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THE GERM CELL HISTORY OF RANA CANTABRIGENSIS BAIRD. 

I. GERM CELL ORIGIN AND GONAD FORMATION 1. 

By 

Tso-HsrN CHENG, 
Zoölogy Department, Fukien Christian University, Foochow, China. 

With 12 figures in the text. 

(Eingegangen am 21. April 1932.) 

Introduction. 
It is a familiar fact that the germ cells, which, during early onto

genetic development, appear to be relatively slightly differentiated, 
become in later stages very highly specialized, after a series of charac
teristic changes, which prepare them for taking part in fertilization 
and the subsequent formation of new individuals. The complexities of 
the structures that appear, and of the processes that occur, in the germ 
cells immediately preceding and during syngamy, have become more 
and more obvious with the advance of knowledge. The embryonie 
origin of the germ cells, tagether with their early history of development, 
has been, for a nurober of years, a subject for speculation and scientific 
research. The study of sex differentiation is intimately involved in the 
analysis of the biological nature and basis of sexuality and in the various 
current problems of sex research. The seasonal variations and activities 
of the various constituents of the gonads present problems of considerable 
interest and importance not merely on account of the process of annual 
gametogenesis, but also because of their bearing on the question of 
germ-cell continuity. 

With the above comparatively important phases of the germ-cell 
cycle in view, it has seemed desirable to make a thorough investigation 
of the entire germ cell history, in order to obtain a comprehensive outlook 
and an adequate understanding of all the various phases involved. 
The present paper represents a study of this kind on the northern wood
frog, Rana cantabrigensis BAIRD. 

While considerable literatme has accumulated on isolated periods 
or phases of the germ cell history of frogs, there is no complete account 
of the whole history in any one species. From time to time, different 
investigators, working on different phases of the germ cell cycle in 

1 Contribution from the Zoological Laboratory of the University of Michigan. 
Z. f. Zellforschung u. mikr. Anatomie. Bd. 16. 33 
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closely related forms, or even in the same species, have arrived at generali
zations, which are directly opposed to one another. Such conflicting 
views have made apparent the need for a comprehensive and consecutive 
account of the germ cells throughout the entire period of ontogeny. 

The author acknowledges with pleasure his indebtedness to Professor 
PETER ÜKKELBERG for advice and encouragement as well as for a 
valuable training which has made possible whatever contributions this 
paper may offer. Sincere thanks arealso due to Mr. WESLEY CLANTON 
for much aid in securing material for study, and to other friends and 
associates for various services rendered during the progress of the work. 
Apartofthis investigation was carried on under the tenure of a Graduate 
Fellowship of the University of Michigan. 

Materials and Methods. 
Early in the breeding season, frogs were collected from ponds in the 

vicinity of Ann Arbor, Michigan, and brought to the laboratory. Mating 
pairs were isolated, and each pair kept in a separate aquarium which 
was made to imitate, as far as possible, the natural conditions best 
suited for spawning. As soon as the eggs were laid, the parents were 
killed and their gonads sectioned and examined carefully for any germinal 
abnormalities. Tadpoles were reared in medium-sized bacteria dishes. 
All tadpoles of the same brood were kept separate from other broods. 
They were fed exclusively on liver, lettuce and hard-boiled egg yolk. 
A few pieces of Elodea were put in the cultural dishes, which served 
to aerate the water. The room temperature was kept around 20 degrees 
Centigrade, with occasional variations of about 5 degrees above and below. 

The eggs and the tadpoles hatched from them were timed in their 
development from the moment of spawning. The material was fixed 
at desired intervals. In this way, a complete series of developmental 
stages up to and including metamorphosis was obtained. The tadpoles 
of any given age, especially after hatching, showed considerable variations 
in the rate of body growth, which variations became more obvious in 
the course of development. The size or length of the body or of the 
entire tadpole, was, therefore, not found to be a reliable criterion of 
age. In our experience, there was no single factor which proved to serve 
as a satisfactory index for the degree of development attained. 

For a study of postlarval development of the germ cells, young, 
immature frogs were collected afield and fixed as collected. Adult frogs 
were captm:ed at various times of the year and their· gonads removed 
and fixed immediately. 

As to fixatives, BourN's and ZENKER's fluids were extensively used, 
both of which gave very satisfactory results. CHAMPY's, CARNOY's, 
FLEMMING's strong, and other solutions were employed with fair success. 
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In sectioning larval gonads, the mesonephroi were generally left 
attached to them. A few tadpoles of this species were collected in the 
ponds and their gonads sectioned to furnish comparisons. In no case, 
was there any detectable difference in the general course of germ cell 
development between the laboratory and field specimens. In the case 
of adult specimens, only the gonads were dissected out for imbedding. 
Most of the adult ovaries were sectioned only in part. Young embryos 
were difficult to cut, owing to the abundance and extreme brittleness 
of the yolk material they contained. The difficulty was much reduced 
when the materials were fixed in solutions containing a large percentage 
of formalin, and were sectioned within a short time after fixation. Long 
preservation tended to harden the tissue and alter the normal staining 
capacity. 

All sections were mounted in series and were either transverse or 
sagittal, rarely frontal. They were cut at 6, 8 or more often lO micra 
in thickness. 

The staining was invariably HEIDENHAIN's iron-alum hematoxylin. 
In certain cases where a greater contrast was desired, light-green was 
used for counterstaining. 

Natural History. 
Rana cantabrigensis BAIRD, commonly known as the northern wood

frog, is found in abundance in the vicinity of Ann Arbor, Michigan. 
The frog issmall in size, with an average body length of about 40 mm. 
and is best recognized by a triangular dark or black patch in the ear 
region immediately behind the eye. This species bears a remarkable 
resemblance to Rana sylvatica LE CoNTE, or the eastern wood-frog, and 
is mainly distinguished from the latter by leg measurement. In Rana 
cantabrigensis, the hind limbs are relatively short, their length to the 
heel equalling the combined lengths of head and body. In Rana sylvatica, 
the length of the leg to the heel is considerably greater than the total 
measurement of head and body. Distinctive characters of the two 
species have been studied and compared by HowE (1899) and BouLENGER 
(1920). 

In range of distribution, Rana sylvatica is confined to the northeastern 
United States; it is not found west of the Great Plains, south of South 
Carolina, or north of Quebec, Canada (DICKERSON, 1906). The distri
bution of Rana cantabrigensis is wholly northern, extending from Michigan, 
Wisconsin, Illinois and Minnesota westward to British Columbia, and 
northward to Alaska and James Bay (DICKERSON, 1906; RuTHVEN, 
THOMPSON and GAIGE, 1928). · 

The northern wood-frogs emerge from hibernation early in the spring. 
The time of their first appearance is undoubtedly conditioned by the 
temperature of the air, although not wholly dependent upon it. In 

33* 
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1928, mating pairs were seen on the first day of April. In 1929, egg
masses were first recorded on March 26th. During this season, the males 
have distinct and deeply pigmented nuptial pads and are very active. 
They have a sharp, high-pitched voice and their combined croaking 
is very deafening. Such an intensive chorus naturally tends to bring 
the frogs together in large numbers. Very often, within an area of 
10 square feet or even less, one can find 10 or more mating pairs and 
many unmated individuals. When suddenly approached, they disappear 
almost instantaneously in the debris on the bottom of the pond. 

It is a noticeable fact that in the spring the male frogs always appe:tr 
first. At the beginning of the breeding season, one always finds an 
overwhelming predominancy of males. Out of one collection of 150 early 
in the season only 2 were females. Among frogs collected at other times 
of the year, the sexes were approximately equal in number. For an 
adequate determination of the sex ratio, it would be necessary to 
examine a large nurober of specimens from any given frog population, 
which procedure, however, is beyond the scope of the present investi
gation. 

The eggs of our wood-frogs are laid in masses, which are invariably 
submerged and nearly always attached to sticks, grass-stems or the 
like. Eggs kept in the laboratory at a room temperature of 15 to 
20 degrees Centigrade hatch in 5 days. In the ponde, the time of hatching 
is variable, owing to temperature fluctuation. Development is slowed 
down greatly in cold weather. 

Wood-frog tadpoles are omnivorous. They can be fed with vegetables, 
liver, crumbled bread, hard-boiled egg yolk and other foods. They 
devour with eagerness any dead or dying fellow larvae. A full-grown 
tadpole before absorption of the tail in metamorphosis, has a total 
length rauging from about 40 to slightly over 50 mm. Tadpoles reared 
in the laboratory metamorphose between 60 and 70 days after the time 
of egg-laying. 

As soon as the breeding period is over, the frogs leave the ponds 
for the surrounding woodlands. They begin active feeding, which con
tinues throughout the warm season. They are silent most of the time 
and become more and more solitary in their habits with the oncoming 
of cold weather. During summer and autumn, they are usually found 
in moist places, among grasses and mosses and sometimes in wooded 
localities quite remote from the water. They hibernate under stones, 
among dry leaves, beneath mossy logs, and in kindred places. During 
the months of December, January and February, which are the coldest 
months in this part of the country, only a few frogs have been collected 
afield, despite a most strenuous search for them. 
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Germ Cell Origin and Gonad Formation. Observations. 
The germ cells of Rana cantabrigensis are first recognizable in tadpoles 

at the time of hatching. Prior to this stage, there are no satisfactory 
means yet available for identifying the germ cells, if they do exist as 
such. The descriptive data to be recorded below are chiefly concerned 
with that portion of the body, which is more or less directly involved 
in the early development of germ cells and gonads. The developmental 
history will be presented in stages for convenience of description. The 
processes described as occurring in any given stage or in successive 
stages may overlap in more or less degree, but the general scheme of 
development is precisely the same. 

I. Embryos 4-5 days old and 5-7 mm. total length. 
The notochord is a conspicuous structure composed of greatly vacuol

ated cells. Lying directly beneath it, is the small hyponotochord, the 
compact structure of which contrasts with the vacuolated notochordal 
tissue. The W OLFFian ducts are well marked, with small but definite 
lumina. In the region of the lateral mesoderm, there appears no apparent 
differentiation into somatic and splanchnic layers. The cardinal veins 
and the dorsal aorta are readily recognized as irregular and thin-walled 
vessels, containing a few spherical, yolk-laden cells, which later lose 
their yolk contents, and acquire the shape and character of red hlood 
corpuscles. The paired cardinals lie medially to, and in contact with 
the WüLFFian ducts of the respective sides. The archenteron appears 
as a small cavity, Ionger dorso-ventrally than laterally. The entodermal 
tissue is densely packed with large and mostly oval-shaped yolk bodies, 
staining intensely black with iron-hematoxylin, and this color clings 
to them even after extraction from other parts of the body. Diffused 
throughout these large masses of yolk, there are small granules which 
stain less deeply, and appear brownish in color. Owing to the abundance 
and crowded condition of the vitellary materials, other cellular structures 
become much obscured, and cell boundaries indistinct and difficult to 
determine. In the mesoderm, on the contrary, yolk is much reduced 
in amount, the yolk spherules are loosely arranged, and measure, in 
most cases, less than 5 micra in diameter, while those in the entoderm 
are, on the average, 2-3 micra larger. 

Underneath the dorsal aorta, the roof of the archenteron is elevated 
above the level of the vitelline entoderm as a distinct ridge (fig. I), 
which extends nearly the entire length of the yolk-mass. As regards 
their morphology, the cells of this entodermal ridge closely resemble 
one another and are, in all appearance, identical with the primitive 
entodermal cells. They are readily distinguished from the adjoining 
mesoderm not only by the position they occupy but also by the amount 
of yolk they contain and the character of the yolk granules. 
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The entodermal ridge subsequently plays an important röle in the 
development of germ cells. It is from a certain definite portion of this 
ridge that the germ cells later appear to be derived. This implies, and 
is indicative of, the possibility that the prospective germ cells, previously 

Fig. 1. Transection of an embryo 5 days old 
and 4 mm. total lengt h, showing the ento
dermal rldge lmmediately underneath the 
dorsal aorta. ao dorsal aorta, er entodermal 

ridge, n notochord, w Wolfflan duct. 

Fig. 2. Transection of a larva 6 days old and 
7 mm. totallength. The germ cells are in t be 
process of separatlng from the yolk entoderm, 
forming the germ cord. ao dorsal aorta, er 
entodermal ridge, n notochord, w Wolfflan 

duct. 

to their appearance as distinct structures, might be present among the 
cells of the entodermal ridge, either potentially or actually as such, 
though morphologically unrecognizable. 

2. Larvae 6 days old and 7-8 mm. long. 
In the middle trunk region, the entodermal ridge becomes the seat 

of certain remarkable developments. The lateral plates of the meso
derm, one from each side of the body, have grown dorsomedially, exten
ding above the yolk-mass, and approximating each other to form the 
anlage of the dorsal mesentery. With the formation of the coelomic 
cavity and its extension toward the median axis of the body, the 
mesenterial anlage becomes a well-defined structure. The germ cells, 
hitherto located in the entodermal ridge, are being separated from the 
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latter to become included in the mesenterial anlage, forming a structure, 
which may be designated as the median germ cord (fig. 2). The cord 
is first formed anteriorly, and the process progresses backwardas in the 
usual order of embryonie differentiation. The formation of this structure 
and the processes concerned in its formation are among the most 
significant features in the early history of germ cells. 

It may be emphasiZed that our evidence is demonstrative of the 
fact that the germ cells are actually entodermal in their early location. 
The lateral plates, before their union medially to form the future dorsal 
mesentery, never have contained any germ cells nor cells comparable 
to them as regards the character and amount of the yolk content. 
Moreover, by tracing a number of serial sections, the germ cells are 
frequently observed in the actual process of separating from the vitelline 
entoderm to become embedded in the apposing splanchnic layers of 
lateral mesoderm. 

Once in the mesoderm, the germ cells stand out with great promi
nence, owing to the sharp contrast they bear to their surrounding 
elements. They are very similar to the underlying yolk cells, from 
which they can be distinguished mainly or perhaps only, by location. 

The germ cells occur more or less en masse, without any regular 
arrangement or organization. They are not uniformly distributed in 
the germ cord, being generally more abundant in its middle portion 
than elsewhere. They show no segmentation of any kind, although 
occasionally there are one or more sections, which do not show germ 
cells in the usual position. This, however, can not be regarded as of 
a metameric nature, as it is a purely local condition and incidental to 
germ-cell distribution. 

The cytological features of the germ cells are very indistinct on 
account of their yolk contents. Their only reliable characteristic during 
this period is their general position in relation to other structures and 
the abundance of their yolk · platelets, the grouping of which may be 
taken, in some instances, as indicative of the size of the cells. 

The caudal end of the germ cord is about 300 micra anterior to the 
level of the cloacal openings of the W OLFFian ducts. The length of this 
cord varies in different individuals, depending apparently, in part, on 
the degree of development which the respective individual has attained 
at the time of killing. Several measurements indicate an average length 
of 450 micra, with variations of 100 micra more or less. Few scattered 
germ cells have been encountered cephalad or caudad of the germ cord, 
included among the mesodermal cells of the splanchnopleure or of the 
developing mesentery. 

Simultaneously with or immediately preceding the formation of the 
germ cord, the cardinal veins, originally confined to the region medial 
to the WoLFFian ducts, have extended laterally above and beyond the 
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latter. Thus, each cardinal becomes recognizable as two portions, fairly 
distinct, though still continuous with each other. The portion laterad 
to the W OLFFian duct is the incipient renal portal vein, while the more 
medial portions form the venae revehentes, which later are united 

Fig . 3. Transection of a larva 7 da.ys old and 8 mm. total 
length. Note t he distinct germ cord at the base of the 

dorsal mesentery. ao dorsal aorta., gc germ cord, 
n notochord, sc subcardinal vein. 

forming the inter-renal 
portion of the postcava. 

3. Larvae 7 daysold 
and 8-9 mm. long. 

The rapid enlarge
ment of the coelom 
brings about a propor
tionate elongation of 
the dorsal mesentery. 
As the latter elongates, 
it carries the germ cord 
farther and farther away 
from the place of its 
first appearance. This 
process is invariably 
more advanced anteri
orly than posteriorly, 
and the extent of its 
progress may be corre
lated with the degree of 
development which the 
mesentery has attained. 

Throughout the pro
cess of shifting, the germ 
cellsshow no indication 
in their morphological 
constitution that they 
are capable of indepen

dent movement. They are confined to the loose mesenchyme of the deve
loping mesentery, and are accompanied by, or rather associated with, 
small mesodermal cells, which contain relatively deeply-stained nuclei 
but no yolk. In rare instances, few germ cells, singly or in small groups, 
are delayed in migration by faulty correlations in the mechanics of 
growth and development , and are left behind in the splanchnic meso
derm or in the ventral part of the mesentery. 

The germ cord eventually comes to lie in an enlarged portion at the 
base of the gut mesentery, closely adjacent to the aorta dorsally and to 
the revehent veins laterally (fig. 3). It tends to assume a bilobed 
appearance, which condition is indicative of the future formation of the 
paired germ ridges. The germ cells, though far removed from the ento-
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dermal cells, still bear a close resemblance to the latter in their cyto
morphic features. They appear a,s large rounded masses of yolk platelets 
and pigment granules, 
among which, one can oc
casionally see portions of 
the nuclei, which stain 
lightly, each containing a 
distinct spherical nucleo
lus. The number of cells 
is difficult to ascertain 
but judging from the differ
ing amounts of the yolk 
platelets, one is convinced 
that there is a great deal 
of individual variation 
with respect to the germ
cell number. 

4. Larvae 8-9 days 
old and 9-ll mm. long. 

With the approach of 

Fig. 4. Transaction of a Jarva 9 mm. totallength. The 
germ ridges are formed, one on each side of tbe gut 
mesentery. Tbe subcar<linals (revebent veins) lie above 
the germ ridges, and are approaching each other to 
form the posterior portion of the postcava. ao dorsal 
aorta, gr germ ridge, m dorsa l mesentery, sc subcardinal 

vein, w Wolffian duct. 

the venae revehentes medially to form the future postcaval vein, the 
germ cord appears to have undergone a process of segregation. Groups of 

Fig. 5. Transaction of a larva 10 mm. total lengtb. It sbows the anterior extremity of the 
right germ ridge, wbich, in this spe('imcn, extends further anteriorly than the left one. 

gr germ ridge, lv liver, m dorsal mesentery, pc post cava. 

germ cells thus segregated, together with their associated mesenchymal 
elements, move laterally and become aggregated in bulky masses, which 
project into the coelomic cavity on each side of the mesentery. The 
processes are gradual and generally proceed from in front backwards. 
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In many specimens, the germ ridges fully developed in the cephalic 
portion of the germinal territory are found to converge posteriorly 
into a median germ-cell mass, which is the remaining portion of the 
germ cord (fig. 4). 

With the progress of development, the projecting structures become 
eventually established at their full length, and are arranged bilaterally 
as low longitudinal ridges directly below the venae revehentes, which 
lie very close to each other beneath the dorsal aorta. These paired 
ridges may be designated as germ or genital ridges which are the primordia 
of the germ glands. The formation of these structures under normal 
conditions is coincident with, and appears to be initiated by, the migra
tion of germ cells to this region. 

The germ ridges are covered on their free surfaces by peritoneal 
envelopes, which are continuous with the general coelomic epithelium, 
and which are derived from the parietal mesoblast, though appearing, 
in some instances, to include some of the mesothelium of the mesentery. 
The ridges are devoid of any regular metamerism, but show local enlarge
ments or thickenings due to the concentration of contained cells. These 
thickenings, however, do not bear any correspondance to the body 
somites, nor do they show any constant resemblance to one another 
in size and shape. 

As regards their relative lengths, the germ ridges may be similar 
or may differ in varying degrees. In the latter case, either one of them 
may be Ionger than the other. Fig. 5 shows a further extension of the 
right germ ridge beyond the anterior Iimit of the left one. In general, 

however, the left ridge is Ionger and extends 
Lengths of Genital Ridges more anteriorly than the right one. A few 

1. Left 

0.43 mm 
0.52 mm 
0.41 mm 
0.46mm 

2. Right 

0.47 mm 
0.36 mm 
0.39 mm 
0.50mm 

measurements taken from the representative 
specimens of this age group are listed below 
for comparison. 

There is no indication of any factor or 
mechanism which may be responsible for the 
length differences of the germinal structures 
at this stage of development. 

During this period, the vitelline entoderm has lost most of its yolk 
and becomes more or less differentiated into the alimentary tract. The 
germ cells, on the contrary, arestill packed with yolk substance, though 
many of them have distinctly shown a rapid diminution of it. In rare 
instances, one can see the germ-cell nuclei, which aresmalland rounded, 
measuring about 9 micra in diameter. They stain very faintly with iron 
hematoxylin and each contains a distinct basophilic nucleolus. The germ 
cells as yet show no visible evidence of an approaching mitosis. This 
condition may be related to their retention of much yolk, a feature 
rendered more evident and characteristic by contrast with the somatic 
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tissues which have used nearly all their yolk materials in division and 
differentiation. 

Examinatimt of the sections of the developing germ ridges without 
any knowledge of the previous history of the germ cells might lead 
one to assume that the germ cells are derived in situ from a somatic 
origin. Such an assumption is untenable, as our evidence clearly demon
strates an early extraregional origin of the germ cells. The germ cells 
can be traced back without question to their first appearance in the 
median germ cord. Moreover, they can always be distinctly identüied 
and clearly distinguished from the mesodermal cells among which they 
lie and through which they migrate. There is no indication in any of 
the stages so far studied of a possible transformation of peritoneal cells, 
or the so-called "Paragonien" (KusCHAKEWITSCH}, or any other elements 
of the mesodermal tissue, into the germ cells . 

• ~. Larvae 10-11 days old and 10-13 mm. long. 

The revehent veins have been anastomosing in the genital region, 
forming the inter-renal portion of the postcava, which lies at the basal 
attachment of the dorsal mesentery, a position formerly occupied by 
the germ cord. The germ ridges, previously situated below the venae 
revehentes, have now become attached to the ventro-lateral side of 
the postcava. The ridges during further growth protrude farther into 
the body cavity, carrying with them a thin layer of peritoneum as an 
enveloping fold. Their basal attachment becomes constricted to form 
the mesogonium. The ridges are, thus, converted into primordial germ 
glands, which are commonly called indifferent gonads before the time 
of morphological sex düferentiation. 

At this stage, the process of yolk absorption is in its full course. The 
yolk granules which still persist vary considerably in size, the largest 
ones measuring 7-9 micra. In position, they may be aggregated along 
the peripheral portion of the cell, surrounding the centrally situated 
nucleus; or they may be confined to one side of the cell body, with the 
nucleus on the opposite side. Among the yolk spherules are interposed 
minnte pigment particles, which become more and more distinct as 
the yolk granules gradually disappear. 

The germ cells range from 16 to 24 micra or more in size, and are 
typically spherical or ovoid in shape, with fairly definite and regular 
outlines. The nuclear membrane is frequently indistinct because of the 
vitelline grannies present. The nuclei appear more or less rounded, 
averaging 9-10 micra in diameter, and generally contain one, rarely 
two or more, basophilic nucleoli of about 2.5 micra in size. The germ
cell protoplasm, in sharp contrast to the contained yolk and pigment 
materials, stains but feebly and appears pale and homogeneous. Consid
ering all the above features, the germ cells can in no way be confused 
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with the small, compact and relatively darkly stained mesoblastic ele
ments. No cells of doubtful origin nor cells of a possible transitional 
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Fig. 6. Diagra=atic representation of ger· 
minal structures (germ cord and ridges in earlier 
stages; germ glands in later stages) fl und in a 
series of tadpoles rauging from 8 to 16 days in 
age. The basalline indicates the level of tbe 
cloacal openings of the Wolffian ducts. The 
ordinates are distances in micra, measured ante
riorly from tcat level. In each column, a pair of 
genital ridges or of germ glands are represented,, 
left and right corresponding to the left and 

right sides of the reader. (For further 
explanation see text.) 

nature have been observed. 
The distribution of germ cells 

in the germ glands, the relative 
lengths of and the actual posi
tions occupied by the gonads are 
indicated in fig. 6. The gonads 
have steadily increased in length, 
extending anteriorly to the level 
of the dorsal attachment of the 
ligamentum suspensorium hepa
tis and even further beyond. A 
peculiar arrangement of struc
tures in this region prevents the 
forward growth of the right 
gonad, a phenomenon which 
becomes more apparent with the 
progress of development, and is 
further described and discussed 
in a subsequent section of this 
paper. 

The growth of the gonads 
at this stage is evidently due to 
a rapid increase in the amount 
of their somatic tissues. While 
stroma cells and cells of the gonad 
peritoneum show many nuclear 
similarities, there is no direct 
indication that they are geneti
cally related. In our materials, 
the evidence is convincing that 
the stroma cells are derived 
extragonadally from the nephro

genic tissue. In serial sections, one can readily follow the migration 
of cells from the mesonephric blastema toward and actually into the 
gonads. This migration, though occurring on both sides, is not a 
symmetrical process. It appears segmental in nature, but is often 
very irregular in this respect. 

6. Larvae 10-20 days old and 12-22 mm. long. 
The primordial gonad during the earlier part of this period is a small 

and compact structure. In a typical transverse section, it appears as 
a solid cord, containing a few germ cells usually near its distal periphery, 
and numerous stroma cells elsewhere. The whole organ is enclosed by 
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a delicate peritoneal investment, which is often too thin to be readily 
recognizable. 

The stroma of the gonad increases steadily by mitoses of the pre
existing mesenchymal elements, and by continued migration of similar 
cells from the nephrogenaus tissue. The stroma cells are di10persed 
throughout the organ with no definite organization. They constitute 
the anlagen of the rete cords, or at any rate, form a greater pa.rt of the 
materials necessary for the development of such. In structure, these 
mesenchymal stroma elements are smaller and more compact than the 
germ cells. They are devoid of definite cellular membranes, appearing, 
thus, to form a dense syncytium. Their nuclei are distinct, measuring 
5 or 6 micra in diameter and containing, besides numerous scattered 
dark strands of chromatin, one or more nucleoli. These nuclei resemble 
closely those of the mesonephric cells. The former, however, are smaller 
than the latter, and, instead of being rounded, are often somewhat 
flattened owing to mutual pressure in a crowded situation. 

The germ cells or gonocytes, as they are often called, show varying 
degrees of yolk absorption. With the disappearance of yolk, the nucleus, 
hitherto much obscured, becomes more conspicuous, and gradually 
increases in size, an indication of nuclear growth, which leads to cell 
division. There are generally one or two nucleoli, rarely more than two. 
Attenuated and irregular plumous filaments of karyoplasm with fine 
and faintly stained chromatin granules scattered on them, are seen 
radiating from the nucleoli, and apparently surrounding them in the 
form of an intricate network. The nucleus may be centrally or eccen
trically placed, and may be spherical, oval or polymorphic in form. 
In extreme cases of nuclear polymorphism, different lobules of the same 
nucleus may appear in one section as two separate nuclei, each with a 
nucleolus. Such a condition can easily be mistaken for an amitotic 
division. The cytoplasm of the gonocyte, after the complete loss of yolk 
platelets, still contains many pigment granules and is otherwise clear 
and homogeneous. 

In the mass of materials studied, we have found no extensive dege
neration of gonocytes, nor any regeneration of them from a somatic 
source. Germ-cell degeneration in our form is a rare and unusual 
phenomenon. 

The gonocytes are each surrounded by a follicle, the cells composing 
which are usually stretched to an extreme thinness. The follicle nuclei 
always conform to the general shape of the cell body. They are much 
flattened, and somewhat spindle-shaped, containing one distinct and 
few less conspicuous and smaller nucleoli. In these respects, and in their 
basophilic reaction, they are similar to the nuclei of peritoneal cells. 
The gonocytes are frequently surrounded on their external surface by 
delicate peritoneal cells, which, in these cases, have thus assumed the 
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role of follicle cells. In some instances, the peritoneal cells appear to 
have migrated inward from the gonad peritoneum to form a part of the 

Fig. 7. Transection of a larva 14 days old and 14 mm. totallength. It cuts through the 
anterior ext.remity of both gonads, sbowing that neither gonad bas any relationship to 
the hepatic Iigament (Iigamentum Suspensorium hepatis). Tbe material was sectioned 
from the posterior end forward, so that tbe right side of the photograph corresponds to 
tbe same side of the reader. an dorsal aorta, gd gonad, hl hepatic Iigament, lv liver, 

sc subcardinal vein. 

Fig. 8. Transeo~ion ~f a larva 15 da~s o.ld and 14'/, mm. total length. Note botb gonads 
and their relatwnshiP to tbe hepatiC IIgament. ao dorsal aorta, ca coeliaco·meseoteric 

artery, gd gonad, hl bepatic Iigament, lv Iiver, pc postcava. 

definitive germ-cell follicle. Observations favor a peritoneal origin of the 
follicle, although the possibility of a stromal derivation is not precluded. 
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With the advance of age, the germ glands become shifted more and 
more anteriorly to the cloacal openings of the W OLFFian ducts. This, 
as shown in figure 6, is not accompanied by any corresponding 
decrease in the length of the gonads, and is apparently due to the rapid 
elongation of the body in this region. 

By referring to figure 6 again, it may be noted that in most 
cases, the left gonad is Ionger than the right one. The difference in 
length is variable, and is due to further extension of the left gonad 
either anteriorly or posteriorly or in both directions beyond the Iimits 
of the right gland. WITSCHI (l929a) states that in Rana sylvatica the 
asymmetry in the length of gonads is caused by the attachment of the 

lfig. 9. This transection is 20 micra anterior to that shown in fig. 8. The postcava ha s 
extended toward the right side of the body. Note the reduction in size of the right gona d . 
ao dorsal aorta, ca coeliaco·mesenteric artery, ud gonad, hl hepatic Iigament, lv liver, 

pc postca va . 

Iigamentum suspensol'ium hepatis to the left side . of the base of the 
gut mesentery. This, it should be pointed out, accounts for only the 
difference in the anterior Iimits of the gonads. In only a few of our 
preparations, are we able to confirm WITSCHI's results. In many other 
cases, however, the right gonad has no direct relationship to the sus
pensorium hepatis (fig. 7 and 8), and is actually obliterated by the 
lateral expansion of the right revehent vein toward the right side to 
meet the hepatic portion of the postcava, as shown in figure 9. The 
blood vessel which lies in the hepatic Iigament is a branch of the coeliaco
mesenteric artery which has been mitaken for a "portal" vein by 
WITSCHI (l929a, p. 240). 

The regional concentration of gonocytes is a noticeable feature 
during this period of gonad development. The unbroken lines in 
figure 6 indicate the extent of the germ-cell territory; the dotted lines 
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represent the sterile portions. The latter portions are generally confined 
to the extremities of the gonads. They contain only mesenchymal 
elements, enclosed externally by a surface peritoneum. The terminal 
tips of the gonads appear as irregular masses of peritoneal cells. 

Throughout the period of formation and development of the primor
dial gonads, occasional germ cells have been found located outside the 
germinal structures, within the mesothelial folds of the developing 
mesentery, or near its dorsal attachment, or embedded in the mesenchyme 
immediately above the level of the gonad. In earlier stages, scattered 
gonocytes are observed in the partition wall between the two adjacent 

Fig. 10. Transection of a Ia rva 16 days old and 15'/ , mm. tota llength, showing an ectopic 
germ cell above the postcava in the mesonephric blastema. gd gonad, mb mesonepbric 

blastema, pc postcava. 

revehent veins, which have subsequently fused to form the postcava. 
In rare cases, single germ cells come to lie in the mesonephric tissue 
(fig. 10). These ectopic germ cells appear normal in structure, with no 
apparent degenerative changes. They contrast sharply with the surroun
ding cells which are small and devoid of yolk. Morphological evidence 
definitely excludes the possibility of their derivation in situ from somatic 
elements. 

7. The completed indifferent gonads (fig. 11). 
With continued growth and differentiation, the indifferent gonads 

soon attain their maximum development. The stroma cells, previously 
irregularly scattered throughout the whole gonad, now show a tendency 
toward consolidation, as a result of which they become aggregated into 
compact masses segmentally arranged along the longitudinal axis of 
the gonad. These solid masses of cells receive additional elements of 
similar nature, migrating from the mesonephros, and form what may 
be designated as rete cords. These cellular cords are confined to the 
medullary portion of the gonad, and the cells composing them are derived, 
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as previously described, Irom outside the gonad and begin migrating 
into it as the latter is just being formed. 

The number of rete cords ranges from 3 to 7, and varies in different in
dividuals and gonads. It seems to be conditioned by the length of the gonad 
and the degree of gonadic development. The size of rete cords is pro
portionate to the width and thickness of the gland in the regions concerned. 

Fig. 11. Transe_ction through indifferent gonads. Note their attachment to the lateral 
side of tbe postcava. Botb gonads shov; distinct germ cells in their cortical region. The 
primary genital cavity ls shown in tbe rigtt gonad. The medulla of the left gonad is occupied 
by small stroma cells, \\ hich constitute a rete cord. ud gonad, pc postcava, p(Jc primary 

genital cavity, rc rete cord. 

The metameric arrangement of rete cords produces a sort of gonadic 
segmentation, which, however, shows little or no correspondance or 
relationship to the muscular metamerism. The space intervening between 
these cprds is the so-called primary genital cavity, the lumen of which 
is mostly occupied, and very often entirely obliterated, by scattered 
mesenchymal cells, loosely connected by thin protoplasmic filaments. 
Small vascular vessels with few blood cells ramify through the loose 
stroma. This genital cavity frequently extends to the rete-cord region, 
surrounding the distal ends of the cords. 

Enclosing the central core of rete cords and inter-cordal "cavities", 
is an irregular layer of cells, which forms the cortex of the gonad. This 
cortical layer is most prominent in the regions where germ cells are 
found in abundance, and is practically absent from the sterile portions. 
It is generally thicker along the distal periphery of the gland than 
elsewhere. The germ cells which compose this layer are arranged in a 
single row, and are isolated from one another by their follicles and 

z. f. Zelllorscb ung u. mikr. Anatomie. Bd. 16. 34 
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scanty stroroa roaterials. At all stages, they reroain distinct, and are 
clearly distinguishable, froro the adjoining cells, the so-called "Para
gonien" (KUSCHAKEWITSCH) or "petites cellules germinatives" (BoUIN}. 

The gonocytes show varying aroounts of pigment granules and soroe of 
thero still contain roany or only a few yolk spherules. The gerro-cell 
nuclei contain several distinct nucleoli, and are generally polymorphic, 
which condition is one of their roost characteristic features. The gerro 
cells as yet show no visible roorphological sex characters, and roay be 
regarded as indifferent gonia. They soon begin an intense mitotic acti
vity, which results in a rapid increase in their nurober and a noticeable 
decrease in size. The first roitotic figures are encountered in a tadpole 
16 days old and 19 roro. total length. 

The whole gonad is covered by a delicate peritoneal layer. The 
gerro cells lie closely against this covering, but not within it. Proxi
roally, the gonad perltoneuro is continuous with the roesotheliuro of the 
roesogoniuro, which supports the organ and forros the only pathway 
to and out of the gonad. 

As a result of the regional concentration of the gerro cells as else
where described, the gonad can be divided into 3 portions, which roay 
be called progonad, gonad proper and postgonad, corresponding respecti
vely with the progonalen, gonalen and epigonalen Abschnitten of KuscHA

KEWITSCH (1910). "Progonad" here should not be confused with the pro
gonad of SWINGLE (1921-1926}, which he defines as a sexually neutral 
structure later replaced by the definitive testis, or, in other words, a 
pre-gonad, or roore specifically, a pre-testis. Etymologically "post
gonad" is tobe preferred to the term "epigonalen" of KusCHAKEWITSCH, 

or "epigoniuro" of WITSCHI. 

The developroental history of germ cells and gonads thus far described 
and the terminology adopted for the various structures formed in their 
developroent roay be reviewed in a diagraromatic scheroe as follows: 

Embryonie origin 
of germ cells 

Formation of paired 
germ ridges 

---+ Formation of 
germ cord 

Development of 
primordia.l germ --~ 

---+ glands (indifferent ------+ 
gonads) --~ 

Migration of 
germ cells 

Progorrads 

Gorrads proper 

Postgorrads 

The pro- and post-gonads are practically sterile, containing occasionally 
single, or a few sporadic germ cells. In later stages, the progonad gives 
rise to the corpus adiposuro, while the postgonad persists as a rudimen
ta.t>y Iigament. The gonad proper forms the definitive germ gland, which 
continues to grow and norroally differentiates into a testis or an ovary, 
or abnormally into an intersexual gonad. 
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Literature and Diseussion. 

Origin of Germ Oells. 
The early germ cells of vertebrates have been variously described or 

designated as primitive ova (BALFOUR}, primary sexcells (ALLEN}, primor
dial or primitive germ cells (BEARD) and primary gonocytes in English 
terminology, as Ureier (W ALDEYER}, Urgeschlechtszellen and Urkeim
zellen in German terminology, and as ovules mäles (PoPOFF), gonocytes 
primordiaux, ovules primordiaux, oeufs primordiaux, graudes cellules 
germinatives, graudes cellules sexuelles primordiales (see BoUIN, 1901; 
and DusTIN, 1907) in French ter:millology. 

Concerning the origin of the primordial germ cells in vertebrates, 
a survey of literature reveals a great diversity of opinion. It is beyond 
the scope of our discussion to present all the controversy in details. 
At best, we may briefly review the better known theories on this subject, 
with regard to the fundamentals involved. 

A. Germinal epithelium theory. This theory first advanced by WALD
EYER (1870) claims that the primary germ cells or Ureier arise by direct 
transformation of mesodermal cells in the surface peritoneu~ of the 
gonad, or the so-called germinal epithelium. Thus, the germ cells are 
regarded as differentiated products of the epithelial tissue of the soma. 
This idea has received the indorsement of most earlier workers and espe
cially of many investigators on germ cells of mammals. Many adherents 
of this theory have failed to recognize the germ cells previously to their 
localization in the gonad. Some, however, have observed the primordia] 
germ cells in earlier stages, but maintain that they do not produce sex 
elements. These cells have been described or referred to as hypertrophied 
local elements of unknown significance, as abnormal or accidental pro
ducts of oleavage doomed for ultimate degeneration, or as ordinary 
somatic cells in preparation for division, or in certain phases of meta
morphosis or accentuated metabolic activity, and later participating in 
the formation of mesenchyme or other somatic tissues (HARGITT, M!NoT, 
VON ßERENBERG-GOSSLER, WINIWARTER and SAINMONT, and others). 

Among the supporters of W ALDEYER's hypothesis, many hold that 
the definitive sex cells can be and are proliferated by the germinal 
epithelium throughout the lifetime of the individual until after the 
cessation of sexual activity (RoBINSON, 1918; ARA!, 1920; E. ALLEN, 
1921-1923; SuN, 1923; HARGITT, 1923-1930; PAPANICOLAOU, 1924; 
BuTCHER, 1927; SWEZY and EvANS, 1929). According to K:rNGSBURY 
(1913, 1914), K!NGERY ():917); ÜOWPERTHWAITE (1925), and others, 
the potentiality and capacity of the germinal epithelium for germ-cell 
proliferation is lost as the gonad attains maturity. Still others, such as 
B. M. ALLEN (1904) in mammals and BuTCHER (1928, 1929) in lampreys, 
believe that the germ cells are derived from peritoneal cells only during 

34* 
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embryonie stages, or during a limited period of embryonie life, after 
whieh time, they inerease in number by mitoses and not by eontinued 
transformation of somatie eells. 

It has also been elaimed that the germ eells are produeed by a proeess 
of differentiation or transformation from the periblastie elements (REIN· 
HARD, 1924), blood eells (V ALAORITIS, 1879), stroma eells (FOLEY, 1927, 
among others), epithelial eells (McGREGOR, 1899; HARGITT, 1923, 
1924; et al.), peritoneal derivatives, or other elements of the mesoderm. 
These various views are similar to the germinal epithelium theory in 
aseribing to the germ eells a mesoblastie or somatie origin. 

B. Early segregation theory. NusSBAUM (1880), BEARD (1900-1902), 
and others have advoeated the idea that the germ eells are direet produets 
of eleavage, set aside at the very beginning of ontogenesis, and reserved 
exelusively for this destiny. The germ eells are speeifie entities, and 
although being eontained in, and proteeted and nourished by, the body, 
they remain at all times independent of the latter genetieally. This 
view is in aeeord with, and gains support from, WEISMANN's work (1885) 
on germplasm eontinuity, a hypothesis first proposed by ÜWEN (1849). 
Thorough studies of the history of germ eells in many invertebrates have 
diselosed much evidence in support of the early segregation theory. 
Keimbahn-determinants have been discovered and described by various 
investigators, for example, Ohramidien by BucHNER (1910) in Sagitta, 
Ectosomen by AMMA (1911) in Copepoda, and pole-disc by REGNER (1908, 
1909) in Chrysomelidae. For a moreextensive bibliographic literature, 
one may eonsult the work of the last named author (1914). By means 
of the Keimbahn determinants, it has been claimed possible to identify 
the germ cells during their early formation and to trace them from 
their place of origin to the site of gonad fundament. In vertebrates, 
evidences of an early segregation of germ cells have been found by 
WHEELER (1899), and ÜKKELBERG (1921) in cyelostomes, by NussBAUM 
(1880), EIGENMANN (1891-1896), ßEARD (1900-1902), WoODS (1902), 
FEDOROW (1907), DoDDS (1910), ALLEN (1909, 1911a), SINK (1912), 
ßACHMA~N (1914), RICHARDS and THOMPSON (1921), RANN (1927), and 
STROMSTEN (1929) in fishes, by NUSSBAUM (1880), ALLEN (1907), KING 
(1908), WITSCHI (1914, 1929a), SWINGLE (1921, 1926), ßECCARI (1921 to 
1924), ßOUNOURE (1924-1929), and HUMPHREY (1925) in amphibians, 
by ALLEN (1906), JARVIS (1908), GASPARRO (1908), and JORDAN (1917) 
in reptiles, by HoFFMANN (1893), NusSBAUM (1901), RuHASCHKIN (1908), 
TSCHASCHIN (1910), SWIFT (1914-1916), WOODGER (1925), RICHARDS, 
HULPIEU, and GoLDSMITH (1926-1928) in birds, and by RußASCHKIN 
(1908-1912), Fuss (1911, 1912), V ANEMANN (1917), and KOHNO (1925) 
in mammals. 

C. Gonotome theory. Aceording to RücKERT (1888), the gonads were 
derived from adefinite portion of the segmental mesoblast of the embryo. 
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He found most of the "primordial ova" in the somatic mesoderm of 
Selachia, which fact, he believed, gave support to the theory that the 
reproductive organs of the vertebrates were originally segmentedas those 
in Amphioxus. VAN WYHE (1889) corroborated RüoKERT, and applied 
the term "gonotome" to the mesodermal anlagen producing the germ 
cells. 

The theories presented above evidently contradict each other, and 
are, in many respects, mutually exclusive. Some authors have proposed 
certain modifications and combinations of the various views. It ·has 
even been claimed (W ALDEYER, 1901-1903; FELIX and BüHLER, 1906; 
et al.) that the theory of early segregation may hold true in vertebrates 
below the mammals, while in the latter, germ cells are derived from the 
germinal epithelium or peritoneal derivatives. There are cases on record, 
in which the germ cells of different sexes in the same species are described 
as having different modes of origin (WALDEYER, 1870; KusoHAKEWITSOH, 
1910; KIRHAM, 1916). On account ofthelarge accumulation of recorded 
facts and discordant interpretations, an extensive review of literature 
would require a disproportionate amount of space and cannot be included 
here. Important works on the germ-cell origin in amphibians, suppo
sedly based on original observation of the embryonie development of 
germ cells, may be presented in the following table. The references are 
listed in chronological sequence; those of the same year are arranged 
alphabetically according to the authors. 

Among the interesting features of this table, it may be noted 
that there exists in the published accounts a wide divergence of con
clusions even on the same species, e. g., Rana temporaria. It becomes 
quite obvious that the apparent differences in results obtained are not 
nlways due to actual differences of the material studied, but rather to 
a noticeable disagreement among the investigators in their explanation 
and interpretation of the known facts. 

As seen in the tabular review of literature, the extraregional origin 
of germ cells of anurans finds its first mention in GoETTE's classical work 
on Bombinator (1875, p. 831), but the author did not formulate any 
definite conception of a precocious segregation of germ cells. In Sala
mandra maculata, FüRBRINGER (1878) evidently recognized the primordial 
germ cells before they appeared in the germ glands, as clearly indicated 
in his figure of a 14 mm. embryo (See Tab. II, fig. 18 of his paper). During 
the time of these writings, the germinal epithelium theory was widely 
accepted, without, however, any confirmatory evidence from careful 
observations. Not until 1880, did NusSBAUM advance a rival theory in 
which he maintained, largely on theoretical speculations, a blastodermic 
origin of germ cells and their morphological continuity in successive 
generations. Many of the subsequent researches have confirmed Nuss
BAUM's view in its original or in a more or less modified form. 
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Table L Review of literature on the, e,mbryonic origin of the germ cells in amphibia. 

Author 

KOLESSNIKOW, N. 

HoFFMANN, C. K. 

HALL, R. w. 

DusTIN, A. P. 

ALLEN, B. M. 

SCHAPITZ, R. 

SPEHL, G. et 
PoLus, J. 

ABRAMOWICZ, H. 

CHAMPY, c. 

BECCARI, N. 

BoUNOURE, L. 

HUMPBREY, R. R. 

BURNS, R. K. 

CHEN, H. K. 

McCosH, G. K. 

SEMON, R. 

Year I 

1878 

1886 

1904 

1907 

Urodela. 

Species 

Triton cristatus 
Triton taeniatus 
Triton cristatus 

Ambystoma purre
taturn 

Triton alpestris 

Results 

Germ cells are derived from the 
germinal epithelium 

Germ cells are derived from the 
germinal epithelium 

Germ cells are derived from the 
dorso-median portion of the 
lateral mesodenn (gonotome) 

Germ oells are derived from the 
median portion of the lateral 
plate (gonotome), and from 
peritoneal cells 

19llb Ambystoma 
Necturus 

Germ cells arise from the portion 
of mesodenn between the fu
ture myotome and the future 
lateral plate 

1912 

1912 

Ambystoma mexi
canum 

Ambystoma tigri
num 

Germ cells are derived from the 
medial portion of the lateral 
plate (gonotome) 

Germ cells are derived from the 
medial portion of the lateral 
plate (gonotome) and from peri
toneal cells 

1913b Triton taeniatus Germ cells are derived from the 
entoderm and from peritoneal 
cells 

1913 

1922 

'l'riton palmatus 

Salamandrina per
spicillata 

Germ cells are derived from the 
mesodenn medial to the nephro
tome (gonotome) 

Germ cells are derived from the 
median portion of the lateral 
plate (gonotome) 

1924b Triton alpestris Germ cells are first found in the 
entoderm 1925 

1925 

1925 

1930 

11930 

Hemidactylium scu-
tatum 

Triturns viridescens 
Triturus totosus 
Euryoea bislineatus 
Desmognathus fus-

cus 
Ambystoma punc

tatum 

Germ cells are first found in the 
medial portion of the lateral 
mesoderm 

Germ oells are first found in the 
medial portion of the lateral 
mesodenn 

Neoturns maoulosus Germ oells arise from the portion 
of the mesoblastic sheet be
tween the axial and lateral 
plates 

Ambystoma macu-~ Germ cells are derived from the 
latum lateral mesoderm and the ger

minal epithelium 

Apoda. 

11891 I Ichthyophis gluti- I Germ cells are derived from the 
nosus germinal epithelium 
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Anura. 

.A.uthor Year Species Results 

GOETTE, A. 1875 Bombinator igneus Germ cells are first found extra-

KoLESSNIKOW, N. 1878 Rana esculenta 
regionally in the mesoderm 

Germ cells are derived from the 
Rana temporaria 
Bufo eineraus 

germinal epithelium 

Bufo variabilis 
NussBAUM, M. 1880 Rana fusca 1 Germ cells are first found extra-

regionally in the mesoderm 
HoFFMANN, C. K. 1886 Rana esculenta Germ cells are derived from the 

Rana temporaria 
Bufo cinereus 

germinal epithelium 

Alytes obstetricans 
Boum, M. 1900 Rana temporaria Germ cells are derivedfrom mesen-

1901 chymal, peritoneal and perhaps 
entodermal cells 

ALLEN, B. M. 1906 Rana pipiens Germ cells are first found in the 
entoderm 

DusTIN, A. P. 1907 Rana fusca Germ cells are derived from the 
Bufo vulgaris medial portion of the lateral 

mesoderm (gonotome), andfrom 

KING, H. D. 1908 Bufo lentiginosus 
peritoneal cells 

Germ cells are first found in the 
entoderm 

KusCRAKEWITScHS. 1908 Rana esculenta Germ cells are derived from the 
1910 entoderm and from peritoneal 

and "paragonial" elements 
CHAMPY, c. 1913 Rana temporaria Germ cells are derived from the 

mesoderm mediad to the ne-
phrotome (gonotome) 

WITSCID, E. 1914 Rana temporaria Germ cells are first found in the 
entoderm 

SWINGLE, w. w. 1921 Rana catesbeiana Primordial germ cells are derived 
1926 from the entoderm. Secondary 

cells are derived from the direct 
descendants of the primordia.l 

BECCARI, N. 1924 Bufo viridis 
germ cells 

Germ cells are first entodermal 
in position and become secon-
darily attached to the lateral 
plates of the mesoderm 

HUMPHREY, R. R. 1925 Rana pipiens Germ cells are first found in the 
Rana sylvatica entoderm 
Rana palustris 
Rana clamitans 
Bufo americanus 2 

BouNOURE, L. 1924a Rana temporaria Germ cells are first found in the 
1929 Bufo vulgaris entoderm 

PERLE, s. 1927 Bufo vulgaris Germ cells are first found in the 
entoderm 

WITSCID, E. 1929a Rana sylvatica Germ cells are first found in the 
entoderm 

CHRISTENSEN, K. 1930 Rana pipiens Germ cells are first found in the 
entoderm 

1 Rana fusca is synonymous with Rana temporaria. 
2 Bufo americanus is synonymous with Bufo lentiginosus. 
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In Rana cantabrigensis, there can be no doubt regarding the sexual 
nature of the primordial germ cells. They are not temporary structures, 
nor ordinary somatic cells in preparatory stages of mitotic activity, or 
in abnormal hypertrophy or degeneration. By tracing their future history, 
they are seen to give rise to the definitive functional sex elements. As 
already described, the primordial germ cells of Rana cantabrigensis 
antedate the germ glands and have an origin remote from the gonado
genic region. They become first recognizable as distinct structures, at 
the time when they are separated from the entoderm and become included 
in the mesenterial anlage, which has meanwhile been formed by the 
approximation of the lateral plates of the mesoderm. This fact has been 
demonstrated by ALLEN (1906) on Rana pipiens, and by many subsequent 
investigations on various other species of anurans. GOETTE (1875), 
NusSBAUM (1880), and BomN (1900, 1901) have followed the germ cells 
extra-regionally to varying extents in the mesoderm, but have invariably 
failed to trace them further back to the yolk entoderm. KuscHAKEWITSCH 
(1910) claims that in delayed fertilization experiments, the primordial 
gonocytes do not arise from the entoderm, and "Die erste unpaare Keim
anlage bildet sich auf Kosten der medialen Ränder der beiden Seitenplatten, 
die sich in der Medianlinie vereinigen" (p. 140). DusTIN (1907) for Rana 
fusca ( = Rana temporaria) and Bufo vulgaris, and ÜHAMPY (1913) also 
for Rana temporaria, have denied an entodermal origin of germ cells, 
to adopt the gonotome theory for amphibians. According to them, the 
germ-cell anlagein these vertebrates is paired, segmental and mesodermal, 
instead of being single, medial, entodermal and unsegmented. Their 
view has not been confirmed, and has repeatedly been rejected by many 
writers. More recently, BECCARI (1924) has described in Bufo viridis an 
early migration of germ cells from the entoderm to the lateral plates of 
the mesoderm. Germ cells, in this position, are subsequently carried 
by the inward growth of the lateral plates, to the median line of the 
embryo where they constitute the germ cord. A similar condition has 
been recorded for the Urodela (ABRAMOWICZ, 1913; BouNOURE, 1925). 
In our material, however, there is no evidence for this. Examination 
of many specimens has revealed no elements of germ-cell type in the lateral 
plates, previous to their medial union to form the anlage of the dorsal 
mesentery. 

While migrating in the mesoderm to their definitive position in the 
gonad fundament, the germ cells are first in the form of a median germ 
cord, which is equivalent to the «ebauche genitale primordiale» (BomN), 
«ebauche genitale impaire» (DusTIN), or "unpaarem medianem Keimzell
strang" (KusCHAKEWITSCH), and are later segregated into paired germ 
ridges or ,,ebauches des glands bilaterales definitives>> in DusTIN's desig
nation. During these developments, BomN (1901), and DusTIN (1907) 
have attempted to show a transformation of small somatic cells into 
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germ cells by accession and increase of yolk materials. HUMPHREY (1925) 
has argued with reason that "Such an increase in size and yolk content 
of embryonie cells is obviously contrary to the usual course of embryonie 
differentiation, during which cells ordinarily become smaller and poorer 
in deutoplasm." KERR (1919, p. 271), however, believes that yolk may 
be stored secondarily in particular cells or portions of tissues of a deve
loping embryo. KuscHAKEWITSCH (1910) describes, figures and dis
cusses at length certain elements which he claims represent transitional 
stages from peritoneal cells or from the "Paragonien" (derivatives of 
axial mesenchyme and peritoneum ?), to germ cells at stages immediately 
preceding the formation of germ ridges (tadpoles 6 mm. long and 17 days 
of age). He believes that such a transformation does not require a renewed 
deposition of yolk, as the mesodermal cells, during this period, still 
retain varying amounts of yolk material. This can not be confirmed in 
our species. Throughout the entire period of migration, the mesodermal 
cells are much smaller than the germ cells and conte,in no yolk. These 
two types of cells are distinctly different form each other, and there are 
no questionable cells, which might suggest transition stages between 
them. 

The germ ridges appear to develop generally under the influence of 
the gonocytes. In normal development, somatic tissues do not usually 
form germ ridges independently of the germ cells, or previously to their 
migration to this region. This fact controverts the view upheld by 
GATENBY (1923) that in all "vertebrates the migratory germ cells arrive 
in the definitive genital ridge a good while after the coelomic (or germinal) 
epithelium has been established." EIGENMANN's findings (1891, 1896) 
lead him to conclude that "Sex ridges are formed wherever sex-cells 
may be located." BACHMANN (1914) has, however, noted that germinal 
folds may develop in regions where there are no germ cells. From extir
pation and transplantation experiments of germinal materials of primordia 
of Ambystoma embryos, HUMPHREY (1927-1929) has concluded that 
the primordial germ cells in the urodele appear to playadominant part 
in the formation and early development of the gonad. Evidences from 
late fertilization experiments (KuscHAKEWITSCH among others), and from 
certain cases of hypogenitalism as previously reported (CHENG, 1 930) 
indicate that in amphibians, germ ridges may, under certain conditions, 
be formed in the absence of primordial germ cells, and develop into 
sterile gonads. 

Once in the gonad, the germ cells become eventually arranged in a 
corticallayer, enclosing an inner core of stroma and externally enclosed 
by a thin peritoneum. This peritoneal lining does not contain nor pro
liferate any germ cells; hence, it can not be appropriately called the 
germinal epithelium. On the other hand, evidences indicate that it is 
the source of origin of follicle cells (BoUIN, KING, et al.). 
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During the growth of the indifferent gonads, BouiN, DuSTIN and 
KusCHAKEWITSCH have claimed a neoformation of germ cells from 
peritoneal and mesenchymal elements. In our specimens, germ cells 
have at this stage begun active multiplication. They retain their charac
teristic cytomorphic features, and are readily distinguishable, as hitherto, 
from the surrounding soma cells. The former are never seen to be con
verted into the latter, whatever the latter might be, peritoneal, stromal 
or follicular. Likewise, there is no morphological evidence in support 
of an alleged düferentiation of peritoneal or mesenchymal cells or their 
derivatives, into the germ cells; nor is there any extensive degeneration 
of germ cells, which would indicate or necessitate such a düferentiation. 
All multiplication of germ cells is by mitotic divisions of the prexisting 
germ cells, and by this alone. 

Our evidence thus far shows definitely that all the germ cells in 
later stages of development are derived from, and hence genetically related 
to, those first recognizable as such. They originate extra-regionally from 
the yolk entoderm, and become secondarily attached to the mesoderm, 
migrating through it to the gonadogenic region. The origin or formation 
of germ cells, from an embryological point of view, is, therefore, purely 
entodermal, without any contributions from elements of mesodermal 
tissue. Our material also shows clearly that the germ cells do not have 
any segmental origin, nor any segmented arrangement during sub
sequent stages of their development. These observations contradict 
WALDEYER's theory of · a germinal epithelium and RücKERT's theory 
of a gonotome, and are essentially in accord with the results obtained 
by ALLEN, KING, WrTSCHI and others on Bufo and Rana. 

While we consider it established that the germ cells of the Anura are 
of an entodermal origin, evidence has been accumulating, now seemingly 
conclusive, that in the Urodela the primordial gonocytes are first found 
in the mesoderm. It has been suggested that in case of urodeles, the 
germ cells might have migrated from the entoderm into the potential 
mesoderm before the two layers are separated. Of this, however, there is 
no indication from actual observations. BourN (1901), DusTrN (1907), 
and ÜHAMPY (1913) have advocated a mesodermal origin of germ cells 
in anurans. Their claim is not substantiated by our evidence. The inter
pretations of ABRAMOWICZ (1913), and BüUNOURE (1924b, 1925) regarding 
an entodermal derivation of germ cells of urodeles has been thoroughly 
discussed and repudiated by HuMPHREY (1925, 1929a). The lastnamed 
author contends that in tracing back the germ cells of the Anura and 
Urodela into earlier and earlier periods of development they would ulti
mately be found to Iie "in the territory in which mesoderm and entoderm 
were yet fused - the undifferentiated material at and immediately 
anterior to the blastoporic lip." He further asserts that "the primordial 
germ cells of vertebrates, regardless of the germ layer in which they 
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ultimately appear, may be said to be derived from the germ ring or, 
in the meroblastic eggs, the equivalent blastodermic margin. Their later 
position is secondary - the result of the specific or generic pattern 
of development ... " This is a more concrete, and more or less modified 
expression of the beliefthat the germ cells are not evolved from, nor do 
they truly belong to, any germ layer, but are set aside, ab ovo, as specific 
entities. This conception gains valid support from works on certain ver
tebrates, in which it has been found possible to trace back the germ cells 
to a period when the definitive germ layers have not yet been formed 
ot are just forming. EIGENMANN (1891) believes that the germ cells of 
Micrometrus might probably be segregatedas early as the fifth cleavage. 
Woons (1902) claims to have found the primary gonocytes of Acanthias 
in the entoderm before the differentiation of mesoderm, and later in a 
region of the embryo near the junction of the 3 germ layers. According 
to Donns (1910), the germ cells in Lophius appear before the entoderm 
has separated from the mesoderm. BEARD (1900, 1902) states that the 
germ cells of Raja can be definitely traced back to late stages of cleavage, 
before the formation of any real embryo. The "embryo" is here used 
in the sense of soma, as distinguished from the germ cells or the germ
plasm. WHEELER (1899) and ÜKKELBERG (1921) have been able to 
recognize the germ cells of cyclostomes in the mesentoderm before the 
differentiation of definite entodermal and mesodermal tissues. Recently, 
BouNOURE (1925, 1927c, 1929) claims to have followed the primordial 
germ cells of Rana temporaria back to the very beginning of gastrulation, 
when they occupy a definite place in the floor of the blastocoele. 

From theories and evidences given above, it becomes probable that 
in the case of Rana cantabrigensis, the entodermal origin of germ cells may 
not be the real or ultimate origin of these cells. The close similarity of 
germ cells to entodermal cells does not necessarily imply that the germ 
cells are actually entodermal cells, or are derived from such. Crucial 
evidence is likewise lacking that the germ cells as such are specific products 
of early cleavage, a contention which amounts to claiming an actual 
morphological continuity of germ cells. It is plausible, however, from 
a consideration of all available data, that the germ cells are developed 
precociously before their localization in the entodermal ridge, from an 
early embryonie or undifferentiated tissue. Such a contention for our 
species is not purely hypothetical, as BouNOURE states that he has 
actually found this tobe the case in Rana temporaria. The germ cells may, 
thus, be regarded as continuous with the embryonie materials directly 
developed from the fertilized ovum. This process of germ-cell formation 
may probably be analogous with the ordinary procedure of embryonie 
segregation which leads to the division of labor among the component 
elements of the body. This view affirms the essential issues of the theory 
davanced by MoRGAN (1891), and EIGENMANN (1896). The above 



524 Tso-Hsin Cheng: 

generalization does not, in the least, conflict with or obscure the feature 
characteristic of the germ cells of Rana cantabrigensis, that they, though 
being formed very early during ontogenetic segregation and specialization, 
have remained in an apparent primitive condition for a considerable 
period, and are among the last to undergo histological differentiation. 
The fact that the germ cells always arise in a perfectly definite way, 
and that they are genetically specific and continuous at all stages after 
their first appearance, gives support to our belief that the formation 
of germ cells in normal embryonie development is an orderly process of 
the determinate type, specific in time and definitely localized in space. 

While it seems evident from the above discussion that germ cells are 
precociously developed during early ontogeny, nevertheless the question 
of germ-cell origin cannot be considered entirely settled. Many of the 
previous investigators have confined their work to the early history of 
the germ cells and have arrived at some important conclusions, assuming 
that the primordial gonocytes persist to form definitive sex elements 
and constitute the only source from which the latter elements are derived. 
Such an assumption needs substantiation in every case, because evidences 
have been accumulating that in many species of amphibia there appears 
in the course of ontogenetic development a second generation of germ 
cells, which are generally claimed to have been derived from a different 
source. BouiN (1901) contends that in Rana temporaria the primary 
gonocytes degenerate in large numbers, and are expelled from the gonad 
into the body cavity, while a second generati.on of germ cells arises by 
transformation of mesenchymal and peritoneal cells. DusTIN (1907) 
describes in other amphibians the appearance of a secondary line of 
gonocytes derived from a peritoneal source. APEHL and PoLUS (1912), 
and ABRAMOWICZ (1913) likewise postulate a similar neoformation of 
germ cells for the Urodela. KuscHAKEWITSCH (1910) holds that the primary 
gonocytes of Rana are derived from the entoderm, while the secondary 
gonocytesarederivedfrom peritoneal, "paragonial" andrete-cord elements. 
According to Gatenby (1916), the first germ cells which migrate from the 
entoderm are relatively unimportant. "Through the peritoneum, the meso
derm supplies by far the greatest number of germ cells." HARGITT (1924) 
concludes, from a general review of literature, that the primary germ 
cells of amphibians mostly degenerate, and the definitive germ cells are 
derived from a second generation, at least some of which develop from 
the peritoneal epithelium. SwrNGLE (1921) contends that in Rana 
catesbeiana, practically all of the primary germ cells degenerate through 
an abortive maturation cycle. A second generation of germ cells appears, 
which, according to his later investigation (1926) are derived from a 
few Iineal descendants of the primordial gonocytes, and are not trans
formed from mesothelial elements of the gonad. McCosH (1930b), working 
on Ambystoma maculatum, believes that in this form a few of the func-
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tional sex cells may be derived from a small portion of the primordial 
germ cells, while the majority of them are developed from the germinal 
epithelium. Evidences showing the development of more than one genera
tion of germ cells have also been obtained from every other group of verte
brates including man (Böm, 1904; von WrNIWARTER and SAINMONT, 1908; 
von WINIWARTER, 1910; FELIX, 1912; VON BEHENBERG-GOSSLER, 1912; 
1914; FIRKET, 1914, 1920; KIRKHAM, 1916; KrNGERY, 1917; EssENBERG, 
1923; HARGITT, 1925-1929; STIEVE, 1927; BuTcHER, 1928, 1929; SwEzY, 
1929). A nurober of the above mentioned authors have agreed that the 
first generation of germ cells may give rise to some of the definitive sex 
elements. In case of mammals, however, many regard the primordial 
germ cells as ordinary or degenerating somatic cells ( cf. our previous 
discussion on the germinal epithelium theory). Some workers think 
it probable that the primary germ cells in the very process of degeneration 
exert the necessary stimulation for the formation of secondary gonocytes 
from the germinal epithelium. This, however, fails to apply to those 
cases where secondary germ cells are reported to have been developed 
in the total absence of the primary gonocytes. Von BEHENBERG-GosSLER 
holds that the so-called primordial germ cells are merely entodermal wan
dering cells, contributing largely to the formation of the W OLFFian duct. 
Some of them may enter the germ gland, where they become trans
formed into mesenchymal cells, and then retransformed into germ cells. 
FIRKJCT among others has advocated a phylogenetic interpretation for the 
regression of the first generation of germ cells, according to which the 
primary gonocytes may function in lower vertebrates, but are replaced 
by secondary gonocytes in the higher vertebrates. 

In view of the above researches, it becomes obvious that any attempt 
to ascertain the germ-cell origin in a given species cannot be considered 
as adequate without thoroughly investigating the entire germ-cell cycle 
from the embryonie origin of the primordial germ cells to the formation 
of the definitive functional sex elements, including the origin of the 
subsequent generations of germ cells after spawning. In our succeeding 
papers on the later history of germ-cell development in this species, the 
question of origin or genesis of the germ cells will receive further con
sideration. 

Having discussed thus far the embryological origin of germ cells, 
we cannot entirely overlook the genetical aspects of this problem, which 
are centered in the germplasm theory. According to the modern view 
of WEISMANN's hypothesis, all cells of the body, including those con
cerned in reproduction, contain identical amounts of inherited germ
plasm in the nucleus, somatic düferentiation being confined to the cyto
plasmic substances of the cell body. If this is true, it is conceivable, 
then, that any soma cells, in an undifferentiated or dedüferentiated con
dition, would be capable of transforming into germ cells under proper 
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stimulation and appropriate conditions. That such a transformation 
actually takes place has been claimed by many, among whom may be 
mentioned Child (1906) on Moniezia, HARGITT (1913-1919) on Coelen
terates, and GATENBY (1916-1924), SIMKINS (1923-1928), HARGITT 
(1923-1930), and McCosH (1930) on various vertebrates. Whatever may 
be the significance of these evidences, the mass of our data shows posi
tively the non-existence of such transformation in the normal embryonie 
development of Rana cantabrigensis, and strongly suggests a genetical 
integrity and genealogical continuity of germ cells after their formation. 

Experimental methods have been devised to solve the disputed ques
tion of transformation of somatic cells into germ cells. LEVI (1904-1905) 
attempted to destroy the gonads of toad larvae ( Bufo vulgaris) by 
cauterizing the dorsal part of the coelomic cavity. Many of the operated 
animals died in the course of a few days. Those which survived later 
regenerated their gonads, probably on account of incomplete castration. 
KuscHAKEWITSCH (1910) working on Rana esculenta, found that delayed 
fertilization of frog eggs inhibited the development of early germ cells 
from the yolk entoderm. Relatively late in life, secondary gonocytes 
were evolved by transformation of rete-cord cells, and they gave rise 
to spermatogonia only. WITSCHI (1914), and BoUNOURE (1927a, b), in 
their studies of germ-cell development in tadpoles produced from overripe 
eggs of frogs and toads, found that in these tadpoles, the primordial germ 
cells were developed from the entoderm, only being more or less modified 
in their appearance and migrating to the gonad more slowly than normal. 
WITSCHI (1929a) considered it possible, however, that "in extreme cases, 
overripeness might completely suppress the migration of entodermal 
germ cells." HuMPHREY (1927a) attempted to suppressgerm-cell migration 
by the employment of chemical and operative procedures. He stated that 
after such procedures the genital ridges developed into sterile (or practi
cally sterile) gonads, in which secondary germ cells appeared to develop 
in older stages. The same author (l927b, c) reported that in Ambystoma 
embryos, complete unilateral extirpation of primordial germ cells and the 
associated mesoderm resulted in the absence of a typical gonad on the 
operated side of the body. No indication of a possible formation of 
secondary gonocytes was found up to 290 days after operation. In foot
notes 1 and 3 of the same paper, the author mentioned that he had found 
regeneration of germ cells in certain animals of another series, upon 
which a similar operation had been performed at an earlier period of 
development. In adult tritons, ARON (1924) found no regeneration of 
testes following complete castration. MoRGAN and MAcNAB (1926) 
reported that in Diemyctylus, after double ovariectomy, most of the 
operated animals did not regenerate their ovaries. In some cases, ovarian 
tissue was found present at autopsy, which was considered as probably 
due to some compensatory hypertrophy of the bits of tissue unremoved 
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at the time of operation. Similar evidence has been obtained by ADAMS 
and KIRKWOOD (1928) in their castration experiments on males and 
females of Triturus viridescens. ADAMS (1928, 1930}, in her work on 
ovarian grafting in castrated males of the same species, found no testi
cular tissue regenerated in the experimental animals. In the chick, 
REAGAN (1916) removed from young embryos an extra-embryonie area 
in which the primordial germ cells are supposed to be located. He did not 
find any typical germ cells in the gonads of such operated embryos 
even after 5 days of incubation. WILLIER's implantation experiments 
(1926) give evidence that in the chick embryos no germ cells develop 
in the absence of the primordial germ cells. DoMM (1927) has performed 
an extensive series of gonadectomies on hens. His work shows no regen
eration of ovarian tissue following complete ovariectomy. In medical 
literature, there are many records of pregnancy in women after removal 
of both ovaries (MORRIS, 1901; DoRAN, 1902; KYNOCH, 1902; MEREDITH, 
1904, et al.). Ovarian regeneration in these cases may be attributed to 
incomplete extirpation of the germinal tissue. ÜASTLE and PHILLIPS 
(1911, 1913) removed gonads from a large number of female guinea 
pigs and rabbits. Subsequent examination revealed a regeneration of 
ovarian tissue in a few of the experimental animals. In rats and mice, 
DAVENPORT (1925), PARKES and BELLERBY (1926}, PARKES, FIELDING 
and BRAMBELL (1927}, HANSON and HEYS (1927}, and PALLOT (1928) 
have claimed that, following complete ovariectomy, new ovaries, may, 
under favorable conditions, be regenerated from a somatic source. On the 
other hand, HATERIUS (1927, 1928) and more recently PENCHARZ (1929) 
working on the same animals, have maintained that the ovarian tissue, 
after having been completely excised, does not arise de novo from non
germinal material. Experimental evidence now available is by no means 
conclusive concerning the genetical continuity and independence of the 
germ cells, and the existing controversy in the published results shows 
the need of further investigation, before any generalization can be attempted 
on this question. 

Migration of Germ Cells. 

SIMKINS, HARGITT and others, from their work on germ cells of mammals 
and reptiles, have objected to the theory of extraregional origin of germ 
cells and their subsequent migration to the gonad. All germ cells, in 
their opinion, are differentiated from the peritoneal epithelium which 
first forms and later invests the germ gland. BRAMBELL (1927) even con
siders it probable that the germ cells of the mouse, originating from the 
germinal epithelium, might migrate out of the gonad and constitute the 
extraregional germ cells. In wood-frogs, our evidence is definite and dernon
strative of the fact that primordial germ cells do not originate within the 
gonad, but elsewhere in the body, from whence they later migrate to the 
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gonadogenic region. The fact of germ-cell migration is clearly shown in 
a complete series of stages. Successive steps of this process are frequently 
encountered in the very same specimen. Quantitative studies have 
demonstrated that germ-cell migration is not of a sporadic nature, but 
a general process occurring in every young tadpole. 

In our wood-frogs, and probably in all of the Anura, the germ cells 
migrate more or less in masses, instead of singly, as in many other forms. 
Apparently owing to this mode of progression, stray germ cells are 
relatively of rare occurrence. Only a few such cells have been encoun
tered in any one tadpole which shows this abnormality. In other verte
brates, BEARD (1902), JARVIS (1908), ALLEN (1911), and others have 
recorded high percentages of abnormally-placed germ cells. Data on germ
cell ectopia are available for toads (KING, 1908; BECCARI, 1924), and for 
urodeles (Humphrey among others). In frogs, WrTscm (1914), BouNouRE 
(1925), and HUMPHREY (1925) have reported scattered germ cells in 
malpositions, as in the intestinal wall, in the coelomic epithelium, within 
the folds of the dorsal mesentery, or somewhere between the mesentery 
attachment and the genital folds. GATENBY (1916) states that he has 
found germ cells outside the gonad in frogs long after germ-cell migration, 
and contends that they are derived in situ from retro-peritoneal cells. 
ÜBRESHKOVE (1924), and HARGITT (1924) likewise consider the isolated 
ectopic germ cells as having been developed from the adjacent somatic 
tissue. This conception is unjustified by histological data, and is defi
nitely disproved by our embryological evidence on the development and 
migration of germ cells. 

In most cases, the abnormally-situated germ cells appear tobe belated 
or left behind in migration. It is conceivable that these cells, if closely 
adjacent to the germ gland, may in time move into it. If not, they 
would eventually degenerate in situ, but might persist and develop, under 
favorable stimulation and condi.tion, into germinal masses in abnormal 
regions. These neoplastic masses may be included in certain tissues or 
organs of the body, or may be free, forming independentgerminal struc
tures, which subsequently give rise to gonadic multiplicity or heterotopy, 
as recorded by NussBAUM {1906), GERHARTZ {1906), and DAUVART (1926, 
1927) in adult frogs. EIGENMANN (1896) reported that in a Cymatogaster 
embryo, a few of the germ cells were stranded in their migration and 
formed an extra germ ridge independently of and separated from the 
germ ridges occuring in the normal position. WrTSCHI {1914) found in a 
newly metamorphosed frog ( Rana temporaria), besides 2 normal gonads, an 
"akzessorische Keimdrüse" equally well developed. ÜAROLI (1926, 1927) 
observed in the left kidney of a sexually maturemale toad ( Bufo viridis), 
a rounded formation of about 200 micra in diameter, which was composed 
of male germ cells in a healthy condition. In his opinion, this was due 
to an actual inclusion of a portion of the genital crest into the renal 
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parenchyma during the embryonie development. But inferred from our 
data on germ-cell ectopia, this anomaly may best be explained as an 
instance of abnormal migration of germ cells. The fact that we have 
found aberraut germ cells actually within the renal blastema renders this 
explanation even more probable. According to BEARD (1902c), some 
of the ectopic primordial gonocytes might survive to give rise to dermoid 
cysts, or the so-called embryomas. 

The path of germ-cell migration is determinate and definite. The 
germ cells begin migration as a median mass from the entoderm. Inferred 
from the initial position of germ cells in most of the lower vertebrates so 
far studied, it is possible, as suggested by ALLEN (1906), that the germ 
cells of the Anura may migrate precociously from more lateral portions 
of the body to the median entodermal ridge. The recent findings of 
BECCARI (1924) on Bufo viridis, and BoUNOURE (1925, 1927c) on Rana 
temporaria lend support to this assumption. The latter author claims to 
have actually traced the germ cells to the bilateral, symmetrically
placed foci in the entoderm. 

Eventually as the germ cells are separated from the entoderm, they 
come to lie first in the splanchnic mesoderm, then in the mesoderm of 
the dorsal mesentery, and from there they migrate to the gonadogenic 
region on each side. In the Urodela, the migration path is strikingly 
different. The germ-cell anlage in the lateral mesoderm is originally 
paired. The paired cell groups, in most forms, approach each other in 
the midline, but, according to HuMPHREY (1925, 1929a), they never fuse 
to form a true median structure, such as in the Anura. They eventually 
separate with the formation of the dorsal mesentery, and are shifted 
laterally to form the genital ridges. 

The process of migration is gradual and is coordinated with the 
development of the adjoining tissues and structures. It is invariably 
more advanced anteriorly than posteriorly. 

As regards the means of migration, ALLEN (1907) on Rana pipiens, 
advocates the view of an active and independent movement on the part 
of the germ cells. In many forms, germ cells are seen to assume, during 
a part of their early history, slightly irregular outlines, which condition 
has been interpreted as indicative of their ameboid mode of progression. 
ALLEN (1906) suggests that the germ cells of reptiles, despite their 
rounded form, might undergo slight ameboid movements brought about 
by imperceptible changes in their shape. WooDGER (1925) has described 
and figured unmistakable pseudopodia in the gonocytes of the fowl. 
SwrFT (1915), working on the same animal, shows that the distribution 
of primordial germ cells is invariably in favor of the left gonad, and regards 
this as a positive proof of their active migration. Some authors have 
called attention to the parallelism between the independent motility of 
germ cells and that of the nervous and muscular elements during embryonie 
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development. HuMPHREY (1925), on the other hand, supports the view 
that germ-cell migration in amphibians, is a passive process brought 
about by the growth shiftings and readjustments of the related structures. 
A similar interpretation has been advanced for fishes (RICHARDS and 
THoMPSON, 1921; and RANN, 1927) and for reptiles (voN BERENBERG
GossLER, 1914). It has also been proposed that germ cells may be carried 
along by ameboid movements of their follicle cells (ÜKKELBERG, 1921). 
In general, our evidence is in accord with HUMPHREY's view, but admits 
the possibility that while in the entoderm, germ cells might have undergone 
a process of active segregation to reach the appropriate position in the 
entodermal ridge. Recent work of BoUNOURE on Rana temporaria seems 
to show that such a process actually takes place. The lateral movement 
of germ cells from the median germ cord to form the paired germ ridges 
takes phce, according to HUMPHREY, "in conjunction with a similar 
movement of associated parts." In Rana cantabrigensis, our evidence 
is contrary to this, and indicates that this process is coincident with and 
may possibly be brought about by the approach of the revehent veins 
medially to form the future post cava (fig. 4). BoUNOURE (1925) states 
that in Rana temporaria, the development of germ ridges takes place 
during the formation of the postcava. In our preparations, as seen in the 
figure already referred to, the former process always precedes the latter. 

The rare occurrence of scattered germ cells in the mesonephros and 
in regions far away from the normal migration track may perhaps be ex
plained best on the basis of chance wanderings on the part of these cells 
Such an explanation necessitates the assumption that germ cells, no 
matter how large and inert, may be capable of some independent move
ment, however slight it might be. As to the causes that prompt this 
active movement and the actual means by which it is accomplished, 
morphological data are too meager for any suggestions. The view that 
germ cells may take an active part during certain phases of their migration, 
and a passive part in others, has been advocated for other vertebrates 
(WOODS, 1902; DODDS, 1910; JORDAN, 1917; VANNEMAN, 1917; ÜKKEL
BERG, 1921; and CHEN 1930). Intravascular migration of germ cells does 
not normally occur in the frog, as has been demonstrated for birds (voN 
BERENBERG-GOSSLER, FmKET, SWIFT, WooDGER, and GoLDSMITH). 

Oharacteristics of Germ Oells. 

In Rana cantabrigensis, the primordial germ cells are best characterized 
during earl!y stages by their position or location. They can be readily 
distinguished from all surrounding mesodermal elements by their wealth 
of yolk materials. In this respect, however, they resemble the primitive 
entodermal cells, and this resemblance is apparently due to the late 
differentiation common to both types of cells. As development proceeds, 



The germ cell History of Rana cantabrigensis Baird. I. 531 

the entodermal cells soon use up the contained yolk, while the germ cells 
remain yolk-laden for a considerably Ionger period. The persistence 
of yolk affords, then, a precise and a most conspicuous means of identi
fying the germ cells. 

Another characteristic of the germ cells is the absence of mitosis for 
a long time subsequent to their first appearance. This has been ascribed 
to the presence of large quantities of yolk in them. Owing to the crowded 
condition of yolk particles, it is beyond our available means to detect 
mitotic figures, should they exist as they might. Occasional mitoses 
during germcell migration have been recorded by SWIFT (1914) in birds, 
JoRDAN (1917) in reptiles, BEARD (1902c) and BACHMANN (1914) in 
fishes, and DusTIN (1907) and KuscHAKEWITSCH (1910) in amphibians. 
The last-named author, from counts of germ cells in a number of specimens 
(Rana esculenta), holds that these cells begin to multiply even before 
they reach the gonadic region. WITSCHI (1914) has re-analyzed his 
statistical data and points out that they do not support this contention 
but rather indicate individual variability with respect to germ-cell number. 
Statistical studies of Böm (1904), EIGENMANN (1896), BECCARI (1924), 
and BoUNOURE (1925) may suffice to show that there is no numerical 
increase of germ cells during the time of their migration, which period 
may, thus, be designated as a period of rest. 

Mter the absorption of yolk, the germ cells become noticeable as large, 
rounded structures. Their nuclei enlarge and soon assume a characteris
tically polymorphic appearance, which is a surest criterion for the 
recognition of these cells. 

BoUNOURE (1927c, 1929a) has recently reported the presence of a 
"chondriome" in the primary gonocyte of Rana temporaria, which is 
<<Une masse cytoplasmique juxtanucleaire, d'aspect granuleux et tri:ls 
dense ... " By means of this cytological structure, he claims that he 
is able to distinguish between the germ cells and other cells of the body 
in the very early stages when gastrulation has just begun. This structure 
is of considerable interest, and is unique in the mass of literature on the 
early embryology of germ cells of frogs. 

In certain vertebrates, visible substances apparently similar in nature 
to the so-called Keimbahn-determinants in the invertebrates have been 
found (DüDDS, 1910; RuBASCHKIN, 1910b, 1912; TSCHASCHIN, 1910; and 
others). Most of these are still in dispute, and, in no case, has the 
evidence been completely established. According to REGNER (1914), 
"A large number of Keimbahn-determinants which have been described 
are supposed to consist of nutritive substances," which are likely akin 
to the yolk materials so abundant in the early germ cells of frogs. 

The long retention of yolk by the germ cells, the absence of cell division 
among them, their large size, and other peculiarities of their cellular 
structures, all indicate that these cells have been endowed with certain 
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specific properties, and are preserved in an embryonic, or a slightly differ
entiated condition for a considerable period in their early development. 
This characteristic feature of the germ cells is rendered more evident 
and more significant in contrast to the rapid and pronounced development 
and specialization exhibited by the early somatic tissues. 

Rete Cords. 
The structures, designated as rete cords in this paper, have been 

previously described as «cordons medullaires,, by BouiN, or as "Ge
schlechtsstränge", "Genitalstränge", or "Sexualstränge (sex-cords)" by 
students of the HERTWIG school. SwrNGLE (1921) points out that the 
term "sex cord" is a misnomer, but he as well as many others have con
sistently used the term apparently as synonymous with "rete cord". 
WITSCHI (1929) has definitely adopted the latter term as more appro
priate than the former one. Regarding the origin of rete cords, or 
rather the cells of which these cords are composed, it has been con
tended that they are derived from the peritoneal epithelium, as for 
instance by KING (1908) in toads, and ABRAMOWICZ (1913) in tritons. 
Recent investigations on both the Anura and Urodela have shown that 
the rete cord materials originate from the nephrogenous tissue, whence 
they migrate into the developing gonad. SEMON (1891) has noticed in 
lchthyophis, cellular cords arising from the nephrotome and passing into 
the germ gland. In other vertebrates, rete cords have been variously 
postulated or described as being derived from the Wolffian duct (WAL
DEYER, 1870), from the renal corpuscles (MIHALKOWICS, 1885; HoFFMANN, 
1889; KrNGERY, 1917), from the germinal epithelium (JANosiK, 1885; 
SIMKINS, 1923; WrLSON, 1926), from the stromal mesenchyme (FIRKET, 
1914; SwrFT, 1915), or from "funnel-cords" together with evaginations 
from the corpuscles of Bowman (ALLEN, 1905). 

It should be made clear that in wood-frog tadpoles, the cells that are 
hter concer1;1ed in the formation of rete cords do not migrate into the germ 
ridges in a tubular or any other definite form. Even inside the ridge, 
they do not show any organization, being widely dispersed among the 
germ cells and their associated small mesenchymal elements. Hence, 
during this period, there are no rete cords to speak of. Not until the 
time of morphological sex differentiation do the stroma cells of the gonad, 
undergo a process of condensation to form the segmentally arranged rete 
cords. Thus considered, these cords are really a product of stromal 
condensation. BoUIN (1901) has made a similar observation of Rana 
temporaria, in which species the rete cords are differentiated "aux depens 
de la zone centrale des tissu mesenchymaeux>> of the gonad. 

The segmental arrangement of rete cords produces a metameric 
appearance of the gonad, which condition WrTSCHI (1929a) designated 
as gonomery, an unsatisfactory term for this usage, since it has been 
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generally accepted to mean the independence of the maternal and paternal 
chromosomes and nuclei in the products of a zygote {WILSON, 1925; 
SHARP, 1926). 

The rete cords eventually give rise to rete testis in case of the male, 
and rete ovarii in case of the female. In either case, they constitute the 
intragonadal communicating network, which becomes functional and 
essential in the testis, while rudimentary and superfluous in the ovary. 
WITSCHI {1929b) maintains that from rete cords are derived not only 
rete tubules, but also seminiferous tubules which have generally been 
believed to düferentiate from sex cords. Our data on this may be best 
considered with reference to, andin connection with, the sex düferentiation 
of the gonad, which will be described and discussed in a separate publi
cation. 

H ypogenitalism. 

Owing to its possible bearing on the problern of germ-cell origin, hypo
genitalism may be briefly considered here. As the term implies, this con
dition may be defined as atrophia or underdevelopment of gonads or 
genital structures. As such it is distinctly an embryological abnormality 
and cannot be considered as anormal feature of individual variability. 

Cases of underdeveloped or atrophied gonads have been encountered 
sporadically at düferent stages of larval development, during the time 
of metamorphosis, and even in the adult frog. A full description and 
discussion of this subject has been presented in a previous publication 
{ÜHENG, 1930). The gonads described contain scanty or no ger
minal elements, and in most cases, they appear to have undergone 
histological changes of sex differentiation despite the abnormal condition 
of their germinal contents. A new case has recently been found (tadpole 
63 days old and 42 mm. totallength). The specimen shows a well-deve
loped left testis, measuring approximately 0,35 mm in length with a 
fat-body in front and a short postgonad behind. Figure 12 shows this 
gland through its greatest diameter, with the left testis for comparison. 
Structurally the abnormal gonad is packed full of mesenchymal cells with 
no definite organization and shows no features which are considered 
characteristic of the ovary or testis. No germinal tissue is found to be 
present, nor is there any identifiable trace of such. The fat-body also has 
not developed on this side. 

Such abnormal gonads as the one above described can hardly be regard
ed as having been induced by starvation, nor as being the result of 
a process of "fatty degeneration" in the interpretation of MARSHALL 
{1884), or sex reversal as claimed by WITScm among others. For a 
review and discussion of literature on this subject, reference should be made 
to our previous paper already quoted. We consider it probable that 
hypogenitalism is primarily an abnormality in germ-cell development, 
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which may be accompanied or followed by other changes in the gonad, 
and which is not necessarily connected with the question of sex differen
tiation or transformation. Cases of hypogenitalism hitherto encountered 
in Rana cantabrigensis favor our conception of a precocious differentiation 
of germ cells. In case the germ cells fail to form, or to migrate to the 
gonadogenic region, or to develop properly in the gonad, there is no 
further differentiation of them from somatic sources at any subsequent 
stage. Consequently, a condition of hypogenitalism is destined to appear. 

Fig. 12. Tadpole 63 days old and 42 mm. Iong. Photographshows a well-developed testis 
on the Ieft side of the body and an atrophled gonad on tbe rigbt. Tbc. material was sectloned 
from behind forward, so tbat the right side of the illustration corresponds to the right 

s ide of the reader, and thE> left to left. 

The occurrence of this abnormality can, thus, be adequately explained 
by, and is, in many respects, indicative of an early Segregation and gene
tical specificity of germ cells. Whether hypogenitalism is a permanent 
condition, or merely a transient feature during a certain period of deve
lopment needs further investigation. Apparently, it may be either, 
depending upon the structural and developmental condition of the gonad 
in question. 

Summary. 
I. The primordial germ cells of Rana cantabrigensis are first asso

ciated with the entoderm during early ontogenesis. They become readily 
recognizable as they come to lie in the mesoderm. 

2. While migrating in the mesoderm, the germ cells are first in the 
form of a median germ cord. They become subsequently shifted laterally 
to form paired germ ridges, one on each side of the body, closely adjacent 
to the dorsal attachment of the gut mesentery. 
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3. The early germ cells are characterized by their location, and by 
their undifferentiated or slightly differentiated condition. 

4. The germ cells migrate en masse. Their migration is mainly passive 
in nature. Evidences are presented which indicate that they may be 
capable of a slight independent motility. 

5. Ectopic germ cells have been encountered sporadically. They 
may degenerate early, or persist to form accessory germinal structures in 
subsequent stages of development. 

6. The germ ridges gradually grow in size and develop into the 
primordial germ glands, each of which is divisible into 3 portions: Pro
gonad, gonad proper or definitive germ gland, and postgonad. 

7. The stromal tissue of the germ gland is mainly composed of cells 
migrating from mesonephric blastema. Rete cords are formed by a 
process of condensation of the stroma cells. 

8. The definitive germ gland takes on the character of an indifferent 
gonad characterized by a cortical germinal layer, and by the presence 
of a primary genital cavity and segmentally arranged rete cords in the 
medullary region. 

9. Germ cells in theindifferent gonad soon begin to multiply. They 
are genetically continuous with the primordial germ cells, and are not 
differentiated from any somatic source. 

10. Evidence from hypogenitalism favors our conception of a preco
cious segregation and genetical continuity of germ cells. 
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sein Sinn und sein Ursprung? Wir sind auch heute noch weit entfernt, den 
dunklen Vorhang heben zu können, aber die wissenRchaftliche Forschung 
hat doch von verschiedenen Standpunkten aus da und dort einen Blick hinter 
die Kulissen zu werfen vermocht. Die Ergebnisse dieser Forschung leicht 
faßlich zu schildern ist die Absicht des Verfassers in dem neuen Bändchen. 

Die Welt der Sinne. Eine gemeinverständliche Einführung 
in die Sinnesphysiologie. Von W. v. Buddenbrock, Professor der 
Zoologie an der Universität Kiel. Mit 55 Abbildungen. VI, 182 Seiten. 
1932. Band XIX. Gebunden RM 4.80 

Die Aufgabe der "Verständlichen Wissenschaft" ist es, ihre Leser, von den 
verschiedensten Gesichtspunkten ausgehend, mit der sie umgebenden Welt 
und ihren Gesetzen bekannt zu machen. Da ist es natürlich von besonderem 
Reiz, wenn wir uns einmal intensiver mit den naturgegebenen Werkzeugen 
beschäftigen, mit denen allein wir Naturbeobachtung treibPn können. Ehe 
wir uns mit dem Mikroskop und ähnlichen technischen Hilfsmitteln ein
gehend befassen, sollten wir alle versuchen, uns über die Fähigkeiten und 
Leistungen unserer Sinne ein klares Bild zu machen, die ja nicht nur für 
das "Was", sondern auch für das "Wie" der Auffassung unserer Umwelt 
entscheidend sind. 

VERLAG VON JULIUS SPRINGER IN BERLIN 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFA1B:2005
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (sRGB IEC61966-2.1)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




