 
V,*v 

' 

Chimpanzee 
Gorilla 
Heidelberg 
Orang 
Sinanthropus H I 
Sinanthropus B I 
Krapina H 
Krapina J 
Australian 
opy l 
Choukoutien (No. 101) 
Average of all races of recent man 

15.8 
22.2 
25.8 
27.9 
30.2 
31.3-
32.6 
34.2 
36.5 
45.3 
45.5 
47.6 

».*.>. . . . . 

(30.3) 

'..«* 
. * W ! . * ^ 
'ViV'i 

'"'•* X&fc1 
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fc.v« X>*~# 1?% 
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In this list the Heidelberg jaw reveals a very low figure but I doubt its correctness because of the difficulty 
of finding the right position of the foramen on the cast. A computation on the basis of Schoetensack's (1908) 
reproduction of the jaw yields an index of 30.3 which agrees with that of Sinanthropus H I . In respect to the 
latter the table shows that Sinanthropus ranks between the anthropoids and the Neanderthal with regard to the 

' size of the basal part. 

In my publication on the chin (1934) I referred in this connection also to the position of the foramen mentale. : 
This foramen is situated in a much higher level in recent man than in monkeys and anthropoids. The indices 
obtained are as follows: 

Recent man (average of all races) 46.6 

Recent man according to H . E. Schulz (1933) 37-48 

Anthropoids 

Symphalangia 

Other catarrhines 

•ding to H . E. Schulz (1933) 37-48 

313 

30.8 

22.0 • 

These differences are due to the same, fact as in the case of the foramen supraspinosum, the foramen mentale 

beine situated at approximately the boundary between the alveolar and basal part of the jaw. 
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Unfortunately these measurements cannot be taken in Sinanihropus on account of the multiplicity of this 
foramen, and cne is at a loss to determine whether the uppermost or the lowest of the foramina corresponds to the 
single foramen in recent man and anthropoids. The lowest foramen yields an index of 33.3 in Sinanihropus jaw G 1 
of 35.0 in jaw H I and 33.3 in jaw A II. 

3 . Index of the robustness of the body. Some cf the jaws of the Neanderthal group (La Naulette 
Malarn3ud) are remarkable by the fact that they are very low but at the same time unusually thick. According 
to Topinard the proporticn between height and thickness is best determined by taking both measurements in the level 
of the foramen mentale. 

The list of the indices given by Boule (1911/13) arranged from high to low is as follows: 

RTF. Vlll 

he body 
*m 

TABLE VIII 

Index of robustness of the 

r*?t c • 

" • J i l t - Sa-1 . . -• tt 

*&%¥&" 

Malarnau-l 

La Naulette 

Heidelberg 

La Chapelle-aux-Saints 

Orang 

Uorilla 

rapina VJ 

La rerrassia 

Krapina D 

Krapina H 

Spy 

10 African negrqes 

10 New Caledonians 

10 modern Parisians 

72 Fushun-Chinese 

113 Koreans 

46 Kinai-Japanese 

60.4 

57 

52 

51 

50 

50.3 

50.0 

.7 

9 

• O 

.8 

The indices for Sinanihropus are: 

omanihropus A II 59. 

Sinanihropus H I 58. 

Sinanihropus G I 

DU.U 

44 4 

42 8 

i pSi§§§t; 

/average (according to Shima, 1933) 

M P 

42.4 

42. 

40.9 y average 

40.8 

40.0 

40.9 

38.2 

• t , ' ^ J'-^1 

Index Height 
4 25.6 mm 
4 26.0 mm 

48.3 34.0 mm 16.4 mm 

Thickness 

15.2 mm 

15.4 mm 

vS"--

»ii33££I 
The figures show that the Sinanihropus jaws A II and H I have the highest indices which are only 

slightly exceeded by that for the Malarnaud jaw. The indices are not inconsiderably higher than that of the 

I t if§ I Slilll 
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Heidelberg ,aw, but it is important that jaw G I which, considered as a whole, is certainly the bulkiest of the 
Sinanthropus mand.bles has a much lower index than the two other jaws and ranks between the jaws of Krapina 
G and La Ferrassie. The jaws of Malarnaud and La Naulette are considered to belong to female individuals by 
most of the investigators, and in my opinion Sinanthropus jaw A II and H I also belong to females while jaw G I 
is that of a male individual. The height of the Sinanthropus jaw G I is greater than the other. Thus, it 
becomes evident that male individuals have a lower index than females which apparently is a consequence of the 
former having higher mandibles. Such differences hold good not only for fossil hominids but also for recent man. 
Shima (1933) computed the average index in question for Fushun-Chinese and Koreans as follows: 

/• '•A- - ' 

Fushun Chinese cf 
• Q • --

Koreans cf 

9 

*Asa 38.4 
41.7 
39.4 
42.4 

i»rt-{."»« , ,<»l»«W(l *;" Jv»«fJ 

l.iV; 

Whereas the average thickness of the mandible of both sexes is about the same: Chinese 12.2 and 12.1, Koreans 
12.3 and 12.1, the average height differs in favor of the males: Chinese 32.3 and 29.3, Koreans 31.6 and 
28..9. When comparing the indices of the various jaws of the Neanderthal group, it can be easily seen that the 
higher the index of robustness is, the lower the jaw itself will be. 

^.r.>"'^->U'. 
Malarnaud 

La Naulette 

Spy 

Krapina H £&&£%$* zw 

Height 

24.0 mm 
26.0 mm 
33.0 mm 
35.0 mm 

Index 

60.4 
57.7 
42.4 
42.8 

#t> f- '-\ 

• . S X e . \ ^ . 
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--.i'ti. 

For anthropoids the corresponding figures are as follows: 
*?&>>£•• it ' 

; ' l » : 

Height 

Orang « . / mrr 
r 11 Al 7 mrr 

Gorilla 42.7 mrr 
Chimpanzee | g 33.5 mrr 

Index 

50.3 
50.3 
48.9 

z~- i 

:'**-• 

The jaws of orang and gorilla which are very high are relatively thinner than those of hominids. All these 

facts should be taken into consideration when making a comparison of the indices in question. 

However, when considering the various groups concerned by computing the average indices, it becomes 

evident that Sinanthropus has a much higher index of robustness than the Neanderthal group and recent man: Sinan-

throups 55 A, Neanderthal group including the Heidelberg jaw 49.7, recent man 41.3. 
•**. 

B. MEASUREMENTS OF THE RAMUS'. 

I . The angle of the mandible. By this name the angle formed by the basal tangent of the mandible 

and the tangent of the posterior border of the ramus is designated. The measurements taken and listed below are 

computed on the basis of exact profile drawings (compare textfigs. 68-70, 73). 

On page 72 & f I have called attention to the difficulty to-determine" the correct course of the basal tangent 

in such cases where the basal margin is curved, and attention was also called to the varying appearance of the border 
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in the region of the angle (compare textfig. 65). The difficulties caused by all these irregularities are, of course, 
not decreased by the method of measurement 1 used. Inspite of the inaccuracy inherent to the angle, it offers a 
rather characteristic feature of comparative value of the mandible. Some recent author suggested the use of other 
landmarks which according to them are more reliable. The difficulty of undertaking changes as suggested lies in 
the fact that in doing so all the earlier computed figures will lose their values for comparative purposes. For this 
reason I prefer to use ths old method. 

• -ft "?J TABLE IX 

Angle of the mandible of adult individuals arranged according to size 

'-v^-V 

Sinanihropus G I . 
Gorilla 
Heidelberg 
Sinanihropus H I 
Orang 
La Ferrassie 
Malarnaud 
La Chapelle-aux-Saints 
Wadjak 
Predmost cf 
Prehistoric Chinese cf 
Choukoutien 
Krapina 1 
A . I* us trail an 
Obercassel cf 
Choukoutien 9 
Chinese (prognathous) 
Chimpanzee 
Predmost 9 
Average figures of different races of modern 

man, in particular Mongol groups; 
Formosian 
South American Indians 
Chinese cf 
Chinese 9 
Lappscf 
Lapps 9 
Koreans cf 
Koreans 9 
Kinai-Japanesecf 
Kinai-Japanese 9 
Eskimo 
Ainu 
Hokuriku- Japanese cf 
Hokuriku-Japanese 9 
Baining (New Pommern) 
Australian 
Negro 
European (Munich) 
European (Alsatian) cf 

9 

'• \ • • * . « ' \ " 
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:-rf: 
97° 
98.6* (average) 

107.0° (Schoetensack) 
108.0° 
108.8° (average) 
109.0° (Boule) 
109.0° (Hamy) 
110.0° (Boule) 
111.0° 
113.0° 
117.0° 
117 .0" rMi 
117.0° 
119.0° 
120.0° 
120.0° 
120.0° 
125.0° (average) 
127.0° 

*<ts'^' • — 

120 
12 
118 
129 
122 
125 
123 
128 
123 
129 
124 
125 
128 
134 
115 
124. 
125. 
128. 
122. 
124. 

^ ^ a & ^ 

i.4° (105-131) (Schulz) 
.8° (106-133) M 

.0° (105-135) (Haberer) 
2° (105-135) 
6° (105-140) (Schreiner) 

.2° (107-142) 
2° (Shima) 

.5°1 
,0° V Mijamoto (Shima) 
3°J 
4° (100-149) (Furst & Hansen) 
0° (100-140) (Koganei) 
2° (Ostuki) (Shima) 

8 (100-132) (Schulz) 

& 

0 " | 
o* y R. 
o°J 
0 
0 
3*} Ad 

Martin 

ams »^g4i>^ 

These figures show that a great individual variability exists, ranging frcm 100° to 149° in the case of the 
Eskimo. According to R. Martin (1928) the range of variability in recent man is still greater and begins at 8 8 ' . 

> 
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On account of such conditions it seems impossible to define a standard angle for primitive forms. Furthermore, 
even in anthropoids the angle varies from 95° (gorilla) to 128* (chimpanzee). However, chimpanzee shows what 
may be taken as the reason for such a great difference in anthropoids. As seen in textfigure 73 there is also a 
difference in the direction of the alveolar and basal line in both apes. In the gorilla these lines run almost parallel 

or more correctly, they form an angle 

• > « " •* 

A l 

~1 
i ^> 

of 3°, but in chimpanzee they con
verge backward to form an angle of 
10°. This convergence is obvious
ly a consequence of the difference 
in the height of the body. In gorilla 
(textfig. 73 a) the vertical symphyseal 
height is only insignificantly greater 
than the height of the body behind 
Mit namely 39 to 34 mm, whereas 
in chimpanzee (textfig. 73 b) the 
figures of the same measurements are 
38 to 27 mm. This question will be 
discussed below. The reason for 
such a difference in the height seems 
to be that in chimpanzee the teeth of 
the frontal part, not only the canines 
but also the incisors, are relatively 
much stronger than the molars, 
whereas in gorilla and orang the~e 
differences are remarkably less pro
nounced. The mandible serving as 
a lever during mastication therefore 
requires a different construction 
adapted to the corresponding work
ing points. 

The figures of Table IX 
show that quite apart from Sinan

thropus the average degree of the 
angle is about 110° in the Nean
derthal group and 123° in modern 
man; perhaps this angle is even 

i%-

%&?• 

Figure 73. Diagrams of gorilla 9 (a) and chimpanzee Cf (b) mandibles in profile 
view, with indications of the median sections through the symphysis in correct orientation slightly smaller in palaeolithic man 
and projection to the alveolar plane. The lines of orientation are represented by fine ( | 18°) . There is every reason to 

, believe that a steep ramus is charac

teristic for a primitive hominid and that it becomes more inclined in the course of evolution. The conditions known 
to exist in Sinanthropus agree very well with such a hypothesis. In. that case the average —if it is permitted to 
speak of an average with only two specimens on hand —is 102.5*. The line of evolution therefore is as 
follows: 
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averages 

~.*v.* 

Sinanthropus 

Neanderthal group 
Recent palaeolithic man 
Modern man 

Werth (1928) asserted that in respect to the'angle in question the Neanderthal group would be more 
progressive than palaeolithic recent man, the first having a more obtuse angle than the last named. He proves 
his assertion by referring to the mandibles of La Chapelle-aux-Saints, Le Moustier and the Ehringsdorf child on 
the one hand, and to those of Combe Cape lie and Cro-Magnon (old man) on the other. The angle of the La 
Chapel le-aux-Saints mandible is 110° according to Boule, that of Combe Capelle 114° according to Klaatsch (1910) 
and that of Cro-Magnon 119* which is entirely contradictory to Werth's statement. The reference to the mandible 
of Le Moustier and to that of the Ehringsdorf child is not applicable in this case.since both jaws belong to juvenile 
individuals, where, as is well known, the ramus always forms a more obtuse angle with the body than it does in 
adult jaws, as for instance in Combe Capelle and Cro-Magnon. The angle of Le Moustier is 118° and that of 
the Ehringsdorf child 116.5°; the determination of both angles is after H. Virchow (1920). Mandibles of recent 
palaeolithic man of the same age as those quoted immediately above are not known so that we are confined to com
pare them only with material belonging to recent man. 

Kieffer (1908) defined the degree of the angle in different periods of life. His method was somewhat 
different from the one ordinarily u:ed, with the result that his definitions are not directly comparable with those 
obtained by other methods. However, his figures for juvenile and adult jaws can be used for comparative purposes. 
According to the figures obtained by Kieffer the angle averages 126.5° in different juvenile individuals 
of the same age and 123.0° in adults of the S3me population. Considering this deviation which is dependent upon 
the age of the individual, it is found that the mandibles of Le Moustier and Ehringsdorf agree quite well with the 
adult jaws of Krapina and in any case their angles are incontestably more acute than those of recent man. Thus, 
it becomes evident that Werth's assumption was without any real foundation. With reference to Sinanthropus, there 
are two juvenile jaws, namely B I and F I, which permit a definition of the angle in question. Both jaws belong 
to individuals of approximately 8 to 9 years old. The angle of jaw B I is 107°, that of F I 112°. The man
dibles of recent Mongols of corresponding age at my disposal have an angle of 123° to 135°. Kieffer s aver
age figure of South German children of the age from 5 to 10 years is 125.3° (121-132). In the following table 
available figures of juvenile mandibles of about the same age are listed as follows: 

TABLF X 

•V»y#&'.«r; Angle of the mandible of juvenile individuals arranged according to degree y*J?'*?&vfi 

Sinanthropus B I 
Gorilla 
Sinanthropus F I . 
Orang 
Ehringsdorf child 
Le Moustier 
Chimpanzee 

1 Recent European man 
Recent Mongols 

107° 
109° 
112 
113° (average) 
116.5° 
118° 
122° (average) 
121-132° (Kieffer) . 
123-135* 

It becomes evident that Sinanthropus has a more erect ramus in the juvenile stage than the Neanderthal and 
recent man. 
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It i$ not without interest that the angle is more acute, which means that the ramus is more erect in the 
male than in the female individual of recent man. According to Kieffer (1908) the figures obtained arc: male 
121°, female 124.5°. For the Lapps, Schrelner (1935) obtained the following figures: male 122.6, female 125.2. 
In Koreans and Japanese this average sex d fference amounts to 5.2° and 6.1° respectively (see Table IX). 
In the light of these statements the miter believes that it is not accidental that Sinanthropus jaw G I, supposed 
to belong to a male individual, has an angle of 97° and jaw H I, supposedly that of a female, one of 108°. 
Obviously, a steeper ramus belongs to a bulkier body. 

2 . The height-breadth index of the ramus. Some investigators lay special stress on the height-breadth 
index of the ramus, and consider a high index as a primitive character. Yet as Boule (1911/13) remaiked correct
ly, the index has no t xoncmic significance on account of the ab:ence of a fundamental difference between apes and 
man. In addition, it becomes evident from the following table that the individual variation in the same group 
of population of recent man, in Eskimo for instance, can be so great as to embrace all the different individual 
indices of anthropoids and hominids. 

M 

• * ' • : 

&-Vr»t » TABLE XI 

The height-breadth index of the ramus arranged according to size • * • * ' * " . • * • • 

*S?V*>" £** 

Eskimo No. 189 
Eskimo No. 200 
Eskimo No. 112 
Eskimo No. 373 
Heidelberg 
Choukoutien 9 
La Chapelle-aux-Saints 
Orang 
Predmost9 
Chimpanzee 
Sinanthropus B I 
Combe Capule 

XV-'"•*** 

''gi^i&r: 

Choukoutie.icT 
Sinanthropus 
Cro-Magnon 
Sinanthropus H I 

La Ferrassie . 
Wadiak II 

onlla 
^#:r.#. Eskimo 

PredmostcT 
African negroes 
New Caledonia 
Sinanthropus G 
Lapps 
Obercassel $ 
Australian 
Malarnaud 
Krapina (without designation) 
Norwegian 
ObercasselcT 
European 
Eskimo No* 227 

ns 
I 

^ t ^ / ' j i&,?\*-fif-: 

82.2 
82.2 
79.6 
77.9 
75.0 
74.2 
71.4 
71.3 
71.0 
70.0 
69.8 
69.0 
67.8 
b7.3 
66.6 
66.0 
65.4 
65.0 
65.0 
64.5 
63.4 
63.4 
60.8 
60.1 
60.0 
59.6 
58.5 
57.5 
56.5 
56.0 
53.4 
48.8 

(Furst and Hansen) 

«*?.<S?T ^ : ' \ 

(Schoetensack) 
(Weidenreicr 
(Boule) 
(average) 

sack) 
eichj 

(Boule) 
(We 

•*?.rv-*£v lie) 
idenreich) 

(Weidenreich) 
( " ) 
(Boule) 
( N ) 

(average) 
(average) (Furst and Hansen) 

(Renard) 
( " ) 
(Weidenriich) 
CbchreinerJ 
(Bonnet) 
(R. Martin) A 
(rJoule; 

"•*$£• *G&y# ^ft>v-y: 
(bchreinerj 
(Bonnet) 
(Renard) 
(Furst and Hansen) 

'•W&. 
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-V" -.4^ ~ 
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Werth (1928) asserted that the Heidelberg jaw with an index of 75.0'was completely outside the range 
- of variability of the entire family of mankind. The table shows that this is not actually the case. Among 

the figures given for recent Eskimos by Fiirst and Hansen (1915) there are many that exceed considerably the 
Heidelberg mandible index and again many which approach it. The same is true for the Lapps according to 
the figures obtained by Schreiner (1931). On page 74 6c f 1 already referred to these and other figures. Table XI 
reveals that not only Sinanthropus, the Neanderthal group, palaeolithic recent and modern man but also the 
anthropoids represent a great variability so that it is impossible to determine the real order of evolution. It seems 
that the breadth of *the ramus depends on individual characters and development of the masticatory muscles rather 
than upon a special phylogenetic factor, .fj J ?« 

r>:v 

Schulz (1933) determined that the Wurttembergian have a very high and narrow ramus (low index: 49.5) 
and the negroes a very low. and broad ramus (high index: 62.1). As the figures of Fiirst and Hansen (1915) 
prove the Eskimos also have a much higher average index (65.0) than the European (53.4). The only con
clusion which may be drawn from these computations is that people or races with strong masticatory muscles have 
relatively lower and broader rami than those with more weakly developed muscles. However, on the other hand 
it should be recalled that the male Sinanthropus G I the mandible of which shows all characters of robustness and 
a very strong musculature has a lower index of the ramus than the female and weaker Sinanthropus jaw H I. 
It is remarkable that the same is true for palaeolithic man: in the three cases where we have male and female 
individuals — Predmost, Obercassel and Choukoutien — the jaws of females have a higher index than the males 
(compare Table XI), the differences amount to 4-10 units.-

According to Schreiner (1935) there is also a difference in sex in the modern Lapps, the average index 

of the females being 61.0 and that of the males 58.6. For the Chinese, Koreans and Japanese the reader is 

referred to Shima's computations (1933) which read as follows: 
*•»# -Z * 

9 58.2 
cf, 53.8 
9 59.5 £j£ 

i ; , t 57 1 cf 57.1 

Mijamoto 
*£&$*+$:.*. 

" V v * 

Rinai- Japanese V !>/.o ) 

d* 56.2 ) 

Schreiner's figures reveal that this appearance is a consequence of the greater difference in height ( $ 51.8 mm, 
d* 57.8 mm) than in that of breadth ( 9 31.6 mm; d 33.9 mm) and the same holds good for the Chinese, Koreans 
and Japanese. In Sinanthropus the female jaw H I has approximately the same breadth as the male jaw G 1 
(39.7 mm; 40.7 mm) while the difference in height is much greater (59.0 mm; 66.7 mm).* Therefore the index 
depends more on the height than on the breadth of the ramus. Female jaws have a higher index on account ot 
the ramus being lower than that of male individuals which is in conformity with the statement with reference to 
the index of robustness, namely that the body of the jaw is also lower in females than in males (p. 87). Kaces 
with low rami have a higher index than those with high rami. A decision as to whether the low or the high ramus 
should be considered a more* primitive character cannot be reached, since this character is completely over
shadowed by much more pronounced sex differences. 

3 . The incisura semilunaris. Werth (1928) laid great stress upon the depth of the mandibular notch 
and the exact position of its deepest point. From the fact that mandibles of carnivores, the rami of which accord
ing to Werth would have preserved an extraordinarily primitive form, also show a notch of moderate depth, tha 

'%:&XT\ 'T** **?»**""*?•"• *rTr*: 
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author deduces that the deepening of the notch should be tantamount to a progressive development. Furthermore 
he assumes that the position of the deepest point behind the middle of the notch,'that is to say, nearer to the con-
dyle, would be a primitive character and he attempts to prove this by figures obtained for insectivores and prosimians. 

In his figures 209 which is reproduced here as textfigure 74 I Werth illustrates a series of notches with 
such pretended progressive tendencies ranging from the Heidelberg jaw as representative of the most primitive 
hominid to recent man. In regard to this feature in Sinanthropus the mandibular notch is in all cases (G I, H 1, F I) 
of the same depth as is the rule for recent man. Thus Worth's series appear to illustrate nothing else but a great 
illusion; one can easily group other specimens of the corresponding stages of evolution with just the opposite effect. 
In textfigure 74 II Sinanthropus H I displays a much deeper notch than the Eskimo, the Krapina jaw I likewise 
has a much deeper notch than Le Moustier. In order to verify this condition, I computed the .notch index, that 
is to say. the depth of the incisura in relation to its length, as listed in Table XII. For recent man figures 
obtained by Shima (1933), H . E. Schuiz (1935), and Keiter (1936) are included in the table. 
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Figure 74. Outlines of the mandibular notch and of the two processus. Desig
nations:— I a-d after Werth's (1928) figure 209; a, Heidelberg; b, Le Moustier; c, 

The figures of Table XII 
show clearly that there is no 
fundamental difference in respect to 
the depth of the mandibular notch 
b e t w e e n a n t h r o p o i d s , 
fossil hominids and recent man. Its 
shallowness in the case of the 
Heidelberg man is exceptional and 
depends upon the anomalous 
breadth of the ramus as stated 
above but it may also occur in 
recent man: the resent Eskimo 
listed at the end of Table XII has 
a still more shallow notch than the 
Heidelberg man. On the other 
hand, the figures of anthropoids 
demonstrate not only the great 
variability but also the fact that the 
shallowness is not at all primitive 

Combe Capelte; d, modern man. II a-d represent notches in almost reversed order 
to fig. 1: a, Sinanthropus H I; b, Krapina I; c, Wadjalc 11; d, modern Eskimo. 

as the male gorilla exhibits a very deep and narrow notch. Werth's statements about the carnivores cannot be 

applied to the primates. 
rr r 

As to the position of the deepest point Table XII reveals that its location varies considerably in 
anthropoids, but it is generally situated closer to the coronoid process than to the condyle, a condition which 
certainly is at variance with Werth's supposition of primitiveness. H . E. Schuiz (1933) found the deepest point 
of the notch of recent man in 66-74% (according to the race) near the coronoid process and maintains that fan 
investigations do not confirm Werth's assumption. Kclter (1936) obtained the same results for recent Australian 

an d M elanesian. 

The Heidelberg jaw served as basis for both of Werth's assertions because he considered it a genuine 

primitive type of the hominid mandible. As shown above repeatedly, Sinanthropus demonstrates the error of forming 

m&. W&SMS& Sft f& m M 



(Ill) 94 ! S 2 | i 4 8 S i S ' P<d*onlologla Sinica ^^M'^ft7M^ S c r- D IH 

TABLE XII 

Notch Indices 

Depth-length 
index 

Index of the position 
of the deepest point* 

Gorillacf 

Gorilla 9 

Orangcf 

Orang? ^^ff^^L 
Chimpanzee d* 

H « ¥ l l S # W Sinanihropus H I 

Sinanthropus G 1 

Sinanihropus F I 

Heidelberg 

Malarnaud -

Le Moustier 

Ehringsdorf child 

Krapina (without designation) 

Krapina K 

La Quina 

La Chapelle-aux-Saints 

76.7 

4 2 . 8 

41 .0 

34 .8 

35 .5 

;X "3F$££5fe* 

50.6 
36.4 
30.8 .? 

,^ . ^*£':^.£??»?£i; 

/--'*.!*;.1*. 
51.7 
72.8 
41.6 
60.0 ££:•-

•^fl^-ftM 

Ian: 

ian 

Average of 9 Homo sapiens fossilis 

Recent M 

Austral 

Melanesian 

Negroes 

Egyptian 

American Indians 

Fushun Chinese d* and 9 

Koreans (f and 9 

. Kinai-Japanese (f and 9 

European (Wurttembergian) 

Eskimo cf 

18.4 

21.7 

28 .4 

35.9 

36 .8 

-J- '47.5 i f f a g § f 
37.1 
36.2 

40.4 

: ^ T : 

s2v£*v 
40.2 

38.9 
41.9 (28.6-57.1) 
17.4 

66.2 

36.9 
49.9 
51.2? 

41.7 
50.2 
47.2 

: p 45.2 
41.4 
56.7 
42.9 

^ 52.3 

52.8 

r-*^*''*** 
N-v* Art£vfc>* 

44.6 

•*£«.: 

* Figures higher than 50 imply that the deepest point is situated before the center, that is to say, near to the coronoid process. 
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juch, a presumptoin and it also show, that the peculiarities of the mandibular notch in question bear no comparative 
significance. ">» " » ? ' : * » 

4. Relation between bicondylar and bigonial breadth. H . Virchow (1920) called attention to the fact 
that the ramus in the Ehnngsdorf child inclined strongly lateralward, the bicondylar breadth being wider than the bigonial 
breadth. According to Boule the mandibles of La Chapelle-aux-Saints and La Ferrassie agree with the Ehrings-
dorf fossil in this respect. The same is true of the Heidelberg and Krapina jaw I. The narrower the bigonial breadth 
is in relation to the bicondylar breadth the greater the inclination of the ramus will be. This relation can best be 
demonstrated by computing an index for the breadth of the mandible. 

TABLE XIII 

Relation between bicondylar and bigonial breadths arranged in the order from high to 1 
ow 

•'X**Z<*&v£'-i *..?>̂ - y^^-'J-^'^' 

La Chapelle-aux-Saints 
Sinanthropus G 1 
Krapina I 
Sinanthropus B I 
Heidelberg 
Choukoutien 101 d* 
Sinanthropus H I 
Obercassel cf 

Bicondylar breadth 

147.3 
146.4 
146.5 
108.2 
129.8 
137.0 
101.8 
133.0 

Bigonial breadth 

99.2 
108:6 
111,01 
88.3 

107.9 
121.4 
97.8 

134.3 

Index 

67.4 
74.1 
75.7 
81.6 
83.1 
88.8 
95.5 

101.2 

Measurements made on recent human jaws at the suggestion of H . Virchow proved that the index varies 
from 83.5 to 124.7. In Anthropoids the index ranges between 85.0 and 95.0, only in male orangs it exceeds the 
100 mark. 

However, it must be understood that this index depends to a large extent also on the more or less lateral 
projection of the condyle and not on the inclination of the ramus alone. Therefore H . Virchow measured the 
bicondylar breadth by placing the calipers on the middle of the condyle and not on the most laterally projecting 
point. In each case the result will be the same in principle. The ramus of the mandible may incline lateral
ly or medially or be erect. As is seen in Sinanthropus (Plate X V , figs. 1-3) a ramus with a not too strong lateral 
inclination is to be considered as a primitive feature which would be in conformity with the appearance of the ramus 
in anthropoids. 

••«:M± 

C. MEASUREMENTS OF THE MANDIBLE AS A WHOLE 

1. Alveolar and basal plane. Schoetensack (1908) compared the Heidelberg jaw with that of a European 
and a negroe by means of a diagram in profile view, superposing the three jaws in the alveolar plane orientation. 
This diagram has been taken over by many other more recent investigators. Schoetensack calls attention to the fact 
that the basal line, that is to say, the tangent of the lower margin runs parallel with the alveolar line in recent 
European, but forms an angle opening posteriorly to this line in the Heidelberg jaw. This angle is 14 in the 
Heidelberg jaw. Schoetensack thinks that the appearance of the latter is a primitive feature and that the parall
elism of both planes should be considered as an indication of an advanced stage. 

Hpf S£i atp^l i i ^ f M fe^&Sj&il 
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This belief is undoubtedly erroneous. In anthropoids there is a difference in this regard between gorilla 
and orang on one side and chimpanzee on the other as stated above (see p. 89 and textfig. 73). In both of 
the first mentioned apes the planes are approximately parallel or form an angle of about 3-5° (textfig. 73 a). In 
chimpanzee this angle is higher and may reach more than 10° (textfig. 73 b). The reason for this difference is, I 
believe, that in chimpanzee the mclars are much smaller in relation to the frontal teeth, especially the canines, 
than in gorilla and orang. In the first therefore the symphyseal part is higher than the molar part while it is 
the same or only slightly higher in the latter. Recent man shows a different appearance in this respect. 
According to H . Virchow (1920) low Jaws also have a low symphysis; high jaws have a high symphysis. How
ever, I have found that in the latter the molar part is relatively lower so that the basal line must form a more 
or less acute angle with the alveolar line. The same features in chimpanzee and recent man nevertheless must 
have a different bearing. For the first one mentioned the reasons just stated are valid, while in the case of the 
latter where the frontal teeth are much more reduced in size than the molars, the symphyseal height seems to be 
the effect of the rising of the basal part in the course of the formation of the chin, a condition which compensates 
the reduction of the alveolar part. _. •*,/.. 

In all available Sinanthropus specimens both linss in question are almost parallel (textfig. 75). In Sinanthro
pus jaw H I they form angle of less than 1°, in jaw G I even the molar height is slightly more than that of the 
symphysis so that the angle becomes obtuse (about -l!.0°). The latter feature is still more pronounced in Sinan
thropus jaw B I where this angle reaches 4° . It is evident that the strong inclination of the basal line in the 
case of the Heidelberg jaw (textfig. 75) is caused by the presence of a deep incisura submentalis or better by 
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Figure 75. Profile views of three Sinanthropus mandibles compared with^at of the Heidelberg jaw. all oriented 
in the alveolar plane and the ••postlacleon" perpendicular. — Sinanthropus G I; Sinanthropus H I;.... Stnan-
thropus B I; . . - Heidelberg. Natural size. 
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the strong projection of the torus marginalis and not by an excessive symphyseal height. Some of the jaws of 
the Neanderthal group agree more or less with the Heidelberg jaw but, in accordance with their less pronounced 
torus marginalis, the inclination is less marked. In any case Sinanthropus represents in the character discussed here 
a more primitive type than the Heidelberg jaw. All statements made in connection with the special appearance 
of the torus marginalis and the incisura submentalis of the latter hold good also for the special course of its 
basal line. 

2. Height of the body and ramus. It is a matter of routine that all measurements of the jaw contain 
the height of the symphysis even though it is of very moderate comparative value. In this respect I fully agree 
with H. Virchow's criticism (1920). Only the relation of this height to other parts of the body or to those of 
the ramus may have some significance. In the preceding paragraph the relation between the symphyseal height and 
that of the molar region was discussed. However, it is not without interest to note also the relation between the 
height of the body in the latter region to that of the ramus. 

From textfigure 73 a it is apparent that in gorilla the height of the ramus — represented by a line per
pendicular to the alveolar plane drawn from the vertex of the coronoid process to the lower margin — exceeds con
siderably that of the body measured in the same way behind Mi. The difference in height is much less in chim
panzee (textfig. 73 b) or in recent man. In the gorilla the average index of the body height in relation to the 
ramus height is 34.6 (31.3-39.2) while it reaches an index of 47.7 (33.7-59.8) in recent man (Chinese). In 
the latter the ramus is relatively higher in low jaws. In orang the average index is 40.0 and in chimpanzee 46.2. 

In Sinanthropus H I the index is 36.2, which is close to the lowest margin of recent man, and falls within 
the range of variation for the gorilla. This condition is not without significance because of the robustness of the 
jaw whereas in recent man only weakly developed jaws have an equally low index. In Sinanthropus G I the index 
is, it is true, 44.0, that is one which represents a high mark in respect to the robustness of this mandible (com
pare p. 86). In the Neanderthal group the average index is 46.9 (44.8-50.0), which is higher than that of 
Sinanthropus. The Heidelberg jaw" with an index of 46.8 resembles recent man in this respect. 

3 . The mandibular index. By mandibular index there is implied the rate of the length of the mandible to 
the bicondylar breadth. The length is represented by a straight line uniting the most prominent part of the chin 
with the middle of the bigonial breadth. Measuring the length in this way is contestable when viewed from a 
comparative standpoint, since in anthropoids and fossil hominids in which a chin is absent the foremost point of this 

. measurement is not definable. Besides, the length of the mandible comprises two parts, namely the length of the 
body and the breadth of the ramus, both of which vary independently from each other. 

To avoid such difficulties in defining the landmark, I have chosen as the representative length the alveolar 
line from the incision to the crossing point with the ramus tangent as determined on the diagram in profile view 
(textfig. 68). In the following table are grouped those jaws on which the respective measurements could be taken. 
Of course, these figures cannot be compared with those obtained by the usual method. 

The figures reveal that the index of hominids depends to a great extent on the mandibular breadth, while 
the length is more irrelevant. A great difference exists between Sinanthropus jaw G 1 and H 1 in the bicondylar 
breadth which amounts to 146.4 mm in the first and to only 101.8 in the latter, while the length is 103 and 
94 mm respectively. Narrow jaws therefore have higher indices than broad ones regardless of the length. On the 
other hand it may occur that the bicondylar breadth is the same whereas the length differs considerably. This is 
the case, for inctance, in a prognathous Chinese, and in the woman of Obercassel listed in Table XIV as having 
a breadth of 122 and 123 mm respectively, but the length of the first mentioned is 93 mm and that of the last 
76.5 mm. 

. 
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The mandibular index -.. V' 

Gorilla *;<£ 
Orang 
Chimpanzee 
Sinanthropus H I 
Le Moustier 
Predmost 9 • 
Heidelberg 
Australian 
La Chapelle-aux-Saints 
Chinese d* (prognathous) 
Wadjak 11 
Sinanthropus B I 
hskimo 
Palaeolithic Chinese 
Krapina I 
Predmostd* 
Sinanthropus G I 

. Choukoutien $ 
Chinese child No. 44 
UbercasselcT 
Choukoutiencf 
Obercassel9 

Length 

139.0 mm 
118.5 mm 
108.0 mm 
94.0 mm 

104.0 mm 
92.0 mm 

109.0 mm 
91.0 mm 

112.0 mm 
93.0 mm 

107.5 mm 
80.0 mm 
91.0 mm 
86.0 mm 

104.0 mm 
98.0 mm 

103.0 mm 
86.5 mm 
73.5 mm 
86.0 mm 
86.5 mm 
76.5 mm 

Breadth 

120.0 mm 
115.5 mm 
109.0 mm 
101.8 mm 
119.5mm 
108.0 mm 
Uv.tt mm 
113.0 mm 
147.5 mm • 
122.0 mm 
144.0 mm 
108.2 mm 
125.0 mm 
121.0 mm 
147.0 mm 
139.0 mm 
146.4 mm 
127.0 mm 
1C8.8 mm 
135.0 mm 
137.0 mm 
123.0 mm 

Index 

115.7 
102.4 
98.8 
92.4 
86.8 
85.2 
84.0 
80.5 
75.8 
7>.5 
74.6 
73.8 
72.7 
71.1 
70.7 
70.5 
70.3 
68.2 
67.5 
63.7 ' 
63.2 . 
62.2 

S-.4V 

£*.# 
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Furthermore, it is evident from these figures that the index does not offer a clear indication as to the course 
of evolution, for'Sinanthropus, Neanderthal and recent man (fossil and modern) are mingled and there is no sharp 
boundary between the sing'e groups. Werth (1928) believes that man descended from a form similar to Propliopi-
thetus which combines a considerable bicondylar breadth with a relatively long jaw and would have nothing in 
common with anthropoids and their exaggerated long snouts. ' I estimate the mandibular index of Propliopithecus 
as" being about 70-75 which means that it falls within the. range of hominids. However, the whole problem will 
be better discussed in connection with the shape of the mandibular arches which is being dealt with in the fol
lowing section. . .>£ * 

4. The mandibular arches. The most characteristic appearance of a mandible is the form of its arch. As 
a matter of fact, not one but three or even four arches are recognizable, each distinctly different from the other. 
The three arches are known under the terms: dental arch, alveolar arch and basal arch. H. Virchow (1916. 
1920) in particular has described these arches in detail and also devised the most suitable methods for the proper 
determination by drawing and measurement. 

The dental arch is the arcade formed by the teeth, that is, by the teeth viewed from the occlusal surface. 
Its special shape depends considerably upon the conditions of the teeth, namely the degree of attrition and the par
ticular position of the individual tooth. For instance, a dental arch with incisors inclined forward — "Klinodontie" 
after Virchow — will show a form different from that with erected incisors, although in both cases the curvature 
of the mandibles proper may be the same. In the following drawings and descriptions the dental arch is in all 

* C K i 
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cases represented by a connecting curve coursing along the edges of the incisors and the tips of the labial cusps 
of the premolars and molars. 

Theal veolar arch is formed by the horseshoe-like area occupied by the respective alveoli with their labial 
and lingual limits serving as boundaries. With the aid of Schwarz's stereograph it is possible to determine these 
limits also in cases where the teeth are still embedded in their respective alveoli. 

The basal arch is represented by the deepest line running along the lower border of the mandible from 
about gonion to gonion. According to Virchow's suggestion, it can be defined by leading a pencil along the 
most prominent ridge of that border. 

*The fourth arch, usually overlooked, is the curvature on the inner contour of the mandible in occlusal 
view. It corresponds to the outline of the torus alveolaris and represents the narrowest embracing curve of the inner 
space of the mandible. In all cases in which the torus alveolaris and the torus transversus superior are well 

' developed this arch is a characteristic feature. Above (p. 43) it was called the "inner mandibular arch.** 

The three first named arches can be illustrated by drawings in a very simple way using Schwarz's stereo
graph. The mandibles are oriented in the alveolar plane and the respective curves drawn with the correspond
ing needles of the apparatus. To superpose the basal arch on the corresponding site of the alveolar arch it is 
sufficient to turn the mandible around an angle of 180° and at the same time the paper after having traced the 
contours. 

For the determination of size and special form of the mandibular arch Schwalbe (1914) and H . Virchow 
(1920) believed it best to take the alveolar arch. One measures the length and the breadth, and the mandibular 
arch index thus obtained gives a good idea of the degree of the narrowness or width of the arch. However, 
I disagree with those authors in regard to the method of taking the measurements of length and breadth. As 
breadth I take the distance between the two most backwards situated points of the posterior end of the arch behind 
M3 and as length the distance in the mid-line between the most anteriorly situated point*of the arch and the middle 
of the just mentioned transveral line. These measurements are carried out on the drawings. The measurements 
obtained with this method of course differ from those given by H . Virchcw and cannot be used for comparison. De 
Terra's (1905) dental arch index also differs from my mandibular arch index, although he took approximately the 
same measurement for the length but his breadth measurement includes the transversal distance of the labial 
surface of the teeth at their furthest projecting points. 

In my publication on the origin of the chin (1934) proof was given that it is of the greatest importance 
to determine not only the mandibular arch as a whole but also the anterior part of it which is occupied by the 
deciduous teeth in childhood. The posterior boundary of the anterior part is directly before Mi. Bolk (1926) 
called this point "posllacteon." In the discussion below I shall use the term "anterior alveolar* arch" for this 
pre-postlacteon arch and the reader is to understand that under the term "alveolar arch" the complete arch is meant. 

No figures were computed for the dental arch since they do not deviate to any extent from those of the 
alveolar arch. However, it is of importance to compute indices for the basal arch. Measurements of this 
arch are carried out in the same way as those pertaining to the alveolar arch, the distance between the most 
posterior points of the basal arch in the same frontal line as that of the alveolar arch being taken as breadth 
of the basal arch. It is not necessary and partly also not possible to take the gonia as landmarks for the basal 
arch since the character!* ic shape of the curve is already represented by its anterior part. mMtt, 

Since in most cases and for all three indices the breadth is more than the length, the index here is com
puted from the length in relation to the breadth and not the reverse as is commonly done. 

•p*̂  
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--** - *.'-;• Breadth and length of the anterior alveolar arch, alveolar arch and basal 

arch arranged according to the size of the breadth-

lencth-index of the alveolar arch 

.* -" ?•>". ~...'^ V ii^/^vj^' ! 
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•'<£** ^ * T V * " ' 

Gorilla No. 328? 
Orang No. 247 ? 
Chimpanzee d* 
Australian 
Sinanthropus G I 
Sinanthropus H I 
Ehringsdorf adult 
Chinese No. 69 (progn.)cf 
Wadjak II 
Sinanthropus A II 
Heidelberg 
Predmostd* 
PredmostQ 
Nrapina (j 
Krapina H 
Choukoutien (104)9 
Spy I 
Eskimod* 
ObercasselcT 
Krapina I 
Chinese Kansu 404/6 
Choukoutien (lODd* 
Obercassel 2 \ *V̂" 

JUVENILE: 

Chimpanzee I (381) 
Chimpanzee 11 (321) 

! Sinanthropus B IV 
Recent Chinese child I 
Gibraltar child 

| Sinanthropus B V 
Recent Chinese child 44 d* 
Sinanthropus B I 

anterior alv. 

length 

39.0 
38.0 
39.0 
21.0 
28 0 
23.5 
23.0 
23.0 
24.5 
22.0 
22.5 
25.0 
26 0 
23.5 
21.5 
22.0 
20.0 
20.0 
21.0 
20.0 
21.0 
17.5 
18.0 

* * / 

29.0 
31.5 
32.5 
26.0 
27.5 
28.0 
25.5 
26.0 

breadth 

42.0 
43.0 
49.0 
47.0 
47.0 
47.0 
45.0 
44.0 
49.0 
43.0 

"43.5 
46.0 
50.0 
50.0 
47.0 
44.0 
50.0 
45.0 
42.0 
45.0 
47.0 
47.5 
41.0 

33.0 
42.5 
46.0 
37.0 
46.0 
48.0 
46.0 
49.0 

Alveolar arch 

arch 

index 

92.8 
88.5 
79.6 
44.7 
58.3 

- 50.0 
51.0 
52.3 
50.0 
51.2 
46.3 
54.3 
52.0 
46.1 
45.7 
50.0 
40.0 
44.5 
50.0 
44.5 
44.7 
36.9 
43.8 

88.0 
74.2 
70.5 
70.2 
59.8 
58.3 
55.4 
53.2 

ah 

length 

86.5 
71.0 
74.0 
58.0 
65.0 
54.0 
59.5 
59.5 
60.0 
54.0 
58.5 
58.5 
55.5 
59.0 
56.0 
52.0 
53.0 
50.5 
54.0 
52.5 
50.0 
48.0 
48.0 

— 
— 
__ 
... 
— 
_ 
— 

v;^i . 

/eolar arch 

breadth 

53.0 
46.5 
51.0 
55.0 
63.0 
54.0 
60.0 
61.0 
62.0 
57.0 
62.0 
63.0 
60.0 
64.0 
62.0 
60.0 
63.0 
60.0 
66.0 
66.0 
63.0 
63.0 
63.0 

_ 
— 
— 
m— 

_ 
. — 
— 
— 

index 

163.2 
152.8 
145.3 
105.5 
103.3 
100.0 
99.2 
97.5 
96.8 
94.8 
94.3 
92.8 
92.5 
92.1 
90.4 
86.7 
84.2 
84.1 
82.0 
79.5 
79.4 
76.3 
76.2 

^ . y 

B 

length 

53.0 
46.5 
44.5 
46.0 
46.5 
42.0 
42.0 
47.0 
44.0 
— 

42.0 
47.0 
480 
42.5 
— 

45.0 
41.0 
46.0 
60.0 
36.0 
47.0 
45.0 
41.0 

15.5 
14.0 
— 
18.0 
17.0 
— 

23.0 
14.0 

t'sal arch 

breadth 

64.5 
58.5 
74.5 
78.0 
63.2 
67.0 
62.0 
89.0 
93.0 
— 

74.0 
75.0 
84.0 
70.0? 
— 

78.5 
72.0 
90.0 

101.0 
72.0 
81.0 
85.0 
82.0 

..:** *» 

32.0 
30.0 
— 

47.0 
49.5 
— 

54.5 
44.0 

index 

82.0 
79.4 
59.8 
58.8 
68.2 
62.7 
67.6 
52.8 
47.4 
— 

56.7 
62.7 
57.2" 
60.8 
— 

57.3 
56.9 
51.1 
59.3 
50.0 
58.2 
52.9 
50.0 

48.4 
46.6 
— i 

38.3 
34.4 
— 

42.3 
31.8 
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Figure 76. The mandibular arches of all the available 
Sinanthropus specimens in correct projection to the alveolar 
plane oriented in the middle. I he "postlacteon** frontal line 
is traced. Alveolar arch represented by cross lines, dental 
arch by heavy lines, basal arch by interrupted lines. Designa
tions:— a, male Sinanthropus G I; b, female Sinanthropus 
H 1; c, female Sinanthropus A 11; d, female Sinanlhropus 
H IV; e, Sinanthropus child B V (permanent canines 
erupting). Natural size. 

a. Alveolar arch: The alveolar arch of anthro

poids is characterized by its length and narrowness, the 

result being a very high index which exceeds the 160 

mark in gorilla. In recent man the arch is shorter and 

wider and therefore more V-shaped, with an index 

approaching the 75 mark. In chimpanzee the index 

though lower than in gorilla is still quite high (145). 

However, recent man is far from presenting a uniform 

aspect in this regard. In cases of prognathism the 

alveolar arch may be long and relatively narrow, with 

the result that the index is high also. In the preceding 

Table X V the recent Australian with an indax of 105.5 

and the recent Chinese with one of 97.5 represent such 

prognathous mandibles, whereas in cases of ortho- or 

opisthognathism the reverse is found to occur. Thus 

the indices obtained for recent man prove clearly that 

the shape of the alveolar arch as much as it is definable 

by the breadth and length only permits a judgement on 

the degree of prognathism and orthognathism. In the 

Neanderthal group the index varies from the Ehringsdcrf 

adult (99.2) to the Krapina jaw 1 (79.5) and it is clearly 

seen that the index-of the Heidelberg jaw 194.3) is' 

exceeded by those for prognathous jaws belonging to 

recent man. The adult Sinanthropus jaw fluctuates 

arcund the 100 mark, that is to say, it reaches the upper

most limit within the range of variability of recent man 

with an average index of 99.4 which is distinctly higher 

than that of the Neanderthal group (89.9). 

T h e characteristic shape of the alveolar arch of all 

the material available of adult Sinanlhropus is illustrated 

in textfigure 76 a-e. The drawings'of Sinanlhropus jaw 

G I and H I were derived from the reconstructed jaw. 

In the case of Sinanthropus A II (textfig. 76 c) the arch 

was completed by copying symmetrically the preserved 

right side and continuing the course of the curvature 

beyond the middle line. In Sinanthropus H IV (d) and the almost adult Sinanthropus B V (e) the reconstructions 

of the arch were based on the preserved frontal part, so that both curves represent the actual conditions. It is 
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evident that the general appearance of the arches of Sinanihropus H I, A 11 and H IV (tcxtfic 76 b-d^ i 
about the same, while that of Sinanthropus G 1 (textfig. 76 a) differs from all three in size and width. Since the 
jaws H I, A II and H IV have to be considered as belonging to females according to their size and robustness 
and also according to the size of their teeth, and that of G 1 as belonging to a male individual (compare p. 17 & ft 
we are apparently dealing with a sex character. Apart from these differences the curve of the arches reveal the 
same particularity in all five specimens. As mentioned above (p» 37) in recent man the frontal part of the alveolar 
curve is more or less flattened so that it runs in almost a straight line from the canine of the one side to that of 
the other, thereby forming a distinct angle in the level of the canines with the latter acting as a kind of corner. 
In anthropoids this appearance is still more pronounced, with the canine angle projecting sharply in consequence of 

the tusk-like character of the canines. The outer contour of the alveolar arch therefore does not represent here 
a real curve but forms a rather rectangular figure. Textfigure 78 demonstrates such an appearance in the case of 
chimpanzee. , 

Sinanihropus G I differs in this respect from recent man as also from anthropoids in that the frontal part of the 
curve forms an evenly rounded off line (textfig. 76). This character is entirely independent from the special shape 
of the symphyseal part, that is to say, from the way of joining cne half and the reconstruction of its mirror image. 
In Sinanthropus jaw G I the whole left side is preserved up to the first incisor, in Sinanthropus jaw A II the 
right side is almost intact up to the second incisors so that in both cases the original character of the frontal curve 
is observable. This will be evident when making a comparison with other alveolar arches by superposing the cor
responding parts. For this purpose I used the Heidelberg jaw which is considered by most authors as representing the 
mest primitive hominid type. In textfigure 77 a (p. 105) the Sinanthropus jaw G I is superposed directly upon the 
Heidelberg jaw, using as landmarks the contours of the masticatory surface of the teeth. The curvature of the 
Sinanthropus jaw clearly appears to be more V-shaped than that of the Heidelberg jaw, the latter showing a 
bending angle in the level of the canine. .In textfigure 77 b and c (p. 105) the same procedure was followed in regard to 
Sinanihropus H I and A II jaws. In both of these drawings the Heidelberg jaw, which is thicker and longer 
than those of Sinanthropus, was reduced to conform to the size of the latter. The effect of superposition remains 
the same: the curve of Sinanthropus represents in itself a less curved line than that found in the Heidelberg jaw, 
regardless of the angle of juncture in which the two halves had been united. 

In textfigures 78-88 (pp. 103-104) Sinanihropus is compared with chimpanzee, Neanderthal, and recent man 
by superposing the corresponding alveolar and basal arches. The point where the median line crosses the ttansveral line 
joining the **post-lacteons** of either side and the lines themselves were taken as the center of orientation. Text-
figure 78 shows that the alveolar arch of chimpanzee is much shorter and narrower than that of Sinanthropus G I. 
The illustration in textfigure 80 reveals that in spite of having approximately the same width the arch of the male 
Sinanthropus jaw G I is considerably longer and more curved than that of the Heidelberg jaw. Compared with 
the female Sinanthropus jaw H I the Heidelberg jaw is wider, shorter and flattened, that is, it approaches closer 
to recent man than the ^Sinanthropus jaw. Among other jaws of the Neanderthal group the Krapina jaw G (text
fig. 82) and Spy I jaw (textfig. 83) are clearly wider, shorter and less curved than Sinanthropus. Only the jaw 
belonging to the adult Ehringsdorf individual shows approximately the same general appearance as Sinanthropus 

G I, but the arch of the first mentioned is small as a whole. However, apart from this difference, the frontal 
part of the arch is flat compared with that of Sinanthropus, even if the design of the uncorrected alveolar arch 
given by H . Virchow (1920) is used as a basis. Among the jaws of recent man the prognathous mandible 
of a North Chinese male (textfig. 88), although smaller, approaches the Sinanthropus jaw G I. The Australian 
jaw (textfig. 87) is narrower and shorter than the Sinanthropus mandible, but nevertheless flatter. 

In textfigures 89-91 (p. 105) arches of the Sinanthropus jaw G I are compared with those of other Sinanthropus 

jaws using the same method of superposing. The illustrations show that the mandibular arch of the jaws H 1 
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Figures 78-82. Alveolar and basal arches of the Sinanthropus mandibles in comparison with other mandibles in correct 
projection to the alveolar plane superposed in the cutting point of the middle line and "postlacteon" frontal line. The alveolar 
arch is represented by heavy lines, the basal arch by interrupted lines. Sinanthropus arches are in .red throughout and comparative 
arches in black. 

Figure 78 — male Sinattlhropus G 1 and adult chimpanzee (J . 
79 — female Sinanthropus H I and Heidelberg. 
80 — male Sinanthropus G I and Heidelberg. 
81 — male Sinattlhropus G 1 and Ehringsdorf adult. 
82 — male Sinanthropus G I and Krapina G. 
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Figures 83-88. 1 he same as in figs. 78*82. 

Figure 83 — Sinanthropus G I and Spy I. 
84 — Sinanthropus G I and Obercaasel d*» 
85 — Sinanthropus G I and Choulcoutien cf (101). 
86 — Sinanthropus H I and Choulcoutien 9 (104), 
87 — Sinanthropus G I and modern Australian native, 
88 — Sinanthropus G I and modem prognathous North Chinese, 
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Figure 77. Outlines of the body and dental row of the Sinanthropus mandible and that of the Heidelberg superposed to 
demonstrate the difference in curvature of the dental row. The line in red: Sinanthropus, in^blacJcJjBidelbetg, Designation: 
a, male Sinanthropus G I and Heidelberg; b, female Sinanthropus H 1 and Heidelberg; c. female Sinanthropus A 11 and 
Heidelberg. In b and c the Heidelberg mandible is reduced to the same size as the Sinanthropus mandibles. 

Figures 89-91. The same as in figs. 78-82. with the exception that comparisons concern Sinanthropus mandibles only. 

Figure89 — Sinanthropus G I (red) and femalo Sinanthropus H 1 (black), 
90 — Sinanthropus G I (red) and femal Sinanthropus H IV (black). 
91 — Female Sinanthropus H 1 (red) and female Sinanthropus A 11 (black). 

Figure 92. The outer contour* of the alveolar arches of the different stages of dentition compared with the adult stage, and 
>riented in the alveolar plane and superposed in the cutting point of the middle line and ••postlacteon" frontal line. D e , , * n a " 
ions; — a, Sinanthropus: B IV B V , B I , H 1 (red); b, chimpanzee: adult (red), child with milk teeth , child 

with permanent incisors ; c, recent man: North Chinese'.child with milk teeth , North Chinese child with permanent 

incisors , Prehistoric Chinese (Kansu) red. 
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and A II are almost identical (tcxtfig. 91), and the same is true for H IV (textfig. 90) the arch of which differ* 
to the same extent from jaw G I as jaw H I (textfig. 89), the latter being even smaller in all dimensions. 

There remains another fact which deserves attention. In anthropoids the post-canine teeth are situated in a 

straight line, at times slightly bent inward in the level of M2. In recent man they usually form a curve with a 

convexity in the level of the same tooth which is directed outward so that the cross-distance of the lateral surface 

of Mj is smaller than that of Ma. Seldom can an inward bending of the curvature be cb:erved as in anthropoids. 

Sinanthropus resembles recent man in this regard, the cross-distance of the lateral surfaces of Mi being smaller 

than that of Ma. 

In order to determine the course of the row of molars and thereby the degree of curvature of the dental 

and alveolar arch, Werlh (1928) measured the angle formed by the longitudinal lines traced through the middle 

of the three molars on each side and prolongated to their anterior crossing point. According to Werth, the lines 

run parallel in anthropoids and catarrhines while they converge in recent man forming an angle varying from 20° to 40°. 

This convergence, according to Werth, is to remain unchanged regardless whether it concerns a primitive heminid 

or recent man, because he considers it to represent a very primitive character which man has in common with 

the prosimians, Parapithecus, Pliopithccus, etc. 

It is not easy to decide on the correct measurement of the angle. St. Opper.heim (1926) recommended 

to fix two knitting needles on the row of molars with wax in such a way as to divide the molars into halves. It 

is much more convenient and more correct to take the measurements on the drawings in occlusal view, the man

dible having been orientated in the alveolar plane. The measurements in the following table (Table XVI) 

were obtained with the latter method. However, the actual line of division of the molars is often very difficult 

to determine because, as stated above, the molars are seldom situated in a straight line, being usually arranged 

in more or less pronounced curve with an outward directed convexity. In anthropoids it may even occur that 

this convexity is directed inward. At times the third molar is small and does not fit into the 

row. In such cases it is wiser to exclude the third molar and to restrict the halving line to the first 

and second molar. WertrTs suggestion had its origin in the supposition that the halving lines were parallel in 

anthropoids. However, this is not at all the case. In orang and chimpanzee the angle in question shows little 

\.-
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Angle of molar rows of hominids arranged according to magnitude. . . ir&L+i 
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Australian 
Sinanthropus H I 
Wadjak II 
Spy I 
SinanthropV3 A II 
Heidelberg 
Sinanthropus G I 
Predmost 9 
Krapina H 
Choukoutiencf 
Choukoutien 9 
Ehringsdorf (adult) 
Chinese (projnalhous) 
Eskimo 
Krapina I 
Chinese (Prehistoric) 
Obercassel 9 
Obercasseld* 
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8° 
13° 
18.5° 
22° 
23° 
23° 
24° 
25° 
28° 
28° 
28° 
29° 
32.5* 
33* 
35° 
35° 
39° 
42° 
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variation alternating from 2° to 5°J but in gorilla the fluctuation is greater amounting to 12°. In gibbons 
the angle exceeds in most cases the 20° matk. In hominids the angle varies from 8° to 42* as seen in the fol
lowing table. Although Werth is correct in his assumption that a distinct gradual increase of the angle corre
sponding to the stage of evolution is-not recognizable, with the type of the Neanderthal group interspersing in 
recent man, yet it is evident that Sinanthropus and the Australian occupy the lowest position within the entire 
order. 1 am therefore in doubt whether the conclu.ion drawn from the degree of the angle actually has the 
significance attributed to it. 

All facts combined the alveolar arch of Sinanthropus reveals a prognathous form but in a much more 
moderate degree than is found in anthropoids. It resembles in this respect the form existing in recent man but 
with this difference that in the latter the male type corresponds to the female type of Sinanthropus. 

b. Basal arch: The basal arch compared with the outer contour of the alveolar arch shows a different 
feature in anthropoids on the one hand and in recent man on the other. In chimpanzee, for instance (textfig. 
78), the basal arch falls considerably behind the outer line of the alveolar arch, whereas in recent man (textfig. 
84, Obercassel) it is located a good distance before this line. This difference is apparently due to prognathism, 
for the characteristic of this appearance is the projection of the alveolar process beyond the basal margin of the jaw. 
For this reason the same feature is observed to occur in recent man in all cases with prognathous jaws as illustrated 
in textfigures 87 (Australian) and 88 (North Chinese). 

In Sinanthropus jaws, in male (G I) as well as in female (H I and H IV) the basal arch falls considerably 
behind the alveolar arch, especially behind its outer contour (textfig. 76, a, b, d), a condition which corresponds 
to the strong inclination of the frontal part of the mandibles (compare p, 78 & ff). 

As is seen in textfigures 78-89 the curvature of the basal arch corresponds rather closely to that of the man
dibular arch. In the instance of the mandibular arch forming a wide curve the basal arch will be wide also, 
and the same is true for the narrow curves. The Heidelberg jaw in comparison with Sinanthropus jaw H I 
(textfig. 79) is of special interest in this regard. The basal arch of the first evidently falls further back than 
that of the latter, but it is much more rounded. This greater widening can also be observed when comparing 
the Heidelberg jaw with SinGnihropus jaw G I. Furthermore, the anterior parts of the basal arch of the jaws 
of Ehringsdorf (adult), of Krapina G and Spy I are wider than that of Sinanthropus jaw G I, (textfigs. 81,83), 
the latter coinciding with chimpanzee (textfig. 78). 

The length-breadth index of the basal arch cannot be compared directly with the same index of the alveolar 

arch. It is true that the differences in breadth are not important but the length differs considerably. The 

sequence in the following table is arranged according to the size of the index". 
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TABLE XVII 

Length-breadth index of the basal arch (compare Table XV) 

• * V ' V . V'*\ *i-,- .• 
,%v*. 

Gorilla 
Urang 
Sinanthropus G I 
Ehringsdorf (adult) 
Sinanthropus H 1 
Predmostcf 
Krapina G 
Chimpanzee 
Spy 1 
Heidelberg 
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It is evident from this table that the index does not have a great comparative value, yet it demonstrates 
that in this respect also Smanthropus approaches the anthropoids more than the Neanderthal group with th 
exception of the Ehringsdorf adult. - ' c 

c The anterior alveolar arch: As discussed in detail in my publication on the origin of the chin (1934) 

there exists a fundamental difference between anthropoids and recent man in regard to the conditions of develo -

ment of the mandible during dentition. When the first permanent molar makes its appearance, it represents a charac 

teristic mark of growth. All the other molars erupting after it cause a lengthening of the mandible in a posterior 

direction. This takes place in anthropoids as well as in recent man. However, the course uke.i on the alveolar 

arch by the replacing dentition before the first permanent molar is entirely different in anthropoids and man. The 

permanent teeth of anthropoids, especially the canines, are much larger and longer than the deciduous teeth which 

they are replacing. Therefore, the available space in the mandible first occupied by the milk teeth becomes 

inadequate for the permanent teeth, and the mandible develops forward to a very large extent. 

In textfigure 92 b the extent of such an Increase in length is marked by the outlines of the alveolar arch 

of a chimpanzee child with complete milk teeth on the cne hand, and of an adult male chimpanzee on the other. 

The transversal line represents the posterior boundary of this anterior alveolar arch uniting Bolk's "posttacteons" 

(see above). Recent man presents quite a different condition (textfig. 92 c). Here the milk teeth occupy a 

space which is not smaller than that taken by the replacing permanent teeth but on the contrary even larger. This 

is especially true in the case of the two premolars which are much shorter than the two milk molars. The space 

occupied by the milk incisors and milk canines is slightly smaller than that occupied by the corresponding permanent 

teeth. However, the difference in length of milk molars compared to that of premolars is so great that the space 

is not only sufficient to cover the small deficiency but there remains a surplus in length which is compensated by 

an actual shortening of the alveolar part, in other words the frontal part of the alveolar process undergoes a slight 
retraction. 

y This is the reason why the anterior alveolar arch of juvenile recent man with the milk teeth is longer 

than that of an adult with the permanent teeth, but on the other hand, the arch of the latter is wider. The 

transformation of the arch during dentition can best be illustrated by a comparison of the juvenile arch with a 

Gothic arch and that of an adult with a Roman arch. In textfigure 93 the arches are superposed upon each other 

in the line uniting the postlacteons of each side. The average shortening amounts to about 4 mm, which means 

that the length of the arch is shortened by about 18 .5%. 

•"'*."•' •-. *£*$*?i Z* V/*^**3L* -.«*?•• '-*«££: 
<- ..*' * .:•>* 

i W 

• - r* 

:->Vv:&> 

^k 

Figure 93. Anterior alveolar arches of a mandible 
of recent man with the set of milk teeth (stippled 
field) and those of an adult recent man superposed in 
the "postlacteon" frontal line. 
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Figure 94. Dingrnms in profile views of the 
mandible of a chimpanzee child with milk teeth (stippled 
field and interrupted lines) and that of an adult chim
panzee (full line) superposed in the alveolar plane and 
"postlacteon** perpendicular. Natural size. 
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In textfig. 94 the profiles of the mandibles of a female chimpanzee child with a complete set of milk 
teeth and of an adult female chimpanzee are superposed in the alveolar plane and at the same time in a line 
perpendicular to this plane and erected at the "postlacteon." From the illustration it is evident that the man
dible grows directly forward during dention. In male individuals and in gorilla, orang or baboons where the dif

ferences in size of the teeth, especially of the canines and 
the first premolars, are still more pronounced, the extent of 
this forward development is more striking. Textfigure 95 c 
demonstrates the same phenomenon in recent man. Here 
I chose a North Chinese child with a complete set of milk 
teeth and a strongly prognathous adult North Chir.ese male. 
Inspite of the prognathism of the latter his alveolar arch is 
considerably shorter than that of the child. 
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Figure 93. The same as in fig. 94 of Sinanthropus 
and recent men respectively. Designations:— a, Sinatt-
thropus child B IV (stippled field and interrupted lines) 
and female adult Sinanthropus H I (full lines), b, 
Sinanthropus child B I (stippled field and interrupted 
lines) a d female adult Sinanthropus H 1 (full lines), c, 
modern North Chinese child with milk teeth (stippled 
field and interrupted lines) and modern North Chinese 
adult (full lines). Natural size. 

I consider the differences described as existing between 
anthropoids and recent man as of great importance because 
we are dealing, I believe, with fundamental differences 
which may throw a great deal of light on the question 
as to how large the canines of the direct forerunner of 
hominids may have been. Among all Catarrhira only ths ' 
Semncpithecinae show abcut the same appearance as recent 
man with regard to the menner of transformation of the 
anterior alveolar arch. As evident from textfigure 96, in 
Presbytes the arch is stationary, that is, its length is about 
the same in the juvenile and adult stage. 

Under these circumstances it is of special interest to 
know hew Sinanthropus is in this respect. In textfigure 95 a 
I combined the profile of the Sinanthropus mandible B IV 
representing a jaw with a ccmplete set of milk teeth with 
that of the adult Sinanthropus jaw H I in the same orienta
tion as described above. It is evident that Sinanthropus 
displays the same feature as recent man, the anterior alveolar 
arch of the juvenile stage being much longer than that of 
the adult. As textfigure 95 b reveals, there is no great dif
ference in the Sinanthropus jaw after the milk inci ors have 
been replaced by the permanent teeth. The jaw used in 
this comparison is that of Sinanthropus B I, in which the 
permanent incisors have completely erupted while the milk 
canine and milk molars are still in their respective sockets. 
Thus it becomes evident that the actual shortening of the 
arch takes place only when these latter teeth have been 
replaced. 

Neanderthal man exhibits the same character as Shan' 
thropus and recent man. In textfigure 97 there is combined 

jaw of the Gibraltar child, which the profile view of the 
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corresponds to the stage of dentition of Sinanthropus B IV, with the profile of the uncorrected jaw outline of the 

Ehringsdorf adult. Although the latter mandible is extraordinarily prognathous, the shortening of the anterior 

alveolar arch is very strongly pronounced. 
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Figure 97. The same as in fig. 94. Neander
thal man: Gibraltar child (stippled field and 
interrupted lines) and Ehringsdorf adult (full lines). 

Figure 96. The same as in fig. 
94. Presbytis entellus child with 
milk teeth and adult specimen. 
Natural size. 

Textfigure 98 demonstrates the appearance of the first stage of dentition in chimpanzee child, Sinanthropus 

child B IV, Gibraltar child and recent Chinese child and illustrates the anterior alveolar arches viewed in the alveolar 

plane. It should be noted that the arch of Sinanthropus is much wider than that of the Gibraltar child and recent 

Chinese, the Gibraltar child again having a wider arch than the latter. Textfigure 99 demonstrates the same but 

refers to the more advanced stage of dentition with the permanent incisors already erupted. Textfigure 92 shows 

the position and form of the anterior alveolar arch which is represented by its outer contour in three stages of denti

tion (first, second and adult) for chimpanzee, Sinanthropus and recent Chinese and viewed in the alveolar plane, 

the red lines indicating the adult stages. In Sinanthropus (textfig. 92 a) the stage of jaw B IV, in which the 

first premolar already occupies its definite position, is also indicated. Of course, it cannot be expected that 

the various lines absolutely correspond to each other, since they do not represent the different stages of dentition 

of the same individual but belong to several individuals with probably some differences in the shape of their alveolar 

arches. Thus, computations derived therefrom can only be considered as standard examples of the general 

character of the transformation in question. The same applies to all the computations in relation with this process. 

In Table X V measurements of the anterior alveolar arches of the juvenile and adult stages are listed. For 

Sinanthropus the following measurements were obtained. 

• > -
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Sinanthropus child B IV 

Sinanthropus adult G I 

Sinanthropus adult H I 

Gibraltar child 

Ehringsdorf adult 

Chinese child 

Chinese adult (prognathous) 

Chimpanzee child 

Chimpanzee adult 

From these figures it becomes evident that the anterior alveolar arch in recent man is widened considerably 

during the process of shortening. Neither in Sinanthropus nor in Neanderthal man does such a widening occur, the 

l*~*< 

length 

32.5 mm 
28.0 mm 
23.5 mm 
27.5 mm 
23.0 mm 

26.0 mm 
23.0 mm 

29.0 mm 
39.0 mm 

breadth 

46.0 mm 
47.0 mm 
47.0 mm 

46.0 mm 
45.0 mm 

37.0 mm 
44.0 mm 

33.0 mm 
49.0 mm 
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Figure 99. The three arches of mandibles with per
manent incisors. Orientation and manner of execution the same 
as in fig. 76. Designations:- a, chimpanzee; b, Sinanthropui 
B 1; c, modern North Chinese child. Natural size. 

breadth remaining the same. I am at a loss to decide as to whether we are dealing with a general peculiarity or 

Figure 98. The three arches of mandi
bles with milk teeth in the same orientation and 
manner of execution as in fig. 76. Designations:—* 
a, chimpanzee child; b, Stnanthropus B IV: c, 
Gibraltar child: d, modern North Chinese child. 
Natural size. 

with an accidental occurrence inherent to the material at our disposal. 

As another reason for the shortening of the anterior alveolar arch I gave the difference in length between the 
two milk molars and the two premolars occupying their positions during dentition. In recent man the former are 

W&J longer than the latter. The same is true for Sinanihropus. In both cases in which the milk molars are 
preserved in their respective sockets (B III and B IV, Plate VIII, figs. 3 a and 8) their length is 22.3 mm, or including 
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the gap between the canine and the first milk molar as in the case of B IV 25.4 mm. In the adult Shum** 
ihropus jaw H I the area occupied by the two premolars is only 14.6 mm and in Sinanthropus jaw A II 13.2 mm 
In recent man the averages in question amount to 14.4 mm for the milk molars and 11.4 mm for the premolars 
It is true that in Sinanthropus G I the length of the premolars is considerably more, amounting to 22.3 mm. Never
theless the differences between the two groups of teeth are much greater in anthropoids as is seen from the follow
ing table: 

Milk molars Prem olars fa- tt.% i\ t> {»; 
nvfo, 

V * 

Gorilla 22.4 mm 32.0 mm 
Orang , 'g 16.1. mm . 25.5 mm . &f * I H , V 
Chimpanzee 10.7 mm 16.0 mm 

•* - . 
I shall deal more in detail with this question in my publication on the teeth of Sinanthropus which is to 

appear in the near future. 

g | : VI. THE PECULIARITIES OF THE SINANTHROPUS MANDIBLE AND ITS 
COMPARISON WITH OTHER HOMINID MANDIBLES 

1. The sexual difference. When observing the two best preserved mandibles of Sinanthropus G I and 
' H I (Plate XI-XV, figs. I and 2), ore gains the impression that great differences exist between the two specimens, 

so that it may be difficult to find the leading peculiarities .characterizing this homirid. The size of jaw G I in 
particular is most striking and when compared with the small jaw H I it appears to be of quite a different type. 
However, a more careful study reveals that this small type represented by Sinanihiopus jaw H I is also met in 
the jaws A II and H IV, thus delineating a distinctive group among the mandibles of Sinanthropus. The badly 
worn teeth of all three jaws A II, H I and H IV prove that they belong to old, adult individuals. The small 
size of the teeth corresponds also to that of the respective mandibles and stands in contrast to the large size of 
the teeth in jaw G I, f\ v: 

I believe, that this large jaw G I represents an adult male individual and the three small jaws A II, H I 
and H IV adult females. As far as we know, sexual differences in mandibles of recent man are only manifest 
in size, but unfortunately no special investigation on this problem has ever been canied out.* R. Martin (1928) 
confines himself to the statement that the measurements of female mandibles are absolutely smaller throughout than 
those of male jaws. Other authors consider it self-evident that lowness and smallness of the mandible are indica
tions of its belonging to the female sex, as for instance Hrdlicka (1930). According to Adams (1917) the man
dibles of the Alsatian women are smaller in all dimensions than those of men. The ratio of the average of six 
measurements is 90:100. Schreiner (1935) gives some average figures of male and female mandibles of Lapps as 

follows: n 
Male Female Index 

Blgonial breadth 103.9 mm 95.3 mm 91.7 

&#j£ j | Bicondylar breadth 121.2 mm 114.8 mm 94.3 
Bimental breadth 45.2 mm 43.4 mm 95.8 

Height of the symphysis 31.7 mm 28.8 mm 90.8 
Height of the ramus 57.8 mm 51.8 mm 89.5 

e*.'Breadth of the ramus 33.9 mm 31.6 mm 93.3 
Angle of the mandible 122.6° 125.2° 102.2 

;»• & *•' 

m. n~v> 

The. references given by Morant m his most recent publication (1936) come to my attention too Inte to he included here. 
In any case, aa emphasized by Morant himself, the biomctric method which he and his collaborators devised does not 
provide sufficient certainty of determination of the sex on the busts of measurements tdone. The tact that Reigni. urea 
of the ramus, mandibular angle and height of the body depend on sex has also been shown in preceding pages. 
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Shima (1933) likewise distinguished between male and female in his investigations carried out on Chinese, Koreans 

and Japanese. The following average figures for the three groups combined were derived from his lists: 
•£*'<• 
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Bigonial breadth 

Bicondylar breadth 

Bimental breadth 

Height of the symphysis 

Height of the ramus 

Breadth of the ramus 

Angle of the mandible 

Length of the mandible 

Male Female 

101.1 mm £4.5 mm 

121.4 mm 115.4 mm 

47.0 mm 45.4 mm 

34.6 mm 31.2 mm 

62.8 mm 55.9 mm 

34.2 mm 32.1 mm 

122.8° 128.1° 

104.4 mm 99.4 mm 

Index 

93.6 
95. 
96.6 
90 
89.0 
93.8 

104.4 
95.0 

» « 

,.'rr'--S 

.6 

.4 
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The corresponding measurements 

Bigonia! bread* 

i V ^ ^ i * - ^ -

The corresponding measurements for Sinanthropus are as follows: 

Male (G I) Female (HI) Index 

108.6 mm 

146.4 mm 

46.1 mm 

40.0 mm 

66.7 mm 

40.7 mm 

97.0° 

103.0 mm 

Bicondylar breadth 

Bimental breadth 

Height of the symphysis 

Height of the ramus 

Breadth of the ramus 

Angle of the mandible 

Length of the mandible 

/ i p j i j ^ ^ ^ ; . 

:**v 

97.8 mm 

101.8 mm 

53.6 mm 

31.4 mm 

59.0 mm 

39.7' mm 

108.0° 

94.0 mm 

90.0 
69.5 

116.4 
78.5 
88.5 
97.6 

111.2 
91.2 

£SS*S£S 
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The indices given above indicate the percentage of size of the special measurements in females compared 

with those of males. 

In connection with the above measurements it should be noted that the bimental breadth — the direct distance 

of the mental foramina — is difficult to determine in Sinanthropus on account of the multiplicity of the foramina. I 

therefore chose the distance cf the approximate center of the area concerned (compare p . 28). It is strange that 

this distance is much greater in the small specimen than in the large one. As to the measurement of the length of 

the mandible the incision is taken as the foremost point. 

The indices derived for the Mongolian population of today listed in the tables above show that only a very 

insignificant difference exists between them. Taking all comparable dimensions together, with the exception of the 

bimental breadth, the female size is approximately 92.4% of the male. In Sinanthropus this relation amounts to only 

85 .9%. As to the mandibular angle it is about 4° steeper in the male than in the female, the total difference being 11° 

in Sinanthropus. Although we deal with average figures in the case of recent man and only with two individuals of -

Sinanthropus, I have the impression that the sexual differences are more pronounced in Sinanthropus than in recent 

man. I arrived at this conclusion because the two other small specimens of 'Sinanthropus at our disposal (A II 

and H IV) correspond in all available measurements to Jaw H I, so that the latter mandible may be considered 

to present almost a standard Sinanthropus female. 

The ratio in question between male and female amounts to 78% in orang, and 80% in gorilla. Unfor

tunately, I was unable to determine a correct ratio for chimpanzee due to the lack of suitable material. As much., 

as I could determine in the latter. I found the ratio to be about 8 7 % . These figures demonstrate that the sexual 
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A&V* differences in Sinanthropus with regard to the size of the mandible arc about of the same extent as those observed ; 
in the chimpanzee and much greater than those in recent man. 

Of course, it is difficult to say whether differences in size which are so obvious are really due to sex just 
because of lack of any other reliable confirmation. However, as I pointed out earlier (1935), the same differences 
can be recognized in regard to the teeth, and, as new findings (Weidenreich, 1937) demonstrate, also to a certain extent 
in regard to the skull. Thus, it is evident that we are dealing with two types of Sinanthropus, a large and a small 
one. Parenthetically I may say that there is no doubt that both types belong to the same hominid, Sinanthropus, as will 
be proven as far as the mandibles are concerned in the pages to follow. 1 fail to see any other factor which could 
be made responsible for the differences in question. The idea that there may have been two races, a large and a 
small one, living in the Choukoulien cave may bs discarded. The list of the Sinanthropus population given in 
my earlier publication (1935) reveals fcr instance that in Locus B mandibles of four children ranging in age from 
5 to 11 years were recovered, two of which belong to the large and two to the small type. From Locus C we 
have two children, one belonging to the large and one to the small type. It seems rather improbable that two 
different races lived in the same cave and under the same cultural conditions, intermingling with each other. 
Furthermore, all jaws show the same degree of damage which I considered an indication of cannibalism (1935) or 
at least of deliberate crushing by man, and all individuals have been victims of such treatment, regardless of type. 
On the other hand, if all large jaws recovered are to be considered as belonging to a large race and all small 
ones to a small race, which of the specimens are then to represent the male and female sex both of which will 
have been present in the cave? Taking all these facts into consideration, there remains no other possibility than 
to attribute the large jaws to males and the small ones to female individuals. " If this is correct, the differences 
in size due to sex are much more pronounced in Sinanthropus than in recent man and approach those occurring 
in anthropoids, especially in chimpanzee. 

2. The main characteristics of the mandible. The mandible of the male Sinanthropus as a whole is much 
larger and bulkier than that of recent man. This does not hold good to the same extent for the female, although 
the ramus exceeds considerably in hight and breadth the average for Mongols of today. The index of robustness 
is.indeed a reliable indicator of the differences occurring in this respect. As shown above (p. 86) this index of 
59.4 for Sinanthropus jaw A 11 and of 58.4 for jaw H I exceeds by far that of recent man whose average index 
amounts to only about 40.5 for both sexes together and to about 41.0 for males only. The same index for male 
Smanihropus is 48.3, but as shown above this difference is a consequence of the different in height, the male 
having a higher body than the female. Compared with Mongolian recent man the male Sinanthropus exceeds the 
average index of the latter by about 10 units (43.3 to 38.9)*. 

c • • As to the height of the body the male Sinanthropus with a symphysis height of 40 mm reaches the upper 
margin of recent man. However, it should be noted in this connection that the respective measurements do not 
conform exactly on account of the fundamental differences existing between the alveolar and basal part of the 
symphysis described earlier in this publication (p. 84 f), where it is shown that the Sinanthropus jaw is equipped 
with a higer alveolar and a lower basal part than recent man. This difference becomes apparent when measur
ing the height of the foramen supraspinosum over the lower margin as base. While in recent man this foramen 
is situated only slightly below the middle of the whole height of the symphysis (index 47.5), in Sinanthropus it 

~ —— - ~" ' # ~ " " 
• It is impossible to compare the measurements of Sinanthropus given above with those of others hefore having ascertained 

their methods. For instance, the height of the ramus of the male Sinanthropus measured with the usual method is 66.7 mm. 
Schulz (1933) choosing another gonion found the maximum of this measurement in recent Formosian to be 73.0 mm. 
However, with the method applied by Schulz the height of the ramus of the male Sinanthropus would be 60.8 mm and of 
the female 72.5 mm. 
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5# is%located slightly below the lower third of the height (index 30.2), witn the anthropoids representing a still lower 
rate in this regard (index 16 to 28). 

The breadth of the mandible deserves special attention. The bicondylar breadth of the male Sinanlhropus 
amounts to 146.4 mm which is in excess of the maximum (140.0) measurements in Eskimos (Fiirst and Hansen) taken 
for comparison because of their exceptional wide jaws. The bigonial breadth of the former is, it is true remark
ably below the latter's maximum (108.6 to 130.0). In both measurements the female jaws fall within the range 
of variation of recent man. > 

As to the angle of inclination of the frontal part the adult Sinanlhropus with approximately an angle of 
60° (59° and 60.5°) has the lowest angle known hitherto among hominids, with the exception of the Heidelberg 
jaw (60.5) which has about the same inclination. In anthropoids the inclination is still stronger excepting Sym-
phalangus which sometimes may reach the same degree. It seems that another angle, namely the mandibular angle, 
may be connected with it in some way, the mandibular angle in Sinanlhropus amounting to 97° (d) and 108° (9 ) 
respectively. This degree contrasts considerably to those of recent man with an average of about 125°. Sinan-
thropus equals gorilla and orang in this character. Another striking phenomenon is the parallelism between the 
alveolar and basal planes which is evident in Sinanlhropus jaws and which is also found in gorilla and orang. 

The shape of the alveolar arch presents a very characteristic picture in all available adult specimens. 
Compared with recent man the Sinanlhropus arcade represents a horseshoe-shaped, long and relatively narrow curve 
with its frontal part equally rounded in the region of the canines and incisors and not flattened or retracted as in 
the case of recent man. Corresponding to the forward inclination of the frontal part of the mandible the arcade 
projects considerably in the same direction. Inspite of the widely set rami of the male Sinanlhropus jaw G I the 
free ends of the arches come close to each other. The length-breadth index of the alveolar arch amounting to 
about 100 and more is high but when considered alone, it does not signify much on account of the prognathous 
mandibles or recent man which also attain the 100 mark or which may even exceed the latter. This index is only 
of significance in connection with all the other features of the alveolar process of the mandible such as the angle 
of inclination, the absence of the incurvatio mandibulae anterior and the mentum osseum respectively, the largeness 
of the area of the roots of the frontal teeth and the special shape of the frontal part of the dental or alveolar 
arcade. 

In regard to the peculiarities of the relief of the surfaces one of the most outstanding facts is the absence 
of a mentum osseum combined with a clear indication of beginning formation of a mental trigonum represented by a 
faint tuber symphyseos. The incurvatio mandibulas anterior is slightly defined in jaw H I . In Sinanthropus jaw 
G I the area of the roots of the frontal teeth occupies a much larger space than is to be observed in any other 
hominid known hitherto, including the Heidelberg jaw. This feature together with the strong inclination of the 
frontal part points to a very primitive stage. Nevertheless that a mental trigonum dawns is in conformity with 
the appearance of the inner surface at the frontal part. It is surprising at first glance that a planum alveolare or 
a torus transversus superior, so strongly developed in the Ehringsdorf and Heidelberg jaws, is almost completely 
absent in all of the Sinanlhropus jaws (G I, H I, H IV. B I, B V). The same is true for the fossa genioglossi in 
so far as the adult specimens are concerned. Instead of this pit, there is a real mental spine consisting of one 
upper pair of tubercles for the attachment of the genioglossi and a lower pair fused to a single one for the 
attachment of the geniohyoidei. It is true that the area of the whole spine is small and is far from attaining the 
extent occupied by it in recent man, but there exists a real and distinct spine which has never been observed 
before in such a characteristic appearance in any of the Neanderthal mandibles, with the exception of the jaw of 
La Chapelle-aux-Saints. On the other hand the rcgicn of the gnathion and lower border reveals a truly primi
tive character. The symphysis projects downward like a crest in the form of a small triangular prominence 
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separating the digastric fossae from each other and dividing at the same time the incisura' submentals. The digastric 

fossae are long and narrow and are located in their entire extent immediately at the lower border of the jaw as in 

chimpanzee and gorilla and do not overlap to the vertical inner surface as in Neanderthal and recent man. Of 

the other parts of the body the strong formation of the torus marginalis is remarkable. In connection with this 

the tuberculum marginale anterius is well developed and thereby also the incisura submentalis. The fact that 

these latter features are defined more distinct in the female jaw H I and to a certain extent also in A 11 than in 

the male jaw G I depends upon the greater and more uniform bulkiness of the latter. 

It is strange that a multiplicity of the mental foramen is characteristic for Sinanthropus. In all speci

mens on hand, adult and juvenile, in which this region is preserved, more than two foramina are present. The 

adult jaw G I has five foramina, A I four and H I three foramina. This appearance is exceptional for homir.ids 

(fcr Neanderthal man as well as recent man) and even also for anthropoids. . Three foramina occur very seldom 

in man and four have never been found hitherto. . 

Another peculiarity of the inner surface of the body is the torus mandibularis in the form of the striation 

and tubercle type. Since this phenomenon has been discussed in great detail earlier in this publication, it is 

sufficient here to refer the reader to that particular section. v . .* 

A s to the peculiar appearance of the ramus, I have already mentioned its steepness and its largeness, especi

ally its remarkable breadth in the female Sinanthropus jaw H I. In all specimens of the adult as well as of the 

juvenile individuals the whole region of the angle projects backward and at the same time everts rather strongly, 

forming in* this way a deep and large fossa masseterica. T h e site of the angle itself is slightly blunted. The 

lateral and medial surfaces of the ramus present some remarkable features. T h e crista ectocondyloidea is still 

more marked in the female jaw H I than in the male jaw G I, it begins below the condyle with a very pro-; 

nounced tuberculum subcondyloideum laterale. In jaw H I there is also a well developed crista endocondyloidea. 

The torus triangularis, the prominence on the medial surface of the rcott of "the coronoid process (see p . 65) gives 

rise to a crista pharyngea. T h e region behind the foramen mandibulare attracts attention through the formation or 

the strong muscle markings for the attachment of the two pterygoidei, the tuberculum pterygoideum inferius 

apparently being destined for a strong portion of the pterygoideus internus and the tuberculum pterygoideum superms 

for the pterygoideus externus. Both tubercula are separated by a clearly developed furrow — sulcus colli 

coursing from the border of the ramus to the mandibular foramen. Both muscle markings characterize the 

male jaw of Sinanthropus, and are already well developed in the juvenile jaws, while the lower tubercle is almost 

completely absent in the female jaw H 1. 

• The coronoid process is broad and thick and its anterior border forms an angular projection so that the 

top of the process falls slightly backward. T h e condyloid process varies and as a whole is directed inward and 

the medial part of its articular surface slopes steeply in the same direction. Below its lateral corner there is a 

distinct tuberculum subcondyloideum externum for the attachment of the ligamentum tempero-mandibulare. In the 

female jaw this relief is less developed. The incisura semilunaris is neither strikingly flat nor particularly deep, its 

deepest point being located approximately in the middle or nearer to the condyle process. 

The juvenile mandibles reveal the same character as the adult jaws with regard to their general bulkiness, 

even when the sexual differences are considered in this connection, which begin to become apparent in the juvenile 

stages, in correspondence with the differences in the size of the teeth. The strong inclination of the frontal part, 

the absence of the mentum osseum, the faint indication of a mental trigonum and the horizontal position of the 

digastric fossae can be clearly observed in SinantJiropus jaw, B I. This jaw is especially remarkable tor a slight 

fossa genioglossi combined with the early formation of the mental spine. In addition a kind of planum alvcolare 
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is to be recognized here but only as a very weak eminence. Compared with the adult the angle of inclination is 
slightly less acute (63° and 65° to about 60°), and the angle of the ramus which is 107° to 112° is less steep than 
in the adult in conformity with the condition existent in juvenile recent man where at a corresponding age the angle 
rises to 121-131°. Other peculiarities pertaining to the juvenile jaws have been dealt with in the immediately 
preceding chapter. As to the anterior alveolar arch, the only one concerned, it is much longer and more widely 
stretched than in recent man and essentially longer than in the adult Sinanthropus. A distinct shortening takes 
place during dentition in which Sinanthropus apparently follows the human line and differs* fundamentally from 
the anthropoids. 

** 3 . A comparison with other hominid jaws. Although, as indicated by the title, this chapter concerns 
homlnid jaws, I cannot refrain from referring briefly to Australopithecus africcnus. Since it is my intention to dis
cuss this fossil in my following publication on the Sinanthropus teeth, I shall confine myself here to a few words. 
I agree completely with Dart (1926) and Broom (1933) that Australopithecus africanus is neither a gorilla nor a 
chimpanzee when compared with the specimens of today and my interpretation concurs with that of the two authors 
in that Australopithecus somehow belongs within the line of human evolution. This is essentially but not exclusive
ly proven by the appearance of the teeth. In my Japanese lecture (1936) I called attention to one of the 
peculiarities observed in the first upper molar. There can be no doubt that the teeth of Australopithecus approach 
those of Sinanthropus more than those of chimpanzee or gorilla. 

With reference to the mandible a reliable comparison is difficult because the major part of the Australopi
thecus jaw is missing, and unfortunately the same is trus for the corresponding parts of Sinanthropus jaw B IV 
which is exactly of the same age as the former. However, certain facts are recognizable. The mandibular arches 
of the Australopithecus mandible are undoubtedly narrower than those of Sincnthropus. A well developed planum 
alveolare (torus transversus superior) exists in the former and below it a fossa genioglossi. This is in contrast to 
Sinanthropus, it is true, but as was shown above, Sinanthropus occupies a special position in this respect. On 
the other hand the preserved ramus of Australopithecus reveals that there are great differences between its ramus 
and those of gorilla and chimpanzee, and at the same time a close resemblance to the juvenile Sinanthropus jaws 
B I and F I is visible. 

Among the mandibles of real hominids or at least these attributed to them, two are of essential importance 
because of their rivalry with Sinanthropus for geological antiquity. These are the mandibles of Piltdown and 
Heidelberg. 

The Piltdown mandible- I do not intend to discuss here the problem bearing on the definition of Eoan-
thropus Dawsoni, for 1 have already explained my interpretation of this form in a preface to the publication by my 
pupil Friederichs (1932). In the meantime I have been given the opportunity to study the original findings and 
this has only strengthened my reservation and scepticism in spite of more recently expressed opinions to the contrary. 
In connection with the mandibles of Sinanthropus, there is only one factor to be debated, namely the morphological ' 
character of the Piltdown jaw. It may be recalled that not less than four well known investigators in this particular 
field, namely Miller (1915), Gregory (1916), Ramstrom (1916) and Lenhossek (1920) completely refused to accept 
the hominid character of this fossil, and attributed it to an anthropoid. As this statement is based on purely 
morphological features of the mandible itself, it cannot be weakened or annulled by any consideration referring 
to the brain case which is presented as pertaining to the mandible, or to special finding circumstances. The matter 
is very simple. If the Piltdown mandible is to be considered as belonging to a human being, then there remains 
no other choice but to surmise that the forerunner of recent man was equipped with a real anthropoid jaw like 
that of chimpanzee. This would imply that in England a heminid lived with the brain case of recent man and an' 
ape-like mandible, while in the Far East (Choukoutien) at about the same time another human being lived .with 
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the most primitive brain case known hitherto, approaching that of chimpanzee and with a mandible distinctly closer 
related to that of recent man than to chimpanzee. 

As to the chimpanzee character of the Piitdown mandible Friederichs (1932) demonstrated that it approaches 
much more the jaw of a female orang than that of a chimpanzee. Among 53 characteristics of the mandible 
and molars 32 proved to be those belonging to a female orang, 7 to a chimpanzee, 4 to orang and chimpanzee 4 

to orang and recent man, 3 to orang, chimpanzee and 
recent man, I to chimpanzee and recent man, 2 to 
orang, Heidelberg jaw and recent man, and not one 
single one to recent man exclusively. This statement 
may render further particularization superfluous. Yet, 
we are dealing here with Sinanthropus and not with 
recent man, and therefore there remains the possibility 
of a closer relation between the two mandibles in ques- ] 
tion. However, this is not at all the case. The 
Piitdown jaw resembles at the most a female orang 
and is no more similar to Sinanthropus than the female 
orang. It is sufficient here to refer to two facts. In 
textfigure 50 I demonstrated that in Sinanthropus there 
is present a large and long digastric fossa located 
directly at the lower surface on either side of the 
symphysis. In the Piitdown jaw, although preserved 
in this particular region, a fossa and a lower surface 
is completely absent, the sharply edged border con
tinuing immediately to the far projecting lower frontal 
surface (textfig. 56). The picture is strikingly similar 
to that in orang where a digastric fossa is also missing 
(textfig. 49). It is particularly instructive to study . 
carefully the projecting frontal part of the Piitdown 
jaw and to compare it with that of orang on the one 
hand, and with that of Sinanthropus on the other. 

In order to obtain a better understanding for such . 
a comparison, I cut through an orang jaw and a cast 
of Sinanthropus jaw H 1 at the same place where the 
Piitdown jaw is broken off. Textfigure 100 makes 
it evident that there is practically no difference 
between orang (textfig. 100 c) and Piitdown (textfig. 
100 b), while Sinanthropus (textfig. 100 a) presents 
a completely different appearance. 

Therefore, a direct parallel cannot be drawn 
between the Piitdown mandible and that of Sinan

thropus, the former representing a distinct anthropoid 
type and the latter a distinct hominid type. Since 
the Piitdown mandible represents a new fossil 

<c*>** 

Figure 100* Diagrams in profile views comparing the 
Piitdown mandible (.b) with that of a female orang (c) ana 
female Sinanthropus H I (a). The cross sections of the 
frontal parts correspond to the line of breakage in the Piitdown 
jaw. X 2/3. 
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aown anthropoid type, Friederichs and the writer (1932) decided to term it "Boreopithecus dawsoni." Thus, the Piltdc 
mandible does not approach Sinanthropus any closer than the orang. It is also impossible to say that the Piltdown 
jaw is more primitive than that of Sinanthropus because the former does not come within the line of evolution from 
which Sinanthropus was derived. As demonstrated in 'my publication on the chin (1935) and in the section con
cerned in this publication (p. 108) the character of the anterior alveolar arch and the relation between the milk 
teeth and permanent dentition indicate that the immediate_fprerunner of mant including Sinanthropus. could not have 

jescended from a type similar to that of the present day anthropoids. _ I consider gorilla, orang and chimpanzee to 
represent highly specialized forms removed from the human line, with Boreopithecus (Piltdown) mandible belong
ing to this group. 

The Heidelberg mandible' Among the hominid jaws the mandible of Heidelberg occupies a special posi
tion, due apparently to the high antiquity attributed to the fossil immediately after its sdiscovery. Schoetensack 
(1908) when comparing this mandible with those of the Neanderthal group then known, especially with the jaws 
of Spy I and Krapina, arrived at the conclusion that the Heidelberg mandible had to be considered as "prenean-
derthaloid.** Because at the same time it revealed even "preanthropoid" characters, and according to Huxley's 
determination it represented **quite a fundamentally generalized type". Since Schoetensack*s statement was gener
ally acknowledged as correct, I was inclined in my earlier publications on Sinanthropus to group the Heidelberg man 
in line with Sinanthropus (and Pithecanthropus) as equal representatives of the same hominid type. However, 
since 1 have had the opportunity of studying the original material of Sinanthropus, especially that of the teeth, and 
since additional material of mandibles has become available, I was forced to revise my earlier understanding. In 
addition, certain geological conditions pertaining to the Heidelberg find have become doubtful. It may be that 
the mandible is younger than formerly estimated and belonging to the second (Mindel-Riss) Interglacial age. On 
the other hand, another hominid skull has been discovered lately in the gravels of Steinheim (on the Murr, Wurttem-
berg) which is considered to belong to at least the third Riss-Wiirm Interglacial age, if not to an older period. 
Berckhemer (1933) in briefly describing the new discovery came to the conclusion that this Steinheim skull, although 
its general appearance is that of the Neanderthal type, approaches recent man more than the latter type. Judging 
from the cast of the skull at my disposal, I agree with that author. There is no doubt that the Steinheim skull 
when viewed from the morphological standpoint represents a much more advanced form than the classic Nean
derthal man of the following geological age. In my publication on the Weimar-Ehringsdorf skull (1928) atten
tion was called to the fact that although this skull fell within the last (third) Interglacial period it reveals the same 
peculiarity. Therefore there is no escape from the conclusion that in Europe, during the Middle Pleistocene, 
hominids lived whose morphological appearance indicate a much more advanced stage of evolution than those found 
in the Upper Pleistocene in the same region of the continent. Furthermore, the adult jaw of Ehringsdorf has 
clearly a more primitive character than the mandibles of Krapina, although both types belong to the same (third) 
Interglacial age. 

Thus, geological antiquity of hominids finds in Central Europe does not seem to guarantee morphological 

primitiveness. The pretended high age of the Heidelberg fossil in itself does not decide anything in regard to 

the phylogenetic procedence of this particular form. 

In the case of Sinanthropus the matter is somewhat less complicated in so far as it seems rather likely 
that Sinanthropus belongs to an earlier or at least to the same geological age as the Heidelberg jaw. In any case, 
the morphological facts have to be considered as decisive factors for phylogenetic classification. For the time 
being, I shall include the preliminary results obtained from a comparative study of the teeth which will be pub
lished in detail in my next paper. These prove that the teeth of the Heidelberg jaw show none of those striking 
pithecoid-like peculiarities which characterize Sinanthropus (compare Weidenreich, 1936 a, b). Furthermore, it is well 
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known that the teeth of the Heidelberg mandible are relatively small and do not'exceed in size large teeth of 
recent man. In Sinanthropus we have two types of teeth, a large and a small one. The Heidelberg teeth 
correspond to the small type of Sinanthropus, but whereas in the latter a remarkable coincidence is existent between 
the size of the teeth and that of the jaw, in the Heidelberg jaw small teeth are combined with a very bulky jaw 
which is certainly no indication of primitiveness. In addition, the mandible itself presents a typically distinc
tive character. As shown above (p. 102) the alveolar and dental arches of all the available Sinanthropus mandibles 
form an equally rounded frontal curve while the anterior arcade of the Heidelberg mandible is flat so that the 
canines are arranged in approximately the same straight line as the incisors (compare textfig. 77). 

Apart from the general robustness of the Heidelberg jaw and beside those pecularities common to mandibles of 
the Neanderthal group, there are only three particularities with a special character: (1) the deep incisura submentalis 

..combined with a strong downward projection of the torus marginalis and the forward inclination of the basal plane in com
parison with the direction of the alveolar plane, (2) the extraordinary breadth of the ramus, (3) the lowness of the coro-
noid process combined with a shallow mandibular notch. All these three features are absent in Sinanthropus or at the 
utmost only faintly developed. As discussed in the respective chapters, there is no proof at all that these peculiarities 
really represent primitive characters which would stamp the Heidelberg mandible as a hominid prototype. In 
regard to the second and third of the enumerated points, both are found to occur to the same degree in recent Eskimo. ' 
This fact proves that we are dealing with a peculiar differentiation which was perhaps transmitted to this race. 
As the remaining mankind of today fails to have these peculiarities as a common character and as Sinanthropus 

undoubtedly presents herein a more general type in so far as its type is in correspondence with that of anthropoids 
and recent man, the distinction of the Heidelberg jaw becomes evident. The same holds good for the first or 
the three peculiarities. I have shown above (p. 33 & ff) that the incisura submentalis is in part a result of a strongly 
developed torus marginalis and that the latter formation is to. be considered as the cause of the inclination or the 
basal line. The entire combination may be found to a certain extent to exist also in the mandibles of the Nean
derthal group, so that it is only the exaggerated form which characterizes the Heidelberg jaw. Although in the 
male Sinanthropus jaw G I which is of the same or perhaps, in some regard of a greater bulkiness than the Heidel\ 
berg fossil the symphysis is not preserved, yet it can be concluded from the well developed and projecting torus 
marginalis that an incisura submentalis also existed. *•, ;-y .; .:.: '?:•>-. 

Hence, when combining in our consideration the characters of 'the teeth and those of the mandible, the 
Heidelberg jaw turns out to be a special hominid type within the order of mandibles of the Neanderthal group.-
That the Heidelberg fossil exhibits special features in some of its details is of no significance," since the Nean-' 
derthal group as a" whole does not "show a uniform appearance in the different parts of'the mandible. 

The mandibles of the Neanderthal group. In the preceding pages I often referred to these jaws. Viewed 
from the morphological standpoint, great differences exist between the individual representatives of this group, a con
dition which may be well observed by studying the jaw of the Ehringsdorf adult on the one hand, and that of 
Spy I on the other. If we keep in mind that the mandibles of recent man also differ rather widely as for 
instance the jaws of strongly prognathous Negroes in contrast to the orthognathous Europeans, then we come to 
the conclusion that we must search for such features which characterize the whole type. In regard to the mandibles 
this is not always an easy task, because the criterion used for attributing a given specimen to a certain group is less 
frequently based on its morphological appearance than en its geological condition or its pertaining to a skull with 
well known characters.' N 

By comparing the mandibles of Sinanthropus with those of the group under discussion,, it may further be 
ooted that the former also represents two different forms which could only be attributed to the male and fcmalo 

* 
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type of the same hominid, because of the common character of the teeth and because of the same conditions under 
which the two types of mandibles were recovered. Hence, it is not surprising that the- female Sinanthropus man
dible H I bears a closer resemblance to La Naulette and Malarnaud, which are also considered to belong to female 
individuals by most of the authors, than the male Sinanthropus mandible G I. By such a comparison it will 
become evident that the Sinanthropus mandible H 1 shows a greater inclination of the frontal part than those two 
mandibles {Sinanthropus H I = 60.5°, La Naulette = 65.0°, Malarnaud = 70.5°), while the incurvatio anterior 
mandibular is much more pronounced in the latter. This" indicates that in these jaws of the Neanderthal group the 
formation of a mentum osseum is in a more advanced stage. As to the alveolar arch, that of the Malarnaud 
mandible is much more open than that of the Sinanthropus jaw H 1/ while that of La Naulette approaches the 
tatter. In the mandible of La Naulette the torus alveolaris superior and the fossa genioglossi are well developed, 
a condition not found in the Sinanthropus jaw H I, whereas the mandible of Malarnaud approaches the latter in this 
respect. In both the Neanderthal mandibles the whole relief of the outer and inner surface is not so distinctly 
defined as in the Sinanthropus jaw H I . • \ * 

As mentioned in the section discussing the mandibles of Krapina D, E and G which pcrbably also belong 
to female individuals, these show many features rather similar to those present in Sinanthropus jaw H I, while the 
apparently male Krapina jaw I differs in essential points from the corresponding Sinanthropus mandible G I with 
the latter displaying more primitive characters. There can be no doubt that from all the mandibles attributed to 
belong to the Neanderthal group, that of the Ehringsdorf adult is closest to Sinanthropus and not only that, it exceeds 

: it in some details such as the development of the planum alveolare and of the fossa genioglossi, provided that these 
features actually are indications of primitiveness as they seem to be at first sight. In the Ehringsdorf jaw we 
meet the same shape and the same curve of the alveolar and dental arch as existent in Sinanthropus as well as 
the same distinct development of the outer and inner relief of the body. However, it is not permissible to place 
the Ehringsdorf mandible directly in line with the Sinanthropus jaw because of the evident differences in characters 
of the teeth. I will return to this problem in my next publication. 

The male Sinanthropus mandible G I may at most be compared with the jaws of La Chapelle-aux-Saints 
and Krapina I, the latter being of about the same size and robustness. However, both differ from Sinanthropus 
in their angle of inclination (Sinanthropus G I = 59.5°, La Chapelle-aux-Saints restored 70.5°, Krapina I 63.5°) 
and in the mandibular angle (Sinanthropus G I 97°. La Chapelle-aux-Saints 110°, Krapina I 117°). Furthermore,* 
they differ in the development of the muscle markings of the ramus. Sinanthropus shows a deep fossa masseterica 
combined with a strong eversion of the angle and a not less strong development on the medial surface of the ramus 
— tuberculum pterygoideum superius and inferius. All these peculiarities are lacking in the two Neanderthal man
dibles, although they are not inferior to the Sinanthropus jaw in robustness and size. On the other hand all three 
mandibles in question possess a tuberculum condyloideum externum of the same strength and distinctness. 

*JL The mandible oj Kcdung Brubus. In 1890 Dubois found a fragment of a mandible in the so-called 
* Kendeng deposits, descriptions and illustrations of which were- given much later (1924). Dubois attributed this 

specimen as belonging to Pithecanthropus and it may therefore be justified to include it here. Since nothing but 
a small triangular piece is preserved representing the lateral surface of the jaw body in the region of the first 
left premolar and canine and the adjoining part of the lower border, it is somewhat difficult to determine the real 
character of the specimen. My examinations are based on a well made cast. For illustrations the reader is 
referred to Dubois (1924, Plate VIII, figs. 12-15) and Hrdlicka's work (1930 a, Plate VIII, fig. I). 

* i * 

No doubt, the body of the mandible is low, its height being -about 27.5 mm. this measurement being 
taken between Pi and C (Sinanthropus H 1 = 28.2); the thickness in the same region is about 16.5 mm, so that the 
index, although not in exact accordance with the regular index of robustness, is 60.0 In Sinanthropus H I the thick-
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ness measured in the same place is 14.6 mm, its index 51.8. Compared with Sinanthropus the mandible in ques
tion is at least of the same robutness even if we suspect that a small part of its alveolar border is broken off. We 
are therefore dealing with a low and thick mandible ranging within the order of those of Sinanthropus and Malarnaud 
and apparently belonging to a female individual according to the discussion in a preceding paragraph. In the same 
level the lateral surface shows just at the lower margin a distinct swelling which is to be considered as the tuber
osum marginale anterius. It has nothing in common with a lateral tubercle of the mental trigonum. However, the 
most surprising aspect is presented by the lower margin. The latter is formed by a uniform broad and approximately 
smooth plane the lateral border of which coincides with the lower border of the mandible itself. The medial 
border of this plane is just recognizable. This plane cannot be anything else but a part of the digastric fossa. 
However, that which is strange is the breadth of the fossa which is without parallel among all known hominid V 
mandibles. Another peculiarity of the fossa is that it is situated completely at the lower margin of the man
dible, being only somewhat inclined toward the lingual border of the margin. This position corresponds exactly 
to that recognized as characteristic of Sinanthropus, and to a certain degree also of some of the Krapina jaws. 
The only difference is the great breadth of the fossa in the Java mandible. Therefore, I believe, that the man
dible may belong to Pithecanthropus or to the nearly discovered Neanderthal type of Java, Javarthropus soloensis. 
Unfortunately, the only tooth present (Pi) is so badly preserved, with the crown missing completely, that it 
cannot be used for a better diagnosis. The fact that the mesio-distal diameter of the root is very small in compari
son with the labial-lingual one is strange and different from Sinanthropus, 

VII. THE POSITION OF THE SINANTHROPUS MANDIBLE IN 
- ~-*e« THE LINE OF EVOLUTION 

A great deal of misunderstanding in judging primitiveness of a given mandible has been caused by the 
tendency already mentioned above to consider all peculiarities apparent in a mandible of high geological antiquity as 
peculiarly characteristic for the entire stage of evolution concerned. It is commonly .overlooked that in most cases 
only a single specimen is available which could never indicate the degree of variability existing throughout that 
particular period. Furthermore, it is overlooked that a great variation also occurs in recent man and that most of 
the variations are not confined to a special race but are identical for mankind as a whole. Sinanthropus moreover 
shows that in the mandibles of early hom'nids the difference of sex is strongly pronounced, much more than in recent 
man, and that this difference is reflected by special morphological features. . . 

The task of finding a genuine primitiveness which could be considered as the starting point of evolution of 
at least a certain hominid stage is made slightly easier in the case of Sinanthropus on account of the great number 
of individuals, male and female, adult and juvenile. This being the case, it is possible to fix with a certain vS 
degree of certainty the common character typical for Sinanthropus* However, the question is whether or not the 

v v'y< 

4»3 
so established characteristics hold good for all forerunners of present mankind. Just to mention an example, I 
believe that Sinanthropus is in closer relation to the Mongolian race of today than to Negroes or to any other race. 
The reason for being of this opinion is explained above (p. 60). In this connection it is surprising that a planum 
alveolare so strongly developed in the Ehringsdorf adult jaw and, also very distinctly though less pronounced in 
the Heidelberg mandible, is almost completely absent in all Sinanthropus mandibles. Does this mean that we 
have two lines of evolution, one with a planum alveolare extending through fossil types like those just mentioned, and 
another one without such a formation, extending through Sinanthropus} This question cannot be answered by refer
ring to anthropoids, for as described above this planum is well developed in gorilla, less in chimpanzee and entirely 
absent in orang. Does this line of evolution leading to Ehringsdorf and Heidelberg man start from a gorilla-like 
anthropoid and that of Sinanthropus from an orang-like type, or does the mandible of Ehringsdorf represent a 
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much earlier stage which Sinanthropus has long surpassed? The first of these possibilities is to be excluded 

because it contrasts to all other known facts. The second possibility presents a somewhat different aspect. 

As pointed out in my lecture delivered at Tokyo (1936 b) one of the most amazing characteristics of Sinan

thropus is the fact that teeth resembling entirely those of recent man are found side-by-side in the same jaw as teeth 

of the most pithecoid type of hominid teeth ever discovered. Sinanthropus jaw B I shows this phenomenon incon-

testably (Plate II, fig. 5). This jaw is remarkable for its relatively wide alveolar arch which rather contrasts those 

of the adult jaws. The roots of the four permanent incisors fully erupted differ from the corresponding teeth of . 

recent man only by their length and thickness but their crowns reveal no other differences. ' Even the lingual 

tubercle so pronounced in lower incisors of some of the mandibles of the Neanderthal group is not strongly developed. 

On the other hand, the first and second premolars the germs of which are embedded in the mandible and exposed 

by an accidental fracture (Black 1929) undoubtedly have a closer resemblance to the corresponding teeth of chim-

panzee than to those of recent man. This is especially true for the second premolar of which even the outline no 

longer bears any similarity to that of recent man. In Plate II, fig. 5 this tooth is reproduced in situ from the 

original but unfortunately the reproduction is so poor that the interesting details are difficult to recognize. In 

my publication mentioned above (1936 b) photographs of the two premolars in question are reproduced, but all other 

illustrations connected with the teeth will appear in a following publication. 

These peculiar conditions of the teeth are analogous to those of the mandibles of Sinanthropus. In the latter 1 

we find a well developed mental spine nearly identical with that of recent man combined on one hand with the 

complete absence of a torus alveolaris superior (planum alveolare) and a fossa genioglossi and on the other hand 

with such long and thick roots of canines and incisors and so large a corresponding root area at the frontal part 

(textfigs. 15-30) as has never been observed in any fossil hominid. 

Considering all these facts there is only one possibility of interpretation. First of all, there is not the least 

doubt that Sinanthropus is to be considered as a direct forerunner of recent man. This is proven by the fact that 

the torus mandibulars, a formation distinctly characteristic for recent man, especially for Mongolians, but without 

any fundamental significance was already fully developed in Sinanthropus presenting the same appearance and 

located at exactly the same place as in recent man. It is furthermore proven by the entire conformity of more 

general features such as those of the permanent lower incisors and the inner surface of the frontal part of the man

dible. The features characterizing recent man have undergone a lengthy process of evolution. Separate stages or 

this general process are represented by certain fossil types like Sinanthropus, Neanderthal man, etc. In the case or 

the mandible the general trend of evolution is obviously the reduction of the masticatory apparatus, not so much the 

reduction of the posterior part involving the molars as that of the frontal part involving the incisors, canines and 

premolars.. Here the reduction is manifest by a decrease of bulkiness of the teeth, effecting the crowns and in 

particular the roots. The reduction is accompanied by a diminution and receding of the frontal part of the alveolar 

process causing the protrusion of the mentum osseum and in consequence resulting in a new arrangement of the frontal 

teeth in a straighter frontal line. The decrease of general robustness of body and ramus is"also revealed by the 

constructive framework of the mandible: the male Sinanthropus jaw G I is in all parts of an evenly bulky appear

ance and the details of the relief therefore are much less marked than in the weaker female Sinanthropus jaw 

H I where the constructive parts of the mandible in the form of tori and cristae represent the characteristics of the 

surfaces. The change in the course of evolution of these differences is very slight, we are therefore dealing essen

tially with a general relative diminution. In the same sense is to be understood for instance that in recent man the 

ramus is less steep than in the bulky Sinanthropus jaws. 

The most surprising fact revealed by the mandible of Sinanthropus and its comparison with those of other 

hominids is that only the general line which human evolution follows may be traced to the remote destination 

* 
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for which it is bound. Single "stops" on the road as manifested by special features of teeth or bones are not 
at all realized by one and the same specimen or in the same phylogenetic age. In other words, regressive and 
progressive characters may be closely associated and are found to a certain extent in every fossil mandible. The 
He:delb:rg jaw combining a primitive mar.dille w't\ a peculiarly developed ramus and rather advanced features 
of teeth represents a particularly gcod example in this respect. A real zigzag course is never taken by evolution. 

The whole literature concerning fosril man contains a great deal on specialization and generalization. 
No sooner is a horminid type discovered then somecne declares that we are dealing in that case with a special'zed 
type branching off from some stage of the general line of human evolution. Most often convincing reasons for 
such an interpretation are not given or if so they are not sufficiently firm to stand a careful examination. In the 
description of the ramus (p. 72 & ff) examples were given in this respect. 

Frankly speaking, no authority whosoever is able to say with a certain degree of certainty whether or not a 
special feature occurring in one of the fossil hominid specimens represents a real specialization of that particular 
kind whereby the whole type is marked as the representative of a discontinued branch-line. In one of my last 
lectures (1936 a) I said: "It cannot be decided what a real specialization has been, before the whole phylogenetic 
development of the species and all its variations have come to light." Just to give an example as to how much 
opinions may differ, I recall that W . Abel (1931) deduced from the pattern of the Australopithecus mclar the high 
specialization of this anthropoid, while Broom (1933) considers this fossil on the basis of the same feature as a 
generalized type and in any case a forunner of man. I believe that it is quite impossible to deduce from one single 
specimen of a given type, that is to say, without knowing the extent of its variation, whether or not it could have given 
origin to a type somewhat different in certain details. And even if we know that a great varation exists as in the 
case of the Neanderthal group, then the difficulty is not less because only one of these variations may have been the 
starting point of the main line. In the case of the He'delberg mandible it was proven above that the same enormous 
breadth of the ramus combined with a very low coronoid process and flat mandibular notch occurs in the present day 
Eskimo. This feature looks mere like a specialization than a generalization for which Schoetensack had taken it K 

in the Heidelberg jaw. At a time at which the terms "phenotype" and "genotype" are so generally used and 
misused, it may be superfluous to emphasize that an individual with a mandibular ramus like the Heidelberg man may 
nevertheless have a direct descendant with a narrow and high ramus: Mutatis mutandis; the same may hold good 
for all the other peculiarities relevant to a fossil honrnid type. I know, I shall be referred to Dollo's law, accord
ing to which there is no return from a special direction once taken in evolution. I do not have the least intention 
of disavowing the validity of this law when considering the whole evolution of a species. However, the difficulty 
is thai we do not know whether in a special detail the margin beyond which there actually is no return has already been 
transgressed. The reader is referred to my earlier publication on the reversibility of evolution (1931). 

In this connection it may be of interest to determine whether the mandibles of Sinanthropus present a par
ticularity which could be considered a "specialization." The torus mandibularis which seems most likely to be one 
certainly is not, because it occurs unchanged in recent man. However, of what significance is the multiplicity of 
the foramen mentale? This feature is characteristic for Sinanthropus but is rare or never found in the same degree 
in recent man. Nevertheless, it cannot represent an irreversible "specialization" as neither the number of the 
foramina nor their position is fixed. The three adult mandibles show 3 different numbers: five, four, three. 
Besides, the special arrangement of the foramina is likewise quite different in each specimen. Moreover, at least 
three foramina occur also in recent man. As these two peculiarities are the only ones which may be suspected of 
being a "specialization", the mandible of Sinanthropus really represents a "generalized" type also in the commonly 
acknowledged sense. 

As to the general character of the mandibles of Sinanthropus Davidson Black (1929) came to the follow
ing conclusion: "In adult Sinanthropus the architecture of the jaw appears to be much less hominid than that of 
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the teeth which it supports and, as in the immature specimen, represents a framework which' till the discovery 
of Eoanthropus has been supposed to be associated only with anthropoid types of dentition. It can no longer be 
doubted, that distinctive hominid teeth characters were evolved in the human family long before the architecture 
of the supporting jaw lost its anthropoid form." When Davidson Black wrote these sentences only one adult 
mandible (Jaw A II) and one juvenile jaw (B I) were known to him. I doubt whether he would have expressed 
his opinion in this way if he would have had the opportunity to examine all specimens of Sinanihropus mandibles 
and all teeth which are now* at hand. For the gist of his words is that the mandible of Sinanthropus has an 
anthropoid appearance while its teeth are human-like. As a matter of fact neither the first nor the second statement 
is entirely true and cannot be claimed to indicate the leading character. As I have proven by the preceding 
discussion, Sinanthropus presents a real mixture of pithecoid and human peculiarities. That which decides its 

significance and position in the line of evolution is the fact that the pithecoid characters partly prevail and that 
they are much more distinct than in any other fossil hominid type known hitherto. Considered as a whole 
Sinanihropus undoubtedly comes closer to the supposed anthropoid forerunner than the Heidelberg or Neanderthal 
man. One single detail does not mean much, especially if, as I have demonstrated, it can be combined with other 
details of a somewhat different phylogenetic character. This of course also holds good to a certain extent in 

regard to the mandibles. Teeth and brain case have to complete the picture, all of which fully harmonize in 

the case of Sinanthropus. • ,\I*:/K V> 
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In numerous .publications concerning the racial differences between the single groups of mankind of today 
special stress is laid upon the question as to which detail is to be considered primitive. The answer to this as far 
as the mandible is concerned is to be found in the preceding description of the Sinanihropus jaws. However, I 
must make one reservation. It may be that a group of mandibles found in another region although contemporaneous 
with Sincnihropus would reveal some different details. On the basis of the present knowledge of fossil man the 
primitive character may be only recognizable for certain features, these apparently being: a strong inclination or 
the frontal part, narrow mandibular and dental arcades with well rounded curves, parallelism between the alveolar 
and basal plane, steep and relatively broad rami, a narrow digastric fossa situated more at the lower margin, a 
prominent trigonum basale, strong muscular markings and distinct reliefs of the surfaces of the body and the ramus. 
Whether the prognathism of certain recent races is primary or more or less of secondary nature is difficult to decide 
for the present. Judging by McCown*s most recent report on Mount Carmel Man (1936) the first eventuality is 
probable. It seems as if the differentiation of main races started very early so that one or the other peculiarity 
may have been fixed or determined in a very early stage. In this connection I refer again to the torus mandibulars. 

The fact that the mandible of Sinanthropus approaches the anthropoid type of the primates does not 
require any further confirmation. The question is only which of the living species or their forerunners does it 
resemble most. In my publication on the origin of the chin (1934) it was shown that the appearance of the anterior 
alveolar arch and the proportions of the milk molars in comparison with the premolars indicate that the human 
ancestor must have been a special kind of anthropoid with strong and well developed canines but nevertheless 
with smaller and less projecting canines than the present day anthropoids have as a whole. The peculiarities of 
the Sinanihropus mandibles tell the same. Some peculiarities, as for instance, the parallelism between the 
alveolar and basal plane and the steepness of the rami are more similar to those obtaining in the gorilla and orang 
than in chimpanzee. The flatness of the lingual surface of the frontal part bears a closer resemblance to that of 
orang than gorilla or chimpanzee. The existence and position of the digastric fossa is the same as in gorilla and 
chimpanzee. The pronounced development of the muscle markings for the attachment of the pterygoidei is found 
to the same extent in gorilla. As to the teeth, the lower premolar reveals the closest resemblance to chim
panzee, while the pattern of the molars are not like any of the three apes. 
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' I was able to demonstrate that a mentum osseum is absent in Sinanthropus but that a mental trigonum has 

just begun to develop. The occurrence of a small but distinct mental spine corresponds to that phenomenon. This •> 

coincidence recalls Walkhoffs (1902) theory, namely that the two formations. are caused by the effect of the 

muscles attached to the spine, an effect which would be produced by the faculty of speech. Walkhoff supported 

his hypothesis mainly by means of skiagrams of the chin region which revealed a triangular space in this region in 

recent man, while in skiagrams of anthropoids this darkening would be completely absent. In my frequently quoted 

publication (1934) in which this problem was discussed in detail I showed that the bony structure which is the 

basis of the triangular shadow observed has nothing in common with any special muscle action. However, for 

the sake of completeness, I wish to point out that the Sinanthropus mandible H I exhibits a small but distinct 

shadow (textfig. 28 s) which may be expected to be in accordance with the external appearance of the region in 

question. Whether or not Sinanthropus has had the faculty cf speech is a matter which cannot be decided on 

the basis of some morphological details of the bony structure. Yet, I see no reason why Sinanthropus should have 

been mute. The faculty of speech is certainly correlated with the transformation of the mandible in the course of 

evolution. This transformation again is closely connected with the long lasting transformation of the brain case and 

with the increase in size of the brain. Therefore, I do not believe that I am taking too great a risk in supposing 

that Sinanthropus already knew to make himself understood by words. The many indications supplied by his 

cultural life support this idea. 
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VIII. LIST OF MEASUREMENTS OF ALL THR W i M T u n ^ n , 
; M L L 1 M L SINANTHROPUS SPECIMENS 

Measurements 
(linear measurements 

in millimeters) 

.4. flo</y 

Height of the symphysis 
Height of the foramen 

supraspinosum 
Height of the body 
Height of the foramen mentale 
Bimental breadth 
Thickness of the body 
Index of robustness 
Index of the position of the 

foramen supraspinosum 
Index of the position of the 

foramen mentale 
Angle of inclination (a) 

•• •* •• (b) 
Angle of the molar rows 

B. Rami 

Height of the ramus 
Breadth of the ramus 
Breadth of the incisura 

semilunaris 
Depth of the incisura semilunaris 
Index of the ramus 
Depth-length index of the 

incisura semilunaris 
Index of the position of the 

deepest point of the incisura 
semilunaris 

C. The mandible as a whole 

Length 
Bicondylar breadth 
Bigonial breadth 
Length of the alveolar arch 
Breadth of the alveolar arch 
Length of the anterior alveolar 

arch 
Breadth of the anterior alveolar 

arch 
Y 1 f l i 1 **• t Length ot the basal arch 
Breadth of the basal arch 
Length-breadth mandibular index 
Breadth index 
Height index of body and ramus 
Index of the alveolar arch 
Index of the anterior alveolar 

arch 
Index of the basal arch 
Mandibular angle 
Angle between alveolar and 

1 basal line 

Page 
refer
ence 

113 

85 
86 
95 

113 
86 
86 

85 

86 
80 
83 

106 

92 
92 

94 
94 
91 

94 

94 

97 
97 
95 

100 
« « 

• * 

• • 
« « 
* * 

98 
95 

» 97 
100 

• • 
<• 

8 8 . 9 0 

96 

'--*'*• 
• — 

G I 

cf 

40.0* 

34.0 

46.1* 
16.4 
48.3 

33.3 
59.0°* 

123.0°* 
• 24.0°* 
- i ^ - V . ^ 5 ^ 

66.7 
40.7 

33.0* 
12.0* 
60.8* 

36.4 
rjL? 

49.9* 

' , ' • 2 

103.0* 
146.4* 
108.6* 
65.0* 
63.0* 

28.0* 

47.0* 
46.5* 
68.2* 
70.3* 
74.1* 
44.0* 

103.3* 

58.3* 
68.2* 
9 7 -

-1.0°* 

adult 

H I 

9 

31.5 

21.5 
26.0 
22.0 
53.6* 
15.4 
58.4 

30.2 

35.0 
60.5° 

114.0° 
13.0° 

" T ' - . ^ V ? ' 

59.0 
39.7 

34.0* 
17.2* 
67.3 

50.6 
/VS-vfr " ̂ * £•"» 

36.9* 

A 11 

9 
*'*Sf' tr&Z* ] ' 

£- -'+ ' - I j2*\ "* 

25.6 

15.2 
59.4 

I- g?t— f̂>»** 

33.3 

23** 

^^C?;-£'. 

;.VX-*J 

T"'".-..~*i!C' 

\~7r-"? *̂ ""*. 

.-£-• *, 

•&1< 

94.0* 
101.8* 
97.8* 
54.0* 
54.0* 

23.5* 

47.0* 
42.0* 
67.0* 
92.4* 
95.5* 
36.2* 

100.0* 

50.0* 
62.7* 
108° 

0.5°* 

/»"• * ,y? ^i.^ 

i iV-eC^Swap^-

•gjiS'fii'i' 

54.0* 
57.0* 

22.0* 

43.0* 

*"."» 
94.8* 

51.2* 
• 
. 

\'-. '•-'•«.- " 

~~~~ — 

juvenile 

B I . B IV B V F I 

^ 9 <f cf 
''r^'y'-'i •• * j . - • tVyiw'. 

17.0 
&* jS5?̂ f-S *#£%&&' 

25.5 
•^5^<V"*CT*'V^V,.'/"-*?i»'^» *•"•?•>*: *fV'\> -

P^B'' 
31.3 

•fw^fsV 
63.5° 63.0° 59.5° 

123.0° 
S S ^ f t g 

- & * £ - ^ ^ ^ ^ ^ ^ v 

. ^ I f f ^ l t ^ r*$ ̂  -
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27.0 
O . J 

69 8* 

30.8 

51.2 

80.0* 
108.6* 

•-^•^feS H v # ^ ^ . W -
26.0* 32.5 28.0 

49.0* 46.0 48.0 
14.0* 
44.0* £ £ 
73.8* 
81.6* 

.*;Vfc / : ' * K ^ $ £ 
53.2* 70.5 58.3 
31.8* 
107° 112° 

4.0°* 

Measurements marked with on asterisk are taken on restored specimens. 
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PLATE I 
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Six telephotos of a fragment from the right side of the adult female Smanthropus mandible from Locus A 
/ A i n M . i . I • 
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>&&% PLATE II 

Telephotos of the fragments of the right side of.the Sinanthropus female child mandible from Locus B 

(B I) partly restored. 

Figure!- labia l view. 
2-l ingual view. * « g*> 
3-occlusal view. • ^?? 
4 -ba sa lv i ew . ^ 4 
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'-.•?/ :----~v •-••/- -:•. PLATE 111 

Figures I to 4 telephotos of the fragment from the right side of the Sinanthoptu child mandible from 
Locus C (C 1). Natural size. . 

Figure I - labial view. 

- v 3 Sfeft l — l l n 8 u a l view-
; ,*q 3-occlusal view. 

j@S 4 -d i s t a l view. 

Figures 5 to 8 telephotos of the fragment from the right side cf the Sinanthropus male child mandible 

from Locus F (F I). Natural size. g g g ^ g fe^T ' g j & i g g g l i g ^ N ^ g ^ 

Figure 5 - labial view. 
6 —lingual view. 
7 — occlusal view. « ^ , 

*tb\. 8 — distal view 

^ '-Ml 



PAL/EONTOLOGIA SINICA SER. D. VOL. Vl l , FASC. 3 
Davidson Black: Sinanthropus mandibulae. fib m 



PAL/EONTOLOGIA SINICA SER. D. VOL. VII, FASC. 3 
Davidson Black: Sinanthropus mandibulae. PL. Ill 

y&r 

€ 

i—* 



: •' I i ; i 
l a S i i l i t EXPLANATION OF l | l § i ! l i ! | l fS | | 

^^mmmsm PLATE I V
 :mm$mmmmimm 

i&/*#> ^«MStt-••^
ri»»>,^vrJif-lV'-'>&<&$(&, •?*;< '•*•ifi.-ir>.4:&-v>**&•-.' &.;>VJ-J*** :->-? B W T S :VY*IJ k»V?4. *C^-. /^&&5 iVt& ^C«-A& ViVk&**.4f»Vî f 



">_ PI A T P fV rOrfT* . PLATE IV ,{«^ 

Four telephotos of a fragment of the left side of the adult male Sinanihropus mandible from Locus G 
(G I). Formerly described as Locus G I jaw. Natural size. 

Figure I — lingual view. 
2 — labial 
3 — occlusa 
4 — basal view. 

;e. 

view. 

view, m m # 
1 view. m 
/lew. 
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Five telephotos of a-fragment of the right side of the adult male Smanthropus mandible from Locus G 
(G I). Formerly described' as. Locus G 2 jaw. Natural size. 

Figure I — labial view. 
2 — lingual 
3 —. occlusal 
4 — distal- view. 

• 

iew. 
view. Wi 
view. ^ m 

iew. im 

mmm^A?M m$m$: m&t-m -mmm 



PAL/EONTOLOGIA SINICA SER. D. VOL. VII, FASC. 3 
Davidson Black: Sinanthropus mandibulae. fe.ty 



PAUEONTOLOGIA SINICA SER. D. VOL. VII, FASC. 3 
Davidson Black: Sinanthropus mandibulae. PL. V 

CO 

JSiSU 

1pP|P 

• 



r , A r i . A i N A i U I I > I i i h EXPLANATION OF 

smmMR PLATE YLwmsi99fii§m 
(Hi) 143 ^ g 

m A 

&mmm^^m wmmmmmmm mm. 



St l i i i i | | | | f S | | PLATE viJlplvS§|#l^S|$^ 
SKIAGRAMS 

Figure \—Sinanthropus mandible B I (comp. Plate II, figs. | & 2). 

2— Sinanthropus mandible C I (comp. Plate III, figs. | & 2). 

3 — Sinanthropus mandible F I (comp. Plate III, figs. 5 & 6). 

4 — Modern North China child of the same age as Sinanthropus F I illustrated in fig. 3 of this plate. 

H I f i f i t i l w^"*« Tgfg||§|f| - ^ | | 
Figure 5—Sinanthropus mandible B I (comp. Plate II, figs. 6 & 7). 

6 — Prehistoric (/Eneolithic) North China child of the same age as Sinanthropus B I given in fig. 5 of this 

plate. 

-7 — Modern North China " child (No. 44) of the same age as Sinanthropus B I in fig. 5 of this plate. 

;Cs*> . 8 —Modern North China adult male. 

9 - O r a „ g , adult female. 
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m PLATE Vll 

Views of the fragment (left side and symphyseal part) of an adult female Smanihrobus mandible recovered 
from Locus H in 1935. Sinanthropus jaw H I. Natural size. $%£ 

Figure 1 - l ab i a l view. 

r r 2 - lingual view, fejg ^ 

3-.occlusal v i e w . X ^ r l - s$fe: 
4 —basal view. 

$ 5 * 5 snerim.n viewed from In front 
5 — specimen viewed trom.in tront. 

(For posterior view of specimen confer Plate Vil l i fig* 2). 

None of the views correspond exactly to the alveolar plane orientation. For correctly orientated views 

the reader is referred to the respective textfigures. .«/.< 
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PLATE VIII 

• Figure I — Symphysis fragment of the Sinanthropus child mandible from Locus B (jaw B I) — see Plate 

II. Natural size. 

J& . - . • '-- --,:.. .4: ~ • 
Fragment viewed directly frcm below to demonstrate the tuber symphyseos and the digastric fossae. 
Figure 2 — Fragment of adult female Sinanthropus mandible H I. Posterior view. Natural size. 

Figures 3 to 7 — Views of the fragment of the right side of Sinanihropus child mandible recovered from 
Licus B in 1928 and prepared in 1935 (jaw B IV). Natural size. 

'•figure 3 — labial view. J~£ X * 

4 - l i n g u a l view. § g 

6 —occlusal view. 
*7 — view from the median plane. 

Figures 8 to 13 — Views of the fragment of the right side of a Sinanthropus child mandible recovered 

from Locus B in 1928 and prepared in 1935 (jaw B III). Natural size. 

Figure 8 —labial view. 

- 9—lingual view, j j q r ; z=ZX=?ZZZZZZZ 

5 t M { # • 10-skiagram ^ 

I I - v i e w from the median plane. 

12-occlusal view. 

1 3 - b a s a l view. 

None of the views correspond exactly to the alveolar plane orientation. For correctly orientated views 

the reader is referred to the respective text figures. me reaaer ,, reterred ,o the respect.ve tex.hgures. 
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PLATE IX -

• 
Figures I to 8 — Views of the fragment of the symphysis and adjoining parts of a Sinanthropus child 

mandible recovered from Locus B in 1928 and prepared in 1935 (jaw B V). Natural size. 

Figure I — labial view of the symphysis. 
2 —lingual view of the symphysis. 

3 —skiagram of the symphys.s. 
. 4 -occ lusa l view of the whole fragment. 
- . 5 - b a s a l view of the whole fragment. 

6 —labial view of the right side. 
7 - l a b i a l view of the left side. 
8 — skiagram of the right side. 

. : 
Figures 9 to 12 — Views of the fragment of the symphysis and adjoining parts of an adult Sinanthropus 

female mandible recovered frcm Locus H in 1935 (jaw H IV). Natural size. 

Figure 9 —labial view of the symphysis. %± 

10 — occlusal view of the whole fragment. 

11 — basal view of the whole fragment. 
J £ \ t 12 — labial view of the right side and lingual view of the left side. 

None of the views correspond exactly to the alveolar plane orientation. For correctly orientated views 
the reader is referred to the textfigures. 
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PLATE X 

Figures I to 6 — torus mandi 

Figure I — torus o 
z — torus o 

-3U 

nandibulans. *•»•;. 

f Sinanthropus male mandible G I. Natural size. 

f Sinanthropus female mandible H I. Approximately natural size. 
3 — torus ("striation type") of Sinanthropus female mandible A II. Natural size. 
4 — torus of a recent male North Chinese (140). Natutal size. 
5 — exaggerated type of torus of a Prehistoric Chinese (Yang Shao — Honan, No. 242/2). 
6 — torus on both sides of a living individual American woman). 

Figure 7 — Comparative profile views of the left sides of mandible of a female gorilla, No. 324 (a); 

male Sinanthropus G I, restored (b); and recent male North Chinese, No. 148 (c). 1/3. 

Figure 8 — The same as in fig. 7 in occlusal view. I / 3 . vv-v 
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Profile views (ri (right side) in alveolar plane orientation of the restored Sinanthropus mandibles. Natural size. 

le Sinanthwpus jaw G I. The partly restored left side is illustrated in Plate X, fig. 7 b. 
lale Sinanthropus jaw H I. 

Figure I—adult ma _ 
2 — adult female Sinanthropus jaw H I. ^ —adult female btnanthropus jaw H I. 
3 —female Sinanthropus child jaw B I. „,•-•' £ ? j 

1 1 ^ 1 Orthogonal projections are given in L tex.figures. ^ ^ f | i i ^ g i S ^ 8 ^ ^ ^ | # | | 
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PLATE XII 

Figures I to 3 . Occlusal views in alveolar plane, orientation of the restored Sinanthropus mandibles. 
Natural size but not in orthogonal projection. :-;, * -j$r 

Figure I —adult male Sinanthropus jaw G I. 
2 — adult female sinanthropus jaw H I. 

5 3 — female Sinanthropus child jaw B I. 

Orthogonal projections are given in the respective textfigures. 

Figure 4 — Skiagram of the symphysis of the fragment (left side) of the adult male Sinanthropus jaw 

•^irT.^ 
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Basal views in alveolar plane orientation of the restored Sinanthropus mandibles. Natural size but not in 
orthogonal projection. 

Figure I — adult male Sh 
2 — adult fema 
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Restored Sinanthropus mandibles viewed from in front in alveolar plane orientation. Natural size but not 
in orthogonal projection. 

Figure 1 - a d u l t male Sinanthropus jaw G I. 
2 - a d u l t female Sinanthropus. jaw H L C f t & ^ V 
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PLATF VV 

Restored Sinanthropus mandibles viewed from behind in alveolar plane orientation. Natural size but not 
in orthogonal projection. • 

Figure I - adu l t male Sinanthroptu jaw G I. 
• .v 2 - a d u l t female Sinanthropus jaw H 1. " 

i - i g p f -^female S^thropus child jaw B I. ^ ^ ^ ^ ^ $ ^ 1 0 0 ^ W ^ 4 

&4 &£& z£&£B* mm h%MM 
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