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I. CHROMOSOME NUMBER 

The chromosome number of the pig has been investigated by very 
few workers. WODSEDALEK (1913) found it to be 18 in both the 
somatic cells and the spermatogonia of the male, and 20 in the 
somatic cells and oogonia of the female. HANCE (1917-18) found the 
diploid number in spermatogonia to be 40 in all cases, with 20 as the 
number in the first spermatocytes. He obtained variable results with 
somatic cells, the chromosome number varying from 40 t<:> 58, with 
one case of 74; this variation may be attributed to fragmentation of 
the normal chromosomes. His material was taken from animals 
representing the Berkshire, Jersey-Red and Poland-China breeds. 
HANCE discusses the results of WODSEDALEK and suggests that either 
the method of fixing or the use of material which was dead when 
preserved, caused clumping of the chromosomes, rendering a true 
count impossible. 

KRALLINGER (1931) reports that in the Berkshire and Landschwein 
breeds the diploid number of chromosomes in the spermatogonis is 
38, the first and second maturation divisions each showing 19 chromo
somes. BRYDEN (1933), on examination of material obtained from 
boars of the Large White breed, also found the diploid chromosome 
number to be 38 and the haploid number 19. With regard to sex
chromosomes, KRALLINGER states that in all diploid plates a peculiar 
horse-shoe shaped chromosome occurs which is altogether unlike the 
other chromosomes in the complex. He suggests that this is an X 
chromosome; although he failed to find a Y chromosome, he considers 
that, in all probability, this is represented by one ofthe small chromo
somes in the complex. BRYDEN also assumes that the sex-chromo
somes are of the XY type. 
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KRALLINGER, discussing the difference between his own results 
and those of HANCE, accepts the accuracy of the latter's work and 
concludes that there are two types of chromosome complement in the 
domesticated pig, showing diploid numbers of 38 and 40 respectively. 
He points out that this view is not in conflict with the law of specific 
chromosome number, since the domesticated pig is the result of a 
cross between two species, Sus scrota and Sus vittatus. It is generally 
accepted that most of our modern breeds are descended from Sus 
scrota, with,a variable amount of crossing to Sus vittatus, though 
breeds of the pork or lard type, such as the Middle White or the 
Berkshire, would appear to be derived more from Sus vittatus than 
from Sus scrota. In any case, both HANCE and KRALLINGER obtained 
some of their material from Berkshire pigs and reported in all cases 
chromosome complexes differing in number by two, If KRALLINGER'S 
hypothesis that two types of chromosome complex occur in do
mesticatedpigs be correct, it would be expected that all animals of a 
well established breed would possess the same type. In view of this 
difference between the results of HANCE on the one hand and those of 
KRALLINGER and BRYDEN on the other, the present authors consider 
that the question of the exact number of chromosomes must be left 
open for further investigation. In the meantime, as a working hy
pothesis, 19 and 38 might be accepted as approximately correct for the 
haploid and diploid chromosome numbers in the domesticated pig, 

II. COLOUR 

1. General 

Many, though not all, types of wild pigs are of the agouti colour, so 
commonly found in mammals. This colour is due to varying shades of 
pigment, from yellow to black, forming a banding pattern on each 
individual hair. The young of such pigs are frequently (and possibly 
always) born with longitudinal stripes. 

In the domesticated varieties, three fundamental colours are found, 
black, red and white. So far as is known, the individual hair is always 
of one colour. (TEODOREANU (1922), however, does not confirm this). 
Anyone of these colours may be combined with any other, or all 
three may appear in one animal. The distribution of the colours 
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varies from markings which may cover the "points" ("acra", i.e. 
feet, tail and snout) or extend over half the body, to spotting and 
striping, both longitudinal and transverse. The hairs may be a 
different colour from the skin: a pig with a black skin and white hairs 
is usually designated" blue". The reverse, coloured hairs on a white 
skin, has not been reported. Roaning also occurs as an intimate 
mingling of white and pigmented hairs. Where the pigmented hairs 
are black, the description is "blue roan" or "blue grey"; if the 
coloured hairs are red, the description is "red roan". 

There are, of course, modifications of the basal colours. Black may 
have a red tinge, particularly in a certain light; and some authorities 
distinguish "jet black". White may be "rich", with a yeilow tinge, 
"chalky", owing to an absence of pigment, or "dirty" which is self
explanatory. The greatest range is in red which varies in intensity 
from a deep rich dark colour to a yellow cream. As a rule it is not 
difficult to distinguish the basal colours. It is possible that the 
"sepia" colour reported by WRIGHT (1918) and MCPHEE and ZELLER 
(1925) is not a variation of red but a fundamental colour, as in the 
guinea pig. 

Special mention must be made of "tigering" since this term is 
much employed by investigators on the Continent of Europe. As we 
understand it, the term was primarily used to describe a red pig with 
black markings resembling those of a tiger. It has been extended to 
cover white markings and is now frequently used to describe any 
tri-coloured pig. "Dalmatian tigering" implies a white pig with black 
spots, but as the word "Dalmatian" is frequently omitted by certain 
writers, the connotation of "tigering" has now become extensive. 
Another type of tigering is that termed "juvenile tigering", observed 
in wild pigs. 

In that the basal colours appear to be more easily distinguished, 
the problem would seem simpler than in the horse. And further, 
since the data are drawn not from herd book records, but from direct 
observations of competent observers, an analysis of the inheritance of 
coat colour in the pig should be much easier. This, however, is not the 
case. There exists a multiplicity of breeds of pigs which contain the 
blood of diverse strains from all over the world. The genotype 
governing the same phenotype varies radically from breed to breed 
and even within a breed. In the mating of pigs of different breeds, 
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(unless such a mating has been made before), it is not possible to 
predict with any high degree of certainty the colour of the progeny. 

The purpose of this paper can be served best if the results of the 
crosses between established breeds are first described. Thereafter, we 
can deal with some of the principal theories concerning the mode of 
inheritance of the various colour characters. Except where a special 
note is made, the colours refer primarily to the hair and not to the 
skin. Also, except where special note is made, the results of reciprocal 
crosses, so far as can be ascertained, are the same. 

2. Basal Colour 

a) W hit e X B lac k 
Large White X Large Black gives, as a rule, white progeny with 

blue spots (i.e. white hairs on black skin). In certain matings, a 
proportion (or all) of the progeny has black spots instead of blue. 
Despite considerable experience, the writers have never encountered 
an animal resulting from this cross which did not possess at least one 
black or blue spot. 

Middle White X Large Black also gives white with black spots or 
white with blue spots (as above). Both types may appear from the 
same mating. Black with white points (like the Berkshire) is also 
found, though not commonly. 

American white breeds X Hampshire (black with white saddle). 
LLOYD-JONES and EvvARD (1919) state that the progeny is blue roanr 

i.e. a mixture of black and white hairs growing out of a black skin, 
except in the area covered by the belt, where both hair and skin are 
white. 

German Edelschwein (Large White) X Cornwall (Large Black). 
According to KRONACHER (1924), the Fl ofthis cross is intermediate, 
i.e. blue-grey; the colour may range from white with only a few 
lightly pigmented bristles, to a uniform dark blue-grey. Amongst the 
F 2 are to be found the following: white, black, white with blue spots, 
white with black spots (rare), black with red markings, and black 
tigered with typical red-brown hair on body and legs (rare). The 
backcross of the F 1 to Edelschwein gives white, and white with blue 
spots, while with the Cornwall the result is black, and white with 
blue spots. 
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German Improved Landschwein (white) X Cornwall. KRONACHER 
(1924) obtained chiefly blue roans (with or without longitudinal 
stripes) but also black with white saddle, black with Berkshire 
markings, black and white, white with black spots, fl,nd white with blue 
spots. The black was always deep and glossy. The backcross to the 
Cornwall boar gave self white, "half black", self black, "tiger" (white, 
grey and black), and white-and-black. Three matings of three Fl 
sows to a Cornwall boar gave litters where all the piglings were self 
black, save for white markings on the feet and tips of the tail of a few 
of the animals. 

M angalita (dirty white) X Cornwall. CONSTANTINESCU (1928) re
ports black progeny as but points out that the white of the Mangalija 
differs from that of the Large White and German Edelschwein in 
that unlike the latter, the skin is pigmented. TEODOREANU (1922) 

states that in the hair fibres pigment is accumulated at the tip and 
root, (d. the wild pig in which pigment occurs usually in the middle 
region of the fibre). 

M angalita X Berkshire (black with white pOints) or X Cornwall. Ac
cording to TEODOREANU (1929), the white of the Mangalija is in
completely dominant to the Berkshire and recessive to the Cornwall. 
However, KOSSWIG & OSSENT (1931) found that when the Mangalita 
was crossed with black animals that do not carry the factor for ~iid 
colour (e.g. Cornwall) or with the Berkshire, all the F 1 was always 
wild-coloured; this shows that the Mangalija carry cryptomerically 
the factor for wild colour. 

Large White X Berkshire. The F 1 gives self white pigs. There is no 
reliable evidence concerning the F 2 or backcrosses. 

American white breeds X Berkshire or X Poland-China (black with 
white points). According to SMITH (1913), this cross gives white 
progeny. LLOYD JONES and EVVARD (1919) report self white and 
white with black spots. REED and CHAPMAN (1927) find the progeny 
to be white and only occasionally spotted. SEVERSON (1917) states 
that white with black spots occurs rarely when the parent white 
breed is Yorkshire (Large White) but quite commonly when it is 
Chester White. Prof. LUSH, of Iowa State College, in a letter to the 
present authors, makes the following observation on this cross: 

"So far asIam acquainted with these crosses, the results are almost 
unanimously white pigs, usually with at least a few black spots in the 
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skin but not in the haiL Occasionally there is a purebred Yorkshire 
or Chester White boar which is not homozygous for the dominant 
white gene, and in such cases very nearly half of the progeny will show 
colour of one kind or anotheL It seems to be a safe conclusion from 
the general, though poorly controlled, observations of breeders that 
heterozygosity for the dominant white is rarer in the Yorkshire than 
in the Chester White. However, heterozygous individuals are rare, 
even in Chester Whites". From one such mating, using a Yorkshire 
boar, Professor LusH also obtained a pig white in its fore parts but 
distinctly red in the hind quarters; there might have been some 
doubt of its paternity. WARWICK and BELL (1930) and WARWICK 
(1931) comment upon the mode of inheritance of the black of the 
Poland-China. 

German Edelschwein X Berkshire. According to N ACHTSHEIM 
(1922), this gives self whites, though spotted progeny are also re
ported. KRONACHER (1924 and 1930) confirms this: he obtained some 
red in the F 2 of this cross. 

German Improved Landschwein X Berkshire (white). KRONACHER 
(1924) finds the progeny of this cross to be invariably white. 

b) W hit e X Red 
Yorkshire (Large White) X Tamworth (red). SEVERSON (1917) 

observed that the progeny was white with reddish tints, though white 
with black spots occurred rarely. SPILLMAN (1906) had previously 
stated that the results of this cross;were pure white but with a dark skin 
which showed white spots, and a white belt. An F 1 male X Tamworth 
sow gave 4 Tamworth red and 4 light grey tinged with red. SPILL
MAN'S work indicates that there are two types of self red, as judged 
by the reactions with white. The evidence of REED and CHAPMAN 
(1927) confirms that the Fl of the Yorkshire and Tamworth are 
usually white; this is supported by FROST (1933), who obtained all 
white animals. SIMPSON (1911) found that roans regularly occurred 
as a result of backcrossing to Tamworth. 

Middle White X Tamworth. KRONACHER (1930) reports an Fl of 
24, all white, except one which had a few red hairs on the sacrum and 
forehead and another with two small red spots over the eyes. Later 
(1932), from among 37 piglings'from the same cross, 26 were pure white 
while 11 were white tigered with more or less pronounced red colouring 
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on definite skin areas such as ears, forehead, nape of neck, ribs, back 
etc., which were clearly visible under the hair. In the F 2, the ratio of 
61 non-tigered: 22 tigered was observed. The observations of FROST 

(1933) on a similar cross are in accordance with this. 
Edelschwein (white) X Tamworth. KRONACHER (1930) obtained two 

litters, the Tamworth sows being the same as those used for the 
preceding experiment. In the two litters, two males and two females 
were pure white; the remainder had some few red hairs, some of these 
being "intense" in shade. Dark pigmented spots in the skin were also 
seen in some of the animals. Similar results were reported in 1932. 

Edelschwein X Hall-red Bavarian Landschwein. KRONACHER 

(1924) reports the majority of offspring from this cross to be white, 
but an appreciable proportion of white animals with black spots also 
resulted. In another series of matings observed by the same author, 
several hundreds of such animals were produced and all were pure 
white save five showing red spots. In the F2 and Fa, the following 
were obtained: white, white with black spots, red (with and without 
white markings), and red with black. The backcrosses of the Fl to the 
Half-red produced white, red (mostly a/4 red), red with black, and 
white with reddish stripes. In the adult coat some of these animals 
exhibited a light grey-black tinge in their red coat. The backcrosses to 
the Edelschwein invariably gave white. Wild striping appeared as the 
result of mating two animals produced from the same litter of 
Fl X Half-red. 

Improved Landschwein (white) X Hall-red Bavarian Landschwein. 
KRONACHER (1924) only records the mating of Half-red sows 
and Landschwein boars. The Fl were all white except one animal 
which had large pigmented spots on the ear and on the hind-quarters. 
The pigment had a reddish tinge, the hair on the pigmented areas being 
partly white and partly light red. Among the F 2 of SO animals, there 
were produced 10 piglings with black spots and one with light-red 
hindquarters bearing large black ticks. Others were produced with 
black spots, but the majority were like their white parents. In the 
backcross to the red breed, one Bavarian sow produced a litter of 
6 white: 7 pigmented, while three F 1 litter sisters X white boars 
gave almost exclusively whites. In one such mating, six were white, 
while four had blue spots: in an identical mating the litter sisters 
produced only whites. 
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M angali!a X Tamworth. TEODOREANU (1929) reports the so
called white of this Rumanian pig (which is found throughout south
east Europe) as intermediate when crossed with the red Tamworth. 
KOSSWIG & OSSENT (1931) state that the Mangalita always breed 
true but that the F1 of Mangalita by any colour always gives wild
coloured progeny. 

c) Red X B lac k 
Tamworth. (red) X Hampshire (black with white saddle). FROLICH 

(1913) reports the black and white of the Hampshire as dominant to 
the red of the Tamworth. 

Duroc-Jersey (red) X Hampshire. LLOYD JONES and EVVARD (1919), 

both from observation and planned experiment, were able to show 
that the black colour behaves as a simple dominant to red. 

Tamworth X Large Black. In this cross (FROST 1933), the F 1 were 
mainly red with black spots but a few animals were wholly red. 

Duroc-Jersey X Mulefoot (black). DETLEFSON and CARMICHAEL' 
(1921) report that all the Flare black. The backcross to the Duroc
Jersey gave 19 black : 23 red. The shade of red varied from a cream 
which was almost indistinguishable from white, through lemon and 
yellow to red: these pigs also showed some roaning. One black pig had 
a white spot on the upper lip. Yellow and lemon mated to yellow gave 
cream, yellow and red. Two matings of cream X cream gave 8 
cream : 3 yellow: I red. 

Half-red Bavarian Landschwein X Cornwall (Large Black). KRON
ACHER (1924) found all the F1 to be of a glossy black co~our with 
white markings on the face and fore feet. In the black coat of one young 
pig were seen red-brown stripes (wild stripes) which disappeared 
with age. In the F 2, the following appeared: black with white mark
ings; black with white markings and white shoulder; white with glossy 
red hairs, black tufts· on hind quarters and "tigering"; red with or 
without white markings but always with some small black spots; self 
black; black with red sheen in certain lights. The backcross of the F 1 
boar to a Bavarian sow produced red pigs with white markings, some 
with, and some without, black spots. 

Bavarian Landschwein X F1 Cornwall-Berkshire. KOSSWIG and 
OSSENT (1931) mention that two black-white-red tigered piglings 
occurred among the Fl' The F 2 were as follows: 6 white; 1 black-and-
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white tigered; 2 black with red sheen; 3 red-black-and-white tigered; 
8 completely or partially blue-grey. 

Bavarian Half-red X Berkshire. KOSSWIG and Os SENT obtained an 
F1 spotted black and red. 

Tamworth X Berkshire. WENTWORTH and LUSH (1923) found 10F1 
of this cross to be red with black spots. Compared to the Duroc
Jersey X Berkshire cross (vide infra), the F1 showed less black 
marking; in fact, two pigs showed no visible black. According to 
FROST (1933), in England this cross gives the same result viz., red 
pigs with black spots. 

Duroc-Jersey X Berkshire. According to SEVERSON (1917), this cross 
gives red in several shades, with black spots. This is confirmed 
by LLOYD JONES and EVVARD (1919). WENTWORTH and LUSH (1923) 
obtained in the F 1 yellowish red (in most cases, sandy) animals with 
small black spots scattered irregularly over the body, but somewhat 
more frequently on the underline and rear parts. In the new-born 
pig, a few of these spots were more than a square inch in area, while 
the majority were not more than one third of that size. A fairly large 
F 2 was raised as follows: 47 black and red, 27 black and white, 14 self 
red, 11 black and sandy, 10 black, red and white, 10 black, red and 
sandy, 7 sandy, 7 sandy and white, 6 black, sandy and white, 3 red 
and sandy, 3 red and white, 3 white. The backcross of the F1 boar to 
his own Duroc-Jersey dam gave: 19 black and red, 14 self red, 1 
black, red and white, 1 red and sandy. 

The same writers report two interesting cases of "juvenile striping" 
which they observed in both the F2 and F3 generations of the Berk
shire X Duroc-Jersey cross. Two F 2 piglings, sandy coloured with 
light bellies, showed longitudinal stripes similar in pattern to those of 
the young of the wild hog, except that the coloration was not so 
intense. This striping disappeared within a few weeks after birth. 
They obtained also, from unstriped F 2 parents, an F 3 litter of 11 
piglings, all of which exhibited even more distinctly the striped 
pattern. 

Duroc-Jersey X Poland-China. LLOYD JONES and EVVARD (1919) 
report that the F1 is the same as when the Berkshire is the 
black parent. WARWICK (1926a, 1931) confirms this; he obtained 
an F 2 of 161 red with black spots: 55 red. The backcross to the 
Duroc-J ersey produced 123 red with black spots: 139 red. Matings 
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were made of the non-black segregates: 129 of the offspring were 
non-black, while 5 (from 4 different mothers) had definite black 
spots. Non-black X Duroc-Jersey gave 88 non-black: 2 each with a 
small black spot. 

d) WhitexWhite; RedxRed; Black X Black 
There appear to be no accurate observations reported of the results 

of matings between breeds of the same colour. It may be taken that 
each breed mated to another of the same colour breeds true to that 
colour. The off-type colours which appear in pure breeds are worth 
noting. The white breeds occasionally throw animals with blue spots 
and still more occasionally, with black spots. CONSTANTINESCU (1933) 
obtained a pure white F 1 as a result of crossing Mangalita with Large 
and Middle Whites. In the F 2' the Mangalita white segregated in four 
cases. Tiger striping was observed in both the pure and Mangalita. 
whites, the ratio of tigering to non-tigering being 9 : 7. Thus tigering 
apparently occurred in combination with the white ofthe Mangalita. 
Juvenile tigering appeared in the F 2• KOSSWIG and OSSENT (1931) 
observed wild-coloured animals from the Mangalita X Middle White 
cross. It is difficult to appreciate the distinction between the Man
galita, which is predominantly white, and the blue pig, which has a 
black skin and white hairs. The results of the F 2 and backcrosses, 
while not conclusive, are in accordance with the evidence of those in 
the Fl. Further mention of this cross is made by WALTER in 1929 and 
by TEODOREANU in 1932. Os SENT (1929) obtained similar results: of 9 
pigs, the Fl of these breeds, three were black and six were wild
coloured. 

ERHARD (1902), as quoted by DECHAMBRE (1929), reported the 
appearance of two striped piglings in a litter from two completely 
white parents; the remainder of the litter were pure white. The sire 
was a pure-bred Yorkshire while the dam was a cross Yorkshire X 
Large Ear, the latter breed being described as having a light coat. 
After two months the coats of the two piglings became paler. 

CONSTANTINESCU (1933) states that juvenile tigering seems to be 
due to an accumulation of pigment in certain hairs and consequently 
disappears when these hairs are shed. This striping varies in intensity 
and distribution. He believes that the white Fl from Mangalita X 

Large or X Middle White carry the gene for juvenile striping but do 
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not manifest it owing to the lack of pigment upon which it can act. 
This postulate is supported by the fact that some of the Large White 
sows throw progeny which have yellow spots and show juvenile 
striping on all the spotted areas. 

MCPHEE and ZELLER (1925) report tri-colovred pigs as the result 
of inbreeding Chester Whites. The red breeds have only once been 
reported as throwing blacks. WARWICK (1931), a most reliable 
observer, states that he has seen a number of Duroc-Jerseys and 
Tamworths which definitely showed a small amount of black; of 274 
pure-bred Duroc-Jerseys in one particular herd he observed only one 
that showed any black and this consisted of only a few black hairs on 
the poll at birth. When the non-black (red or sandy) segregates in the 
F 2 of the Poland-China X Duroc-Jersey cross were mated to the red 
Duroc-Jersey , WARWICK reports that out of 90 offspring, only two 
showed black, in each case the spot being small. The black breeds 
occasionally throw some reds and some with considerable white 
markings. Large Black X Berkshire gives black (CARR-SAUNDERS, 
1922). On the other hand, KOSSWIG and OSSENT (1931), from a 
mating of a boar and sow of the Gustin Pasture breed, obtained an 
F 1 of black and tigered in the proportion of 31 : 7, which nearly 
approaches a ratio of 3 : 1. 

3. Wild Colour 

According to FROLICH (1913), the white colour of the Edelschwein 
behaves as a simple dominant to the grey-black of the European wild 
pig, which he found to be dominant to the red of the Tamworth. This 
point is confirmed by SPILLMAN (1906) reporting a backcross of two 
Fl sows from Wild X Tamworth by a Tamworth boar, in which he 
obtained six wild and six red piglings. According to SIMPSON and HER
MANN and HENSELER (see FROHLICH 1913),thejuvenilestripingpattern 
and the wild colour of the old animals are dominant to the red of the 
Tamworth. In all the 38 pigs of the cross involving one wild parent, 
raised by WENTWORTH and LUSH (1923), there were "distinct" longi
tudinal stripes about 1 cm. in width, composed alternately of rather 
light red and very dark brown hairs. These stripes extended all over 
the back and sides but the bellies were a uniform light red. The 4 F 2 

pigs were similarly but not so regularly striped; one had a grey belly 
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and one a reddish belly with black spots. The bellies of the other two 
were like those of the Fl' The backcross out of a Tamworth sow gave 
5 striped: 3 non-striped. Of the five striped, in three the stripes were 
faint and accompanied by black spots on the body. Of the non
striped pigs one was a self red and white, and the other two had black 
spots. The same authors report a cross of Wild X Berkshire which 
gave 17 pigs like the F1 described above but with a fainter red tinge 
and with black spots. These spots were larger than those found by 
the authors in the crosses involving the Tamworth. 

Wild X Improved Landschwein. KRON ACHER (1930) reports the 
mating of a wild boar to six sows of the white Improved Landschwein. 
In one litter, two piglings of the wild colour were obtained, the re
maining six being white; three litters produced only white, while the 
fifth litter proved to be a veritable tartan including blue grey, red, 
and brown (wild colour, striped partly with white hairs). All the 
white pigs from this cross showed decided striping. 

Wild striping has been reported as the result of the F 2 of many 
breeds which have been crossed and also from the short-lived Sap
phire breed. 

Wild X Mangali1a. Mangalija X wild-coloured animals of mixed 
ancestry produced, in the herd of KOSSWIG and OSSENT, an F) all 
wild-coloured. The backcross to Mangalija gave 12 wild: 3 Man
galija. Mangalija crossed with wild-coloured which also had black 
spots gave a wild-coloured F l' of which 25 were spotted and 20 
non-spotted. Mangalija mated to wild-coloured non-black-spotted 
pigs segregated in the F 1 into 50 wild non-spotted: 10 wild 
spotted. 

Wild X Hannover-Braunschweig Landschwein (black with white 
saddle). H...ECKER, as cited by KOSSWIG and OSSENT (1931), reported 
that the offspring from this cross were black with the white belt of 
the Hannover-Braunschweig, while in the F2 there were 4 black: 
2 wild offspring. 

Wild X Berkshire. KOSSWIG and OSSENT (1931) state that the wild 
colour is dominant, the progeny from this cross being all wild-coloured. 
Some of these were spotted. However, the wild-coloured parent, being 
the F 2 from a cross of wild by Hannover-Braunschweig, could only be 
considered as heterozygous. The further mating of 15 wild-coloured 
sows to one Berkshire boar gave, according to the same writers 
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(1932), S2 wild : 8 tigered : S 1 black. This segregation may also be 
considered as S2 wild : S9 non-wild. 

Wild X Black. KOSSWIG and Os SENT made 19 matings of wild
coloured pigs of mixed ancestry with some "mainly black" pigs and 
obtained 238 offspring giving a segregation of 190 coloured : 48 
tigered. A further suggestion of a 3 : 1 ratio was obtained in other 
crosses. 

European Wild X Chinese Mask (black with white feet). The progeny 
of this cross was all black (KOSSWIG and OSSENT, 1931). 

Wild X Half-red Bavarian. The result of this cross made by 
KOSSWIG and OSSENT (1931) was two wild-coloured unspotted Fl. 

DARWIN (1868) notes that the young of wild European and Indian 
pigs for the first six months are longitudinally banded with light
coloured stripes, and that the Turkish and Westphalian pigs have 
striped young "whatever may be their hue". In the chapter on 
"Inheritance", he states that the best known case of reversion and 
that on which the wide-spread belief in its universality apparently 
rests,is that of pigs. "These animals have run wild in the West Indies, 
South America, and the Falkland islands, and have everywhere 
acquired the dark colour, the thick bristles, and the great tusks of the 
wild boar; and the young have re-acquired longitudinal stripes". 

Some interesting information concerning the reversion of domesti
cated to other colours could probably be gleaned from a study of the 
wild pigs of New Zealand. According to THOMSON (1922), there exist 
most exact data as to the introduction of the species into New Zea
land. In June 1773, on his famous second voyage, "Captain FURNEA ux 
put on shore in Cannibal Cove a boar and two breeding-sows, so that 
we have reason to hope this country will, in time, be stocked with 
these animals, if they are not destroyed by the Natives before they 
become wild, for, afterwards, they will be in no danger". In the 
following year, it is recorded that none of the pigs could be found and 
it was concluded that since few Natives came that way, the pigs had 
retreated into the thickest parts of the woods. In 1773, Captain COOK 
gave a few pigs to some Natives near Cape Kidnappers. Thus pigs 
were introduced into both the South and North Islands. The pigs in 
the South Island set free at Cannibal Cove later got the nickname of 
"Captain-Cookers". There was a further introduction by Governor 
KING, of New South Wales, to the Bay of Islands in 1793. Presuma-
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bly these and subsequent importations consisted of domesticated 
pigs, i.e. pigs of non-wHdcolouL The increase of the wild pigs in pre
settlement days was remarkable. Nearly every sealing and whaling 
vessel which visited these Islands between 1800 and 1830 took away 
quantities of pork. Later the pigs became a pest and their extermi
nation was sometimes contracted for by experienced hunters; it is on 
record that three men in 20 months on an area of 250,000 acres, killed 
no fewer than 25,000 pigs. 

At the present time wild pigs are still common in nearly all scrub 
or thin bush country which is not too near a settlement. The wild 
pigs of the Otago district are reported to have been "originally a 
variety of the Tamworth breed -long-snouted,razor-backed, built for 
speed rather than for fattening, quick and agile in movement". Their 
colour was red or sandy red, with some black, and there were also a 
few black and white. They did not appear to have reverted to the 
wild coloration. Other evidence points to the fact that wild coloration 
is unknown amongst these pigs. 

4. W hit e Mar kin g s 
White Points-Berkshire. According to WENTWORTH and LUSH 

(1923), the Berkshire crossed to the Tamworth and the Duroc-Jersey 
gives pigs showing no white. Out of an F2 numbering 145 (omitting 
self whites), there were obtained 92 without white: 53 white-spotted. 
The backcross of the Berkshire-Duroc-Jersey boar X Duroc-Jersey 
sow produced 35 offspring, one of which showed white markings. 
CARR-SAUNDERS (1922), mating Large Black boars X Berkshire sows, 
obtained self colours, while the reciprocal.cross gave in the Fl a 
gradation from self black to spottin~ in which the white coat was 
evenly divided into black and white patches. The limited experience 
of the present writers is that the reciprocal cross gives self colours. 
We have also observed the Berkshire marking as the occasional 
result of the cross between the Large Black and Middle White. 
NACHTSHEIM (1922) states that Berkshire X white usually gives 
white, rarely spotted, and never black. 

In this connection the breed called the Kentucky Red Berkshire, 
must be mentioned. Further reference to this breed is made on page 
28. 

Self colour black and red breeds are always liable to throw animals 
Bibliographia Genetica XII 2 
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with white spots, especially at the extremities. In several breeds, 
white feet are not uncommonly found though their occurrence is 
seldom reported. EVANS (1930), in America, indicates the hereditary 
nature of this, and the present authors have observed it in Great 
Britain. NORDBY (1934) has made a study of white spotting in pure
bred Duroc-Jersey swine. This is liable to occur on the extremities 
and is associated in some cases with a partial or complete saddle. The 
condition appears to be intensified by inbreeding. Experimental 
matings were made, both of self-coloured pigs known to have 
produced white-spotted offspring, and of pigs showing white on the 
extremities. In all, 196 pigs were obtained in 21 litters, of which 128 
were self red and 68 were marked with white on one or more of the 
feet. In addition, one pig showed a complete saddle and one an 
incomplete saddle over the shoulders and fore-ribs; one exhibited a 
saddle over the rump; three showed white tail-tips, and one had a 
small blaze over the forehead. It is interesting that in son X dam 
matings, 60 per cent. of the offspring, and in full brother X sister 
matings, 50 per cent., showed white markings. 

Saddle. SPILLMAN (1907b) found the saddle of the Hampshire to be 
dominant over self colour and this has been confirmed by FROLICH 
(1913), in a cross with wild, SIMPSON (1914), LLOYD JONES and 
EVVARD (1919), and DURHAM (1921). In crosses between the Hanno
ver-Braunschweig and the wild pig, KOSSWIG & OSSENT (1931) 
obtained progeny which were black but carried the white belt of the 
former breed. HOBSON (1931) has produced a breeders' symposium on 
this subject. The saddle behaves in the same manner as the belt in 
cattle, though whereas in the latter the belt occurs between the fore 
and hind legs, in the pig it is feund on the shoulder and includes the 
forelegs. As in cattle, there is great variation in the size of the belt, 
while in crosses with self breeds it is often considerably diminished. 
From an historical point of view, it is worth noting that this has been 
cited as evidence of "gametic impurity". Attention must be drawn to 
the fact (reported above) that NORDBY (1934) has found in the self
coloured red Duroc-Jersey breed pigs exhibiting saddle amongst 
a strain showing other white markings. 

Half-coloured. KRONACHER (1924) reports matings which in
volved the Half-red Bavarian Landschwein. Such an animal 
possesses white points, a white underline and a broad white shoulder 
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together with a white face; there were also some with coloured 
markings round the base of the ears. As the Edelschwein to which 
they were mated possessed a dominant white, no information could 
be obtained from the Fl' In the F 2, a few animals were half-coloured, 
with varying amounts of white on the face, a white saddle, white 
feet, and black ticking over the whole body. The backcross of the 
F I X the Half-red dam produced a variety of white markings on the 
coloured offspring but again no typical Half-red appears to have been 
recovered. The same author, in the mating of the Cornwall X Half
red, obtained' an F I of self blacks. Again in the F 2 a variety of white 
markings was observed while in the backcross to the Half-red, the 
half-red pattern was obtained. KRONACHER observes that the factor 
for the "half pattern" acts only upon red. 

White Face. The "Hereford Hog" once appeared in the United 
States of America. A Journal was published in its support and a 
claim was made that the breed was resistant to swine fever. Prof. 
LUSH writes: "For the last ten or fifteen years there has been an 
attempt to start a breed of hogs known as Hereford Hogs centering 
around the town of La Plata, Missouri. The exact date of origin was 
some time before 1919. I first saw them in 1921. These pigs are red 
with white feet and faces and often a white tail, hence the name. 
The amount of white is distinctly greater than in the standard 
Berkshire or Poland China marking, and very often pigs are produced 
which are distinctly red and white spotted with the white on other 
parts of the body". We believe that specimens of this breed are still 
to be found in Missouri. 

Roaning. As already noted, roans may arise in a variety. of ways. 
SIMPSON (1914) obtained this colour in the backcross of Y orkshirej 
Tamworth X Tamworth. It appears regularly in the F I of the 
crosses in which the Hampshire is involved with white breeds. 
McLEAN (1914) reported that the Sapphire Hog, which was a 
"blue" roan, had a very complex pedigree containing Hamp
shire, Berkshire, Essex, Chester White and Duroc-Jersey blood; the 
Tamworth and Poland-China are reported to be quite free from blame 
in respect of the paternity of this breed, some descendants of which 
are reported to be still alive. There is some reason to believe that the 
colour did not breed true. It was in connection with this breed that 
"Mackerel marking" has been mentioned. Professor A. L. ANDERSON, 
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of Iowa, informs us that the booklet of the Association of Breeders of 
the Sapphire hog states as follows: "The animals are rich blue or 
bluish grey in colour, differing in but one very essential feature from 
any breed ever produced. The colour may be called blue grey, blue 
roan or iron grey". WENTWORTH and LUSH (1923) point out that as a 
general rule, roans appear at birth to be self-coloured, the roaning 
becoming evident at weaning time. 

Spots. The spotted pattern of the Spotted Poland-China and Glou
cester Old Spots appears to be black spots on a white ground rather 
than white spots on a black ground. The black spots are reported in 
the F2 of a variety of crosses and appear to behave in a recessive 
manner (See also MALSBURG 1924). Apparently they are the same as 
the black spots on sandy ground which are characteristic of the 
Tamworth X Large Black cross, and which have been already 
described in the Duroc-J ersey X Berkshire and Duroc-Jersey X Po
land-China crosses. In this connection, WENTWORTH and LUSH (1923) 
state that in many cases sandy may be substituted for white. Pro
fessor A. L. ANDERSON has kindly sent us a photograph of a Hamp
shire boar which had been in use in the Iowa College herd. When this 
boar was a little over two years of age, he developed spotting which 
increased in intensity until the time he was disposed of some six 
months later. Professor ANDERSON reports that he has located three 
other animals of this same breed which turned a similar colour; he 
states that he has heard of the condition in the Duroc-Jersey breed. 
Judging from the photograph, the animal developed white spots on 
the black skin and hair, giving the appearance of large snow flakes 
on a black ground. 

Sepia. MCPHEE and ZELLER (1925) describe a sepia coloured animal 
obtained by inbreeding Poland-Chinas. The colour appeared to be 
a simple recessive to black. As already noted, sepia may possibly be 
a distinct and fundamental colour. 

Albino. As far as can be ascertained, no albino pigs have ever been 
reported. 

5. A n a I y sis 0 f Res u Its 
Hitherto the present writers have dealt with facts as reported 

by observers. Upon these facts the following observations may 
be made: 
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White appears to be genetically the same in all breeds, the only 
exception being the "dirty white" of the Mangalita. 

There exists a number of different blacks. The Hampshire, Large 
Black (Cornwall), Hannover-Braunschweig and the Gustin Pasture 
do not behave as though of similar genetic constitution. It is difficult 
to determine how much of this variation is due to heterozygosity for 
other colours masked by the black. The black of the Berkshire and 
the Poland-China is definitely distinct from that of the other black 
breeds. 

As regards red, there are almost certainly at least two genotypes 
for this colour. Probably there are also modifiers which, however, 
have a lesser effect than those major modifying factors affecting 
black. On the other hand, the difference between the various red 
breeds may be due to a heterozygous condition of certain cryptomeric 
factors. This is probably only another way of writing the previous 
sentence. 

The wild colour can be extracted from matings involving white, 
black and red parents, either in the F lor the F 2' depending probably 
on the homozygosity of the parent breeds. The wild striping can 
certainly be so obtained and possibly also the agouti. 

The Berkshire and Poland-China markings are probably not white 
marks on a black body. 

The white saddle (or belt) is a simple dominant to self colour. 
SPILLMAN'S (1907a) results, however, demand two pairs of factors and 
in any case the action of modifying factors which affect the extension 
of the belt. NORDBY (1934), who obtained white saddled pigs from a 
self-coloured breed, explains that "the factors for belting. are in
dependent of those for colour. However, the belt cannot appear in 
the absence of restriction factors for red, as these apparently permit 
white to come into evidence." 

Half pattern behaves in a recessive manner. This is possibly the 
same as the white face of the Hereford hog. 

The following writers deserve particular mention for their work in 
attemptil}g to resolve this problem of colour inheritance. From 
America comes the wor k of SEWALL W RIG HT followed by that of WENT
WORTH and LUSH, and from Germany the work of KRONACHER, and 
subsequently KOSSWIG and OSSENT. The findings of WRIGHT are 
fully discussed by WENTWORTH and LUSH in their series of papers 
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which embody a great deal of the earlier work. KRONACHER reached 
conclusions differing from those of WENTWORTH and LUSH principally 
in detail. On the publication of the findings of KOSSWIG & OSSENT, he 
re-examined his data (KRONACHER & OGRIZEK 1932) and came to the 
conclusion that they confirmed those of KOSSWIG & OSSENT. His 
former conclusions are therefore not described but any future in
vestigator should make a point of studying his exceedingly com
prehensive papers which are full of illuminating points. 

Accordingly, there are two sets of conclusions which deserve closer 
study, those of WENTWORTH and LUSH, and those of KOSSWIG and 
OSSENT. These are therefore summarised. The observations of the 
present authors will be found in the parallel column. 

TABLE I. INHERITANCE OF COLOUR. 

WENTWORTH and LUSH 

Wild Colour. 
1. Factor for immature strip

ing (adult agouti), simple domi
nant to red and to bIack. 

2. A recessive intensifying 
factor. 

Black Spotting hypostatic. 
A factor subject to modifying 

factors, e.g. Wild X Tamworth 
(red) frequently gives black
spotted progeny. This factor only 
manifests itself in certain combi
nations though it may be present 
in others. 

The Berkshire and the Poland
China are black-spotted pigs 
with independent factors ex
tending the black. This behaves 
as dominant in crosses with red 

Remarks 

The presence of two types of 
wild marking is supported by 
DECHAMBRE. 

Black spotting can be taken to 
correspond with what KOSSWIG 
and Os SENT call tigering. 

Investigators are generally 
agreed on this point. 
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and as recessive in crosses with 
self white. 

Black, self. 
Dominant to red and recessive 

to white. 

White, self.' 
Dominant over all other co

lours and probably dependent on 
a single factor. 

N .B. In certain crosses with 
reds and with blacks, roan is 
obtained. 

Red, self. 
Two kinds genetically distinct 

in relation to self white. Duroc
Jersey carries two factors which 
act cumulatively. 

Red Spotting. 
Three types. 
1. Roan. 
2. Irregular spots on lighter 

ground. 
3. Lighter coloured belly. 
The white of the Berkshire 

and Poland-China is a red or 
sandy diluted by accumulated 
modifying factors. This white 
appears to be entirely distinct 
from the self white and the white 
saddle of the Hampshire. 

Further evidence shows that 
the position is not quite so simple. 
This explanation cannot account 
for all the cases noted. 

Except as regards Mangalija. 

The only alternative to this 
solution would appear to be the 
same fact stated differently, viz. 
only one red but it can carry 
cryptomerically factors affecting 
other genetic constitutions. 

The conclusion that Berkshire 
and Poland-China are really red 
pigs with black spots is one which 
practically every competent in
vestigator has reached. 
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White Saddle. 
Dominant over absence but There is no dispute on this 

influenced by modifying factors. point. 

The conclusions of KOSSWIG & OSSENT (1931), as revised in 1933, 
are as follows: 

Allelomorphic Series 

Rubep - Epistatic black e.g. 
Hannover-Braunschweig 

Rub"IYP - Hypostatic black e.g. 
Cornwall (Large Black), Gustin 
Pasture. 

rub,• - Tigering - i.e. red with 
black spots, e.g. Berkshire X 
Poland-China in association 
with modifying factors. Also an 
alternative constitution for the 
self red of Tamworth and 
Duroc-Jersey, in association 
with factors for restriction of 
red. This gene can also account 
for red-black-and-white-tiger
ed, black-and-white-tigered, 
red-and-black-tigered, red
and-white-tigered, and white. 

rub-Red. 
e.g. Half-red Bavarian Land
schwein. Also alternative con
stitution for Tamworth and 
Duroc-Jersey. 

U . 'ld {Linked to Rubep 
n~ - WI 

and Rub"yp 

Remarks 

Only a dominant black can ac
count for the col()urs of the 
progeny involving the Hannover
Braunschweig. The Hamsphire 
is probably of the same consti
tution. 

In agreement with WRIGHT 
(1918) and with WENTWORTH 
and LUSH (1923). 

Two possible genotypes for the 
red phenotype is in agreement 
with WENTWORTH and LUSH. 

This is required to explain the 
wild progeny in the Fl or F2 of 
black and red crosses according 
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· 'ld {Linked to ruba 
un~ -not WI d b an ru 

The linkage is strong and no 
crossing over has been re
ported. 

Modifying iactors for all the 
above. 

Ila - Dirty white of Mangalita is 
caused by a recessive factor, 
epistatic to all colours except 
perhaps Rubw 

Col and Real - Two dominant 
complementary factors causing 
the white of all the white 
breeds except Mangalita.There 
may be more than two of 
these. 

Hom - White belt, simple domi
nant over absence, subject to 
modifying factors. 

M on - Half colour, simple 
recessive to self colour. An
terior half of pig is white. 

to whether the black is epI
static or hypostatic. 

In effect wild colour must be 
carried cryptomerically in a 
black phenotype but not in a red. 

The existence of two types of 
wild colour is not disputed. 

This appears reasonable. 

No dis;pute. 

No dispute. 

KOSSWIG & OSSENT draw attention to the fact that their hypothe~ 
sis is analogous to the mode of inheritance of colour in rodents and 
mention a paper by HALDANE (1927) in which the colour series of 
rodents and carnivores are compared. The agouti (Aja series of 
English writers) is represented by Unijuni. The E series of English 
writers is analogous to Rubhyp rubti .••. rub allelomorphic series, 
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while the English C (albino) series is perhaps represented by the 
sepia reported by MCPHEE & ZELLER (1925). 

It is not the putpose of this paper to formulate a definite conclusion 
unless there is a general concensus of opinion that this conclusion is 
correct, nor to adumbrate a new theory. There can be no doubt that 
KOSSWIG & OSSENT have made a good case for. their interpretation of 
the mode of inheritance of colour in the pig. It suffers, however, from 
the fact that one genotype, rub,. rubtt , covers such a variety of pheno
types, and one phenotype, black, requires a variety of genotypes. 
There is much to support their conclusions and quite possibly they 
are correct, but we submit that on many points further investigation 
is desirable and that until the phenotypes constituting the genotype 
rub,. rub,. have been reduced to order, it will not be possible to 
promote the hypothesis to the rank of theory. 

There remain yet one or two points which require to be cleared up. 
As regards black X white, the usual result is that the progeny have 
blue spots, but occasionally it happens that these spots are black. In 
cases where black spots appear in the offspring, CREW (1924a) 
found that, if a sufficient number of matings be considered, blue
spotted and black-spotted offspring occur in equal numbers. He 
suggests that the blue-spotted condition may be due to the presence 
of a dominant dilution factor which turns black into blue. When the 
Large White male (this cross is almost invariably made by mating a 
Large White boar to Large Black sows) carries this factor in the 
duplex state, all the Fl generation are blue-spotted. If, however, the 
Large White sire carries this factor in the simplex state, some of the 
F 1 generation are black-spotted. Without definite reason, black
spotted pigs are disliked by English feeders and curers. The assumption 
at present held by many breeders that these blue-spotted and 
black-spotted pigs do not breed true has not been adequately 
verified. It is of some importance to find out whether the black-spotted 
pigs resulting from the Middle White X Large Black cross can be 
made to breed true and so become like the Gloucester Old Spots or 
Spotted Poland-China. 

The spotted breeds such as the Spotted Poland-China and the 
Gloucester Old Spots must be genetically allied to the black breeds 
with white markings such as the Berkshire and Poland-China. The 
difference between these breeds, so far as colour is concerned, seems 
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to depend on the action of the different modifying factors. WRIGHT 
(1918) appears to have been the first to suggest that the Berkshire 
is a modification of the tortoiseshell (tri-colour) pig, and it is 
interesting to note how his hypothesis has stood the test and is used 
by WENTWORTH and LUSH, KRONACHER, and also by KOSSWIG and 
OSSENT in their interpretations. In this connection, DETLEFSON and 
CARMICHAEL (1921) state that the yellow pigment which they ob
served by microscopic examination in the hair of their cream pigs, 
was also found by them in the white hair of Berkshires. 

Roaning is· probably a modification of the "blue" spots. The data 
- or rather lack of data - concerning the "Sapphire Hog" confirms 
this (McLEAN 1914). 

In strong support of the hypothesis that the Berkshire and Poland
China black is of a different nature from that of the other black 
breeds, and is merely an extended form of black spotting, is the fact 
that the Duroc-Jersey (red) crossed with the Berkshire produces red 
pigs with black spots, but when it is crossed to a black breed the 
black colour is dominant. WARWICK (1931) described the results 
obtained in crossing Poland-China or Berkshire pigs with Duroc
Jerseys or Tamworths. In all, 131 F 1 offspring were produced <Hld all 
exhibited a certain amount of black. The F 1 did not carry as much 
black as their black parents, the total amount being approximately 
half or even less. In body colour, they were red or sandy with black 
spots of various sizes. There were produced 216 offspring from mating 
of heterozygous X heterozygous, 262 offspring of heterozygous black 
X non-black, 134 offspring of non-black segregates inter se, 90 

offspring of non-black segregates X pure reds, and ;274 pure 
Durocs. WARWICK explains that the ratios of black to non-black 
agree very closely with a monogenic hypothesis. Eight black indi
viduals occurred in the progeny of non-black X non-black matings. 
These can be accounted for by the action of multiple factors which 
determine the amount of black when the factor for black is present. 
It is therefore possible for a pig to be free from black but to carry the 
dominant factor for black. 

KRONACHER has an interesting note to the effect that linkage 
occurs between red and half-colour on the one hand, and black spots 
and some modifying pattern factor on the other. In this connection it 
is interesting to draw attention to the Kentucky Red Berkshire 
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which, according to RUSSELL (1922), is indistinguishable from the 
ordinary Berkshire except in colour. Professor A. L. ANDERSON who 
has kindly made enquiries concerning these pigs, informs us that 
this breed is still in existence. It appears to trace directly to the "Red 
Hog" of the Southern States and is reported to be free from admixture 
of blood of other breeds. Professor ANDERSON states that in 1930, 
at the Missouri State Fair, he saw a Berkshire sow that was quite red. 
That such a combination definitely does occur strongly supports the 
possibility of linkage between the pattern factor and colour. 

Similarly, the possibility of fairly close linkage between "half 
colour" and red is not to be lightly dismissed. Crossing-over h<;l.s 
produced the "half blacks" described by KRONACHER (1924). He 
mentions the occurrence of half-black pattern in Improved Land
schwein pigs that resulted from the mating of an Improved Land
schwein sow and boar. This is ascribed to the influence of two 
Bavarian Landschwein sows used several generations previously. 
On examination, it was found that the Landschwein sow had a Half
red Bavarian as a maternal grand-dam, and the maternal grand-sire 
of the boar possessed a great number of dark blue spots on its 
back. The reason given for the occurrence of the half-black is 
that in the fertilisation of the ova of the sow there occurred an 
association of factors which combined the factor for black with the 
characteristic pattern factor of the Bavarian Landschwein. 

With regard to the white spotting and white saddle sometimes 
found in pure-bred Duroc-Jerseys, NORDBY (1934) considers that the 
white extremities and white saddle must be regarded as two distinct 
patterns. Further, the genetic expression of either of these patterns 
cannot be explained on the basis of a single set of factors. The white 
involved in each case entirely replaces the red. NORDBY is of the 
opinion that white on the extremities in the Duroc-Jersey is inherited 
in a similar way to the "six white points" of Poland-Chinas and 
Berkshires, and the saddle pattern in Durocs is probably inherited in 
a similar manner to that of the Hampshire. He cites WENTWORTH 
and LUSH (1923), who found that red pigment depends on the 
complementary action of two factors, one for sandy and one which 
intensifies sandy to red, and that the absence of both of these factors 
produces white. NORDBY concludes his discussion by stating: 

"In all probability the explanation for the variations in amount, 
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pattern and location of white will have to be referred both to non
genetic influences and to complex modifiers as they affect the 
restriction .for red." "The inheritance of white-spotting is apparently 
not due to a simple recessive gene, unless there are factors that 
determine location, which are inherited independently of the modifiers 
that restrict the red in such a way as to interfere with the normal 
ratio." 

Despite the intensive experimentation which has been carried out 
in Germany, there is still room for further enquiry and we would 
draw tJ:re attention of those in charge of experimental herds to a 
piece of research which can be carried out simultaneously with 
one of economic importance: the mating of Tamworth or Duroc
Jersey to Berkshire or Poland-China carried into an F <1 would not 
only provide some extremely useful information as to colour, but 
would be of assistance in an analysis of the inheritance of economic 
qualities such as the bacon type, carcase percentage and economy of 
live weight gain. 

KRONACHER has written - "There are great difficulties in ex
perimentation with domestic animals and especially pigs. These 
difficulties consist partly in that one can hardly find animals that 
would be homozygous for some doubtful character because in the 
course of time numerous breeds have been intercrossed and still carry 
in their germ plasm hereditary factors received from the variou!'! 
breeds." 

In regard to its colour, it is the cryptomeric heterozygosity of the 
pig that is making analysis so difficult, despite the prolificacy of the 
species. At the moment we must refrain from synthesis. The hope of 
the writers is that this summary will be of assistance to those who 
make the further much-required analysis. 

6. Colour in relation to other Qualities 

There are various reports concerning the association of colour with 
productivity and hardiness. KRONACHER (1924) states that animals 
of pure colours, white and black, particularly the latter, are less 
hardy than those showing red or a combination of two pigments'. 
There are many other similar observations; many ofthemare contra
dictory and none are based on sufficient evidence. DARWIN (1868) 
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says "In the Western countries of England the prejudice a§ .... 
white pig is nearly as strong as against a black one in Y orkshir.e l , .. de 
further noted that all the pigs in certain parts of Virginia were black; 

_animals were fed on the roots of the Laehnanthes tinetoria which 
coloured their bones pink, and, excepting in the case of the black 
v .ieties, caused the hoofs to drop off . 

. J1 Great Britain the curers have expressed a definite preference for 
white-skinned pigs. This is apparently for two reasons: In the f:· 

pla~, because it is claimed that black-skinnedcarcasesareuf' .:ly, 
and secondly, because the black skin is associated, though not 
invariably, with "seedy cut" (ct. p. 65). 

Professor LUSH informs us that the general experience of breeders 
in the United States has been that pigs with white skin are more 
susceptible to sunburn and blistering than pigs with coloured 
skin. This trouble is not important except in regions where, at times, 
there is heavy dew or rain and the pigs in a thoroughly wet condition 
are exposed to the rays of the sun. The affection is more extreme in the 
southern than the northern states, and has been one of the reasonS 
why the white breeds have never become numerous in the south. 
For this reason the black pig is definitely preferred in many parts of 
New Zealand. Against this we may put the fact that of the British 
pigs exported to the Northern Territories of the Gold Coast, West 
Africa, the white breeds appear to suffer remarkably little from the 
sun. Perhaps the solution to the problem lies in the rays of the sun. 
Whereas in West Africa it is practically essential that the European 
human should wear a sun helmet, in British Guiana, in the same 
latitude but on the opposite side of the Atlantic, sun helmets are not 
regarded as a sine qua non. If this be correct, it is another illustration 
of the intimate connection between heredity and environment. 

III. H A I RAN D SKI N 

1. Hair, Skin and Sebaceous Glands 

TEODOREANU (1931) who made a microscopic study of the hair and 
skin of several breeds, finds that, compared with any other breed, the 
Mangalija has a greater ratio of down hairs to bristles. In the pig 
there are two types of sebaceous glands; one is rudimentary and the 
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1;,. aTe located at the base of the legs, tail, down hair and shoulder, 
wI the other is fully developed, the glands having five or six lobes. 
The sweat glands vary with the breed. In the Mangalita and Berkshire 
the body of the gland is built of longish tubules, while in the 1:: r, 

colnshire and Cornwall the tubules are shorter. The same writp" 
(1930, 1931) has described at some length the structure of the bris s 
in different breeds, and in a later paper (1932) discusses the relai e 

.1iness of the hair of various breeds. He finds the curliness of the 
M::t ';ta to behave as a recessive in crosses with the Berkshire type 
of coat, and-as an intermediate in crosses with the Cornwall. Density 
versus absence of hair (Lincoln and Cornwall) also shows an inter
mediate type of transmission. RHOAD (1934) reports that the curly
haired condition (which he calls "woolly hair") in the native Canas
strao breed of Brazil is clearly inherited as a monogenic Mendelian 
dominant and in outcrosses no trace of an intermediate condition is 
found. During the course of an investigation on the F 1 ot Man
galita X Large White and X Middle White crosses, CONSTANTINESCU 
(1933) observes that the coat of these crosses is composed of only one 
type of fibre, whereas the pure Mangalita has two types. Curling, 
although present as in the pure Mangalita, appears at a later date. 
The dark pigmentation of the snout, hoof and skin of the Mangalita 
seems to be recessive. 

HOFLIGER (1931) carried out a detailed study of the hair and skin 
of the wild and domesticated pig. He found that the more highly 
improved the pig, the more it differs from the wild as regards hair 
and skin structure. The wild type appears to exhibit a greater range 
of variation in the length, thickness, and pigmentation of tl?-e bristles, 
which are coarser, longer and thicker than those of the improved pig. 
The stiff bristles are straight, but the soft ones are often slightly 
twisted. In the wild type, there is also a greater development of the 
sebaceous glands, and the muscles of the follicles (arrectores Pili) are 
larger; the number of sweat glands is approximately the same but 
they are more scattered. Domestication appears to reduce the degree 
of pigmentation, as in the wild type the hair, skin, and hoofs are 
more deeply pigmented. 
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2. Rose 

The term "rose" is applied to the swirl of hair sometimes seen on the 
posterior end of the back above the loin. CRAFT (1924-26) states that 
a mating of a sow with a pronounced swirl and a normal boar 
produced eight swirled boars and no swirled sows. Among 20 F 2 

offspring, only two swirled boars were observed. Later (1927-30), 
the evidence obtained from 268 pigs indicated that the hair swirl is 
hereditary and is transmitted through both the sire and the dam. 

At the Idaho Experiment Station the occurrence of whorls received 
the attention of NORDBY. In the 100 cases observed by him (!932a), 
affected areas appeared to be limited to the neck coupling at the 
top of the shoulder, the loin, and the rump region. He analysed data 
from 27 litters with a total of 253 pigs, 194 of which were free from 
whorls and 59 had whorls. Further, 30% of the affected pigs were 
found in 22 litters from sows who either were themselves affected or 
were known to be carriers. Again, when both parents were affected, 
46% of the progeny were also affected. These results are explained 
by the action of two pairs of factors, probably dominant, Wand W', 
both of which must be present in either a duplex or a simplex state 
for the character to be manifested. In conclusion, the author states 
that whorls transmitted by parent to offspring are usually similarly 
placed on the offspring. 

M'PHEE (1932) has obtained whorls by means of inbreeding even 
when this character was not known to exist in the foundation stock. 

IV. P H Y S I 0 LOG I CAL C H A R ACT E R S 

1. Blood 

A very limited number of investigations appears to have been 
undertaken in connection with the physiology of the pig, and still 
more limited is the work along those lines bearing directly or in
directly upon the genetical aspect. However, brief mention will be 
made of those papers which were available to the writers. 

There are very few references to blood groups in the pig. FISHBEIN 
(1913) and WESZESKY (1920), (quoted by HERLYN, 1928), identified 
the presence of groups, which, however, they were unable to classify 
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systematically. SZYMANOWSKI, STETKIEWICZ and WACHLER (1926) 
examined several hundreds of blood samples and found there were 
three groups as follows: I AO; II 0 anti-A; IIIOO. BERCZT (quoted 
by DOHRMANN, 1930) confirms this classification. 

DOHRMANN (i 930) failed in an attempt to establish a relationship 
between breed and the distribution of blood groups. This failure he 
attributes to the mixture of blood in the course of the development 
of the individual breeds. His results are as follows: 

Group I Group II Group III 
Breed 

I I I No. % No. % No. % 

Mangalita . 104 38.2 82 30.1 86 31.6 

Yorkshire. 70 36.6 57 29.8 64 33.5 
Berkshire. 10 38.5 8 30.8 8 30.9 
Improved German 

Landschwein 9 36.0 8 32.0 8 32.0 

SCHERMER (1929, 1930) obtained three groups: one possessing an 
agglutinogen; one possessing an agglutinin and the third possessing 
neither. This is represented as follows: lAo; II OIX.; III 00. (d. SZY
MANOWSKI, STETKIEWICZ and WACHLER (1926) above). SCHERMER 
states that the reactions are remarkably definite in the pig compared 
with other animals. 

In an investigation of 628 pigs, SCHOTT (1931) was able to place 
592 of them into the three types of blood groups, Ao, OIX., and 00 re
spectively; the remaining 36 animals could not be grouped. SCHOTT 
suggests that there may exist a correlation between blood groups on 
the one hand and fertility and weight of pigling on the other. Further, 
he states that Mendelian laws appear to apply to the blood groups of 
the pig. 

SCHERMER and KAEMPFFER (1932) carried out experiments to 
ascertain the mode of inheritance of blood groups in the pig, using 
the Hannover Improved Landschwein breed. Their results are shown 
in the following table: 

Bibliographia Genetica XII 3 
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en Group of Progeny bO 

~ ~ .;:: ·s Ao 00 00( P-en 
Parents cO ..... 

~ 
..... 
0 ..... +> 

, , 
0 +> +> ..... 

~ ~ ~ 0 
0 No. v v No. v v No. v v u bO u bO 0 Z ... cO ... cO u bO ... cO Z v V <ll Po. Po. Po. 

Ao X Ao 16 56 61.8 18 20.2 16 18 89 
Ao X OIX 71 134 52.1 30 11.7 93 36.2 257 
Ao X 00 11 21 65.7 5 15.6 6 18.7 32 
OIX X OIX 24 - - 5 5.6 84 94.4 89 
OIX X 00 13 - - 12 27.3 32 72.7 44 

-- --~ 

Total 135 211 41.1 70 13.7 231 45.2 511 

SCHERMER and KAEMPFFER deduce from these results that the 
factor governing the presence of the agglutinogen A (Group I Ao) is 
dominant over its absence (Groups II and III OIX and 00). Similarly, 
the factor for the presence of the agglutinin IX (Group II OIX) is dominant 
over its absence (Groups I and III Ao and 00) but it is hypostatic to 
the factor for agglutinogen A and therefore IX-bearing offspring may 
result from matings of Ao parents. They state that the genes for A 
and IX are not allelomorphs and show no indication of linkage, and 
conclude that blood groups depend for their inheritance upon the 
action of two independent pairs of factors KAKa and SO(So. Their 
experiments are concerned with the three blood groups already 
described, but in the course of this work they claim to have obtained 
evidence of the existence of a fourth group, so that the four groups 
present in man are also present in the pig. 

2. Metabolism 

A paper of interest is that of DEIGHTON (1929) who carried out 
metabolic studies on a Berkshire and a Midddle White pig from 
weaning until maturity. Evidence of an interchange of thermic 
and dynamic energy (which is partly due to increased activity of 
the animals when on a sparse diet, and partly to the preferential 
demand for blood oxygen), has led him to believe that it is almost 
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impossible to calculate an accurate maintenance ration. The metabolic 
differences are thought by the author to be characteristic of the breed 
rather than the individual. 

3. Thyroid 

HERMANN (1932), investigating the thyroid of the domesticated 
and the wild pig, found that the glands show great similarity but 
with certain exceptions. The rhythm of activity differs in that the 
range is much wider in the wild pig, while in the domesticated pig 
thyroid weight is twice as great and the iodine content is considerably 
lower. He also observed in the domesticated pig that the thyroids of 
castrates show a tendency towards a resting stage, whilst the normal 
animals often exhibit disharmonious structure. This evidence should 
be considered in connection with the problem of the hairless pig (vide 
intra). Reasoning from the hairless mouse and rat, it is unlikely that 
the thyroid of the genetically hairless pig differs appreciably from 
that of the normal pig. It is possible, however, that the definitely 
lower iodine content of the domesticated pig is contributory to the· 
environmental type of hairlessness. This work may also have a. 
bearing upon the problem of resistance to disease (d. PALMER 1917). 
p.39). 

V. DIS E A S ERE SIS TAN C E 

The attempts to produce a strain of pigs highly resistant to 
disease have not yet met with appreciable success. Investigations 
of this type involve considerable expense and are therefore limited 
in number. 

The disease which has received the greatest amount of attention is 
swine fever, as it is known in all English speaking parts of the world, 
with the exception of America, where distinction is made between 
the lung and intestinal types' of the disease - the former being 
termed hog cholera and the latter swine plague 1). 

') Since a similar distinction is made in France and Germany, the 
following table of equivalent terms may be useful for reference: 
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Amongst practical breeders there has for long existed a belief that 
certain strains, or blood lines, are more resistant to the ravages of 
swine fever. These beliefs appear to have been first crystallized by 
MELVIN and SCHROEDER (1906) who during ten years carried out 
tests which showed that susceptibility to hog cholera varied from an 
extremely high grade to absolute immunity. Since then, a pains
taking investigation of this problem has been made at the Iowa 
Agricultural Experiment Station by LAMBERT, MURRAY and SHEA
RER (1928). In this investigation, the foundation material consisted 
of 1 boar and 9 sows which had been originally bought by a firm of 
manufacturers of serum and which proved to be refractory to cholera; 
these animals, therefore, were thought to be naturally immune. The 
test for immunity consisted ot two injections of potent hog cholera 
virus. During the experimental period of 1924-28, 182 pigs were 
tested by injection; 11.5 per cent of these recovered from the effects 
of the dose, but all showed typical symptoms of hog cholera. From 
these results it is concluded that simple selection alone is not directly 
effective in increasing resistance. From previous analyses of the data, 
it was suggested that resistance, if hereditary, must be a complex 
recessive trait. Four offspring from twelve boars and sows naturally 
immune to swine fever were tested and only one was found to be 
resistant. 

A similar investigation was carried out at the Illinois Agri
cultural Experiment Station by ROBERTS and RICE (1924), and by 
ROBERTS (1925-26). In this experiment also, a very limited degree 
of resistance was obtained. In 1927, ROBERTS and CARROLL SUbjected 
18 pigs from sows and boars previously selected as resistant to hog 
cholera, to the hog cholera virus. The test consisted of a subcutaneous 

Great Britain I u. S. A. 

Swine fever; 
Intestinal form Hog cholera 

Pneumonic form Swine plague 

France Germany 

Cholera suum; 
Peste du porc Schweinepest 

Septicemie; Pneu- Schweineseuche 
monie contagieuse 
du porc 
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injection of the virus, a dose by mouth, and contact with a pig which 
was a virulent case of cholera. All the pigs succumbed. 

Another investigation was carried out at Illinois by GRAHAM et alii 
(1927). In this experiment, suckling pigs were given serum and virus 
in an attempt to immunise them against later attacks of swine fever. 
The studies failed to show the optimum age for treatment but the 
younger the pigs, the less the expense of treatment, as less serum is 
required. Results indicated that there must be other factors beside age 
which lowered the immunity established by injecting very young pigs 
with the sertlm and virus, for in some instances immunity was 
retained until marketing age was reached, whilst in others this was 
not the case. 

McARTHUR (1918) states that immunity of sows (produced by the 
DORSET MILES method) is transmitted to their young during the time 
they are suckling. This is not in agreement with the work of MINKLER 
(1916) who found that piglings became infected while suckling their 
dams which had been previously immunised by the simultaneous 
injections of serum and virus. 

OSSENT (1932) proposed to evolve a new breed which would 
combine all the good qualities of the improved breeds, e.g. high 
fertility, rapid growth and fattening capacity, with those of the wild 
pig, e.g. hardiness and especially resistance to swine plague. For his 
material, he made various matings of wild boars with the Bavarian 
Landschwein, Hannover-Braunschweig sows and their Fl' He also 
used a Berkshire boar. Nearly all the offspring from the matings of 
wild-coloured with white pigs were either completely or almost 
completely white, with spots of a light wild and light grey> the skin 
under the spots being pigmented. The pigs were kept under the worst 
possible conditions in sties infested with swine plague. All the white 
pigs died, whilst the wild-coloured ones survived. After rigid selection 
the remainder were mated to either a wild or a Berkshire boar. This 
method of breeding was continued until finally mortality and sus
ceptibility to disease were reduced to a minimum but litter size and 
weight were far below the average for improved breeds. These experi
ments have been carried out for nearly ten years and approximately 
95 per cent of the wild-coloured progeny can be reared, whilst the 
white animals suffer heavily from swine plague. 

NACHTSHEIM (1933) expresses his scepticism of OSSENT'S results. 
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OSSENT (1933), however, points out that it is only the wild-coloured 
offspring which exhibit this immunity. When considering these 
results, the important question arises whether these wild-coloured 
apparently immune animals would retain their immunity if sub
jected to other conditions in which a different strain of virus was 
prevalent. From the author's description of the environment it would 
appear that all generations were reared in the same sties. 

Of later work, mention must be made of that of UHLENHUT, MIEss
NER and GEIGNER (1933). They tested eight experimental animals 
belonging to Professor BAUR, of Muncheberg, who was attempting to 
breed pigs which would be resistant to swine fever. The animals were 
cross-breds and contained Mangalija, Gustin Pasture, Berkshire and 
Improved Landschwein blood. These pigs succumbed to the disease 
both when kept with infected pigs and when subjected to injection 
of the virus. Further tests were made with an Fl litter from a 
pure-bred Mangalija boar X a Gustin Pasture-Berkshire-Improved 
Landschwein sow belonging to the Kaiser-Wilhelm Institut fUr Ziich
tungsforschung. When only a weak virus was used, these pigs suffered 
less heavily than the controls. When tested by injection with strong 
virus, however, the animals rapidly developed acute swine fever. 
Animals which were simultaneously injected with virus and vaccine 
proved to be highly resistant to swine fever. 

The varied results obtained by different investigators have shown 
the extreme difficulty that besets an experiment of this nature, 
largely due to the difficulty of standardising the degree of infection 
to which the pigs must be subjected. A certain degree of resistance 
seems to be inherited, the mode of inheritance depending on multiple 
factors acting in a recessive manner. It would appear unlikely that an 
absolute immunity to the disease exists in nature. 

PALMER (I 917) found that extirpations of the thyroid gland did 
not induce cretinism and did not retard growth; except for a markedly 
lower resistance to infection, the pigs behaved similarly to the 
controls. 

CONSTANTINESCU (1933) states that cross-breds (Middle White X 
Mangalija) withstand infection better thanthe Middle White. In 
two places in Brazil, pigs were found (KUCHENBECKER 1931) which 
resembled the solid-hoofed pigs, and these were highly resistant to 
foot-and-mouth disease. CRAFT (1931) states that inbreeding tends to 
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make pigs more susceptible to worms, "influenza", pneumonia and 
enteritis. Inbred pigs also yield less readily to worm treatment. 
BECK (1933) found by experience that the Yorkshire had less 
sickness and greater powers of resistance to disease than the Danish 
Landrace. 

VI. MEN TAL T R A ITS 

The performing pig is not unknown to the older generation and is 
yet to be fOl1nd on the continent of Europe.The intelligence displayed 
by the best of these can hardly be excelled by the ape. How much of 
this intelligence is due to nature and how much to nurture has not 
yet been decided, but the SIMPSONS (1911) have published some 
interesting remarks on two strongly marked mental traits of the 
species. They state that both the Berkshire and the Yorkshire 
(Large White) in their skull formation are typical of their Chinese 
progenitors. The Chinese hog has for so many centuries been 
kept in sties that it has lost "the filial attributes of the gregarious 
Suidae that was necessary to its preservation when in nature". The 
gregarious nature of the Tamworth is well known. "An obstinate 
Tamworth, wild Arkansas, or a German wild, or their hybrids, may 
be quickly brought back with the moving herd by an offensive attack 
of the collies, whilst a Berkshire or a Yorkshire must be brought in 
by a spreading of jackets and a careful ,soo-o-o-boy'." The father of 
these writers rarely failed to detect the otherwise invisible Berkshire 
taint by the fact that the pigs could scarcely be driven through a hole 
in the fence. "Yorkshire hybrids may be sorted back as with a sieve 
in driving a mixed drove of swine over a planked railway crossing." 

KRONACHER (1930) describing an Fl from a wild boar and an Im
proved Landschwein sow, found the wild instincts highly developed 
particularly as regards the sense of smell, expert way of foraging for 
themselves, and rough treatment of sows. Pigs of such a cross are 
described as capable of passing through the smallest possible opening 
in order to gain freedom. The wild instincts appear to be associated 
with the wild colour. Mention may also be made of the use made of 
pigs in searching for truffles. 

The Danish type of pig house containing a dung passage to which 
the pigs have free access, shows, from the experience of the present 
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writers with one constructed in Edinburgh, that some strains of pigs 
behave in a far more cleanly manner than others. 

The remarks of MANZANO (1934), a well known animal trainer, are 
of interest. He states that performing pigs have been a feature of old 
English fairs and circuses for the past hundred years. The pigs which 
he trained were selected at random from ordinary farm stock. Per
fection of performance was reached by kindness and patience, but 
never force. MANZANO found that pigs, compared to other animals, 
possess great self assurance and lack of fear of lights, horses, etc. 

VII. SEX 

As an economic producer of food for human consumption, the pig 
ranks next below the dairy cow and the laying hen. This is primarily 
due to the prolificacy of the porcine species. In passing, it might be 
mentioned that these three animals depend for their economic pro
duction upon some aspect of sexual activity. The value of the pig 
depends on the prolificacy of the sow. 

1. Sterility 

In cattle and horses the connotation of sterility is comparatively 
precise. In this paper it is intended to use the term in the absolute 
sense of inability on the part of a sow and a boar to produce any 
young whatsoever, fertility being the opposite. Prolificacy may be 
defined as the number of progeny of a given mating, the greater 
the number of offspring, the higher being the degree of prolificacy. In 
popular language, a sow producing less than six offspring at one 
parturition is considered unprolific. 

KRONACHER(1924),in an inbreeding experiment, found that closely 
related individuals will not mate at all. The experience of DE
CHAMBRE (1919) has led him to believe that, as a general rule, the 
matings of domesticated and wild pigs are fertile. He reports a case of 
sterility where a wild sow refused to hold to a domesticated boar, but 
this is more likely to be of nutritionalthan genetic origin. According to 
DAMLE (1931) and PATEL (1932), wild pigs have only one breeding 
season per year. 

FUNKQUlST (1919) analysed a strain in which there occurred boars 
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which were unable to perform mating though they produced fertile 
sperm. From the study of pedigrees it is concluded that this type of 
impotence is inherited in a recessive sex-linked manner. 

2. Prolificacy 

a) The I n flu en ceo f N 0 n-G e net i c Fa c tor s 
Age. 
Prolificacy is influenced by other factors besides genetic. Such 

workers as JOHANSSON (1931) and STEWART (1931) state that the 
genetic aspect is of very secondary importance. As in the case of the 
milk production of the dairy cow and the prolificacy of the laying hen, 
age is an important factor in the sow. From the records of 278 
farrowings, SINCLAIR and SYROTUCK (1928) found a marked rise in 
litter size from one to two years of age and a less marked increase 
thereafter. Advancing age was associated with a greater number of 
still births and of crushed pigs, and also an increase in the birth and 
weaning weights of the offspring. Their figures are as follows: 

Age in Years I No. of Sows I Average Litter Size 

1 101 8.109 
2 77 8.701 
3 57 9.706 
4 33 9.97 
5 15 9.53 

These figures are in essence borne out, though at somewhat differ
ent levels, by other investigators including BARTRAM (1926) (who also 
states that the variability in litter size tends to increase with age), 
KEITH (1930), CARMICHAEL and RICE (1920), ELLINGER (1921), MA
CHENS (1915), STAHL (1930), AXELSSON (1928) and JOHANSSON (1929a, 

b, 1931). On the other hand, KRALLINGER & SCHOTT (1933) found 
that the percentage of fertilisation falls with the sequence of matings. 
Figures quoted are as follows: the percentage of fertility for the Ist-
3rd litters = 84.9 per cent., the 4th-6th litters = 64.8 per cent., 
and the 7th and later litters, 55.6 per cent. 
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MUMFORD et alii (I 924, 1925) report that for a number of years 
sows were bred at the earliest possible date in order to determine the 
effect upon the subsequent generations. The 13th generation of early 
matings farrowed at 10 months 12 days. Up to that period there was 
no evidence of injury to either race or breed. This is illustrated by the 
fact that a sow of the 9th generation reached 687 lbs. at the age of 4 
years 9 months 12 days and farrowed 17 pigs in her 7th litter. 

DASSOGNO (19 I 5) reports that age affects the length of the ges
tation period. This is confirmed by JOHANSSON (I 929c) who, however, 
found the length of gestation to be only slightly increased with age. 
ZORN, KRALLINGER & SCHOTT (1933) find that litter size increases 
until the 6th litter, after which it falls. 

KEITH (1930), working on the breeding and farrowing records of 
the herds at the Illinois Agricultural Experiment Station from 1903 
to 1925, which include 935 litters containing 8478 pigs of all the 
principal American breeds, found that the number of the pigs in the 
litter increases with the age of the dam up to about 4.5 years, after 
which there is a gradual decline. He obtained a significant degree of 
correlation between the size of a litter farrowed at a given age of the 
dam and the size of a litter farrowed at later ages. A high correlation 
was found to exist between the size ofthe second litter and the average 
size of succeeding litters. There was greater variability in the size of 
the first litters than in that of the second. M'PHEE (193 I) also found 
a correlation between the size of first litter and that of later ones 
when r = + 0.2051 ± 0.0409. 

Other influences 
There is also evidence in favour of litter size being influenced by 

the season of the year, the interval between gestations, nutrition, and 
other factors. AXELSSON (1928) is of the opinion that season has no 
influence upon litter size at birth or upon subsequent growth. PEARL 
(19 I 8) states that from Poland-China and Duroc-] ersey gestation 
records, most pigs appear to be born in the spring, with the exception 
of those in the southernmost states of the U.S.A. In passing, mention 
must be made of some evidence (largely conflicting) to the effect that 
the interval between gestations has little influence upon subsequent 
litter size. 

It is interesting to note that DASSOGNO (I 9 I 5) found the size and 
weight of litter to have no effect upon the gestation period. This 
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was confirmed by JOHANSSON (1929c) who also found that the 
season of the year had little influence on the gestation period. 

Os SENT (1932) records that the length of gestation of wild
coloured pigs was 110-114 days, whilst that of the improved breeds 
was 120 days. 

b) The In flu e n ceo f G e net i c F act 0 r s 
Relationship Correlations 

, Prolificacy is inherited probably in a straightforward manner -
though perhaps not too simple. The sire and the dam would seem to 
play an equal part. In the production of a specified litter, the boar, if 
he be normal and in good condition, may have little influence on the 
numbers produced by the sow (KRALLINGER & SCHOTT 1934), but he 
does influence (probably in every way as much as the sow) the size 
and type of litters produced by his daughters. 

Passing mention must be made of correlations of litter size of one 
generation with another, i.e. daughter to dam and to grand-dam. 
ROMMEL and PHILLIP (1907) correlated the litter sizes of two succes
sive generations and found a small but appreciable correlation of 
r = 0.06 ± 0.0086 between the litter size of dam as compared to 
that of grand-dam; the correlation was higher when the first litters 
of gilts were compared with the litters of the dams, r being equal to 
+ 0.1008 ± 0.0149. They state: "We are consequently justified in 
concluding that litter size is transmitted from mother to daughter". 
They were unable to determine the part played by the sire. WENT
WORTH & AUBEL (1916) are of the same opinion concerning the 
influence of the dam on the size of her daughter's litter. SMITH (1930 
-31) concludes that the boar d0es not influence the litter size of the 
sow to which he is mated but that he does affect the size of his 
daughters' litters. ZORN, KRALLINGER & SCHOTT (1933) state that the 
sow plays the decisive role in determining litter size. 

MORRIS and JOHNSON (1932) obtained a very low degree of corre
lation between the size of the litter in which the dam was born and 
the size of the litter produced by her. M'PHEE (1931) correlated the 
size of the litter in which the dam was farrowed with that in which 
the boar was farrowed and found r = + 0.3471 ± 0.0244. Further
more, in correlating size of litter produced with size of litters in which 
sire and dam were farrowed, r = + 0.2964 ± 0.0254, and + 0.0702 
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± 0.2725, respectively. (The writer adds that this unexpected result, 
of no correlation between size of litter in which the dam was farrowed 
and her litter, was checked.) 

The Litter in Utero. 
A line of investigation which might throw much light upon this 

question of prolificacy is that dealing with the litter in utero. For 
obvious reasons only a very few experiments of this type have been 
undertaken. HAMMOND (! 921) examined the reproductive organs of 
22 pregnant sows. There were 396 corpora lutea (or an average of 18 
per sow) but only 267 of these (or 12.1 per sow) had developed into 
normal foetuses when the sows were killed. There were 49 atrophic 
foetuses (or 2.2 per sow), thus leaving 80 ova (or 3.7 per sow) un
accounted for. The author considers that these were either unfertilised 
or had perished at a very early stage and were absorbed. He suggests 
that fertility in pigs is mainly influenced by those factors which 
control the number of eggs which develop. CORNER (1921), from 
records including 4480 corpora lutea, calculated a discrepancy of 
23.3 per cent. WARWICK (J 927) examined the uteri of 448 sows 
which where unfortunately of unknown breeding. The result of this 
examination showed that 3.68 per cent. of the foetuses observed were 
in various stages of degeneration, with more or less resorption. Over
crowding could not completely explain this condition, as degenerating 
embryos were found where there was no evidence of overcrowding. 
Genetic causes were suggested. 

CREW (1925) observed a higher male than female prenatal mor
tality. 

DAVIDSON'S (1930) work is also of interest. He fed calcium and 
protein deficient rations to two groups of 6 gilts in each group. He 
concludes that partial foetal atrophy is not due to protein deficiency 
and that calcium deficiency may be a contributory but not a major 
factor. 

c) The In flu e n ceo f B r e e d san d B r e e din g 
Met hod sup 0 n Lit t e r S i z e and Wei g h t. 

The evidence of practically all the recent investigators in Europe 
and America goes to show that while there are possibly slight vari
ations between breeds, the average litter size at birth of the better 
known breeds of pigs is between 8 and 11. 
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BITTING (1897), working with herd book data, found that various 
breeds of pigs in the United States had distinctive litter sizes; that in 
two breeds the average number per litter had increased since the 
foundation of the herd books; and that in a third this figure had 
decreased. However, his figures are by no means conclusive. 

ROMMEL (1906), also working from the herd book records of two 
American breeds, the Poland-China and the Duroc-Jersey, found that 
in the former breed the average litter size during the twenty preceding 
years had increased by nearly 0.5, while there was no change as 
regards the ratter. The former breed had an average litter size of 7.52 
and the latter 9.26. The numbers on which these figures are based 
seem adequate. These results have been quoted on both sides of the 
A tlantic as evidence that litter size is not inherited, though the author 
does not state this in his work. 

SURFACE (1909), who was an expert statistician, examined the 
figures of ROMMEL and found that undoubtedly real breed differences 
do exist. He gives the following constants for variation of fecundity 
in the Poland-China and Duroc-Jersey breeds, as derived from 
ROMMEL'S figures for 1902: 

Constant 

Mean ....... . 
Standard deviation 
Coefficient of variation . 

Poland-China 

7.435 ± 0.010 
2.038 ± 0.013 

27.411 ± 0.172 

GEORGE (1912) confirms these findings. 

Duroc-Jersey 

9.337 ± 0.021 
2.427 ± 0.016 

25.997 ± 0.169 

Records at the Institute of Animal Genetics, Edinburgh, show the 
existence of prolific strains of leading British breeds. Whenever we 
have heard of remarkable prolificacy in a pedigree sow, we have at
tempted to obtain as much information as possible about her. In the 
great majority of cases, these sows come from strains which are also 
remarkable for prolificacy, their daughters and many of their grand
daughters having been prolific above the average. We have studied 
cases where there is a lack of prolificacy, a state which clearly runs in 
certain strains where the average litter of a sow is about four. 
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WENTWORTH and AUBEL (1916) made an extensive investigation 
of this subject. The frequency curves for the 3,540 litters studied lead 
them to believe that there are at least three centres of deviation in 
swine fertility. These possibly correspond to the genetic factors 
involved in its inheritance. It has been claimed by them that small 
litter size is dominant to large. The data on which this observation is 
founded were drawn from crosses involving wild pigs. Few races of 
feral swine are prolific. SIMPSON (1912) crossed a German wild boar 
with a Tamworth sow. The German wild pig has an average litter 
size of four and the particular strain of Tamworths averaged about 
eleven. The Fllitter consisted of 9 offspring. Three of the cross-bred 
daughters were mated, one to her litter brother, by whom there were 
four piglings; the other two, to unrelated Tamworth boars, with 
results of litters of five and six. The daughter which produced the 
litter of six was then mated to a wild boar and farrowed seven pigs. 
One of the litter of six (crossbred X Tamworth) was mated to an un
related Tamworth and gave birth to twelve. Similar evidence was 
obtained from analogous experiments by WENTWORTH and LUSH 
(1923) and CULBERTSON and EVVARD (1925). 

CHRISTENSEN, THOMPSON and JORGENSON (1926b), in breeding 
records dating from 1909 and including the progeny of 393 sows, 
found considerable breed variation in both litter size and mortality. 
This can be seen in the following table: 

Average Per cent. 
Litter Size reared 

Yorkshire 11.7 74% 
Duroc-Jersey 10.7 67% 
Chester White 9.6 73% 
Berkshire 8.7 69% 
Poland-China 8.2 65% 

69% of the mortality occurred during the first week of life. 
STAHL (1930) and JOHANSSON (1931) both give figures for postnatal 

mortality. JOHANSSON'S figures, which are based on 1,671 litters from 
forty-nine herds of Swedish Large White pigs, are as follows: 
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Age of sows (expressed by the consecutive number of litters) in relation 
to size of litter at birth, weight of living pigs at three weeks of age, and 
death rate in litters during the first three weeks after birth. (From 

JOHANSSON) 

'" ... 
" Three weeks after birth " +> .~ +> 

;::1 - ... 
cO " '" " Litter ...... 
'" :jj 

b.O .... +> Average weight 
0 ..... ~ .~ " cO 
.... 0- P.+> ... 
" ,t:l kl b.O .~ ~~ 

I 
,t:l 

g;,P. '" - Pigs in 8 .~ .... cO Litter rr: > " " ::s ;::1 P. A the litter 
Z 

I 

6 7 
1 2 3 4 5 

Kgs·1 lbs. Kgs·1 lbs. 

I 287 9.43 8.17 13.4 40.5 89.30 4.96 10.94 

II 321 10.59 8.98 15.2 46.4 102.31 5.16 11.38 

III 307 10.99 8.98 18.3 46.0 101.43 5.13 11.31 

IV 259 11.05 8.79 20.5 45.5 100.33 5.18 11.42 

V 175 11.41 9.05 20.7 46.5 102.53 5.13 11.31 

VI 126 11.06 8.60 22.2 43.5 95.92 5.06 11.16 

VII 83 11.11 8.52 23.3 42.9 94.59 5.04 11.11 

VIII 54 10.78 7.72 28.4 39.8 87.76 5.15 11.36 

IX-XV 59 10.24 7.85 23.3 39.9 87.98 5.09 11.32 
---

10.681 8.68 
-- --

Total. 1,671 18.7 44.3 97.79 1) 5.11 11.25 1) 

STAHL (1930) confirms JOHANSSON in stating that first litters have 
a lower mortality but that this rises with the seventh and eighth 
farrowing. RACZ (1931) is oflhe same opinion. 

In recent years, as reported in the Danish Foreign Office Journal 
(1930), considerable improvement has been made in Denmark in the 
grade of fertllity and in the production of litters of greater vitality. 
The average number of pigs per litter for all the Landrace breeding 
centres increased in the period 1921-29 from 10.6 to 11.3, while the 
vitality rose from 75% to 77%. Since these stud records now go back 
over 20 generations, a high degree of accuracy is possible in the 
selection of breeding stock. 

') 1 Kg. = 2.205 lbs. 
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LUTHGE (1933) investigated the question of uniformity in litters. 
For his material he had 7 families with 86 sows of the Improved Land
schwein and 5 families with 21 sows of the Berkshire breed. The 
uniformity of the progeny of each sow was studied. Great variability 
was observed as regards individual litters; some sows produced 
litters which showed marked uniformity, whilst others were the 
reverse. Mortality was found to increase with the fall in weight below 
the average, while it was low among the heavier classes. In conclusion 
LUTHGE emphasizes the importance of eliminating, for breeding 
purposes, sows which produce a high proportion of small piglings. 

WILD (1927) could find no significant differences between the 
Edelschwein and Landschwein regarding the litter size, mortality 
and number of pigs reared to weaning. He maintains that birth 
weight is no indication of subsequent gain in weight. 

AXELSSON (1928), from 2222 litters of the Swedish Large White 
and 395 litters of Swedish Landrace, calculated the following average 
litter sizes: 

Large White . . . 
Swedish Landrace 

Average number 
at birth 

10.1638 ± 0.0587 
9.9367 ± 0.1286 

Average number 
at 3 weeks 

8.0968 ± 0.0491 
8.3063 ± 0.1089 

The correlation of litter size at birth and at 3 weeks was r = 
+ 0.6765 ± 0.0115 and 0.7085 ± 0.0251 respectively. 

Several other workers have investigated the problem of breed or 
type in connection with the size and vigour of the litter. Amongst 
these may be mentioned the Iowa Station (1925), where a small 
difference was found in the farrowing weights of big, medium, and 
small type pigs, the Kentucky Station (1922), HICKS (1922), and 
TINLINE (1922). 

RACZ (1931) states that by means of selection, the litter size of the 
Mangalija breed has increased from 5.9 to 6.3 from 1928 to 1930. By 
crossing Mangalija with Berkshire or Cornwall, prolificacy was in
creased by 20 per cent. Similarly, MORRIS and JOHNSON (1932) 
demonstrated, by the results of their analysis of 1,035 litters taken 
at random from Poland-China records, the improvement which can 
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be achieved by means of selection. In this instance, however, 
selection was a more gradual process, the average litter size being 
increased by 1 during the period 1900-1920. 

MOHLER (1933) described an experiment carried out with different 
types of Poland-China pigs. Small, intermediate, and large type pigs 
were used. "In the spring of 1932 five small-type sows farrowed 
litters averaging 4.2 pigs and weaned an average of 2.0 pigs. Six 
intermediate-type sows farrowed an average of 6.7 pigs and weaned 
5.8 pigs. Five large-type sows farrowed an average of 6.8 pigs and 
weaned 5.4 pigs". 

The following table of OSSENT (1932) is of interest in that it also 
shows the great improvement in both size and weight of litter that 
can be achieved by selection in animals of mixed breeding. 

Weight 
Litter 

Size Birth 14 weeks 10 weeks 
Kgs. Kgs. Kgs. 

1930 6.1 0.84 5.7 15.0 
1931 7.4 0.975 6.3 17.20 
1932 8.0 1.125 7.1 -

Similarly, the statement of WILEY (1926) is also striking evidence 
of the effect of selection upon litter size. By means of selecting sows 
for breeding from litters of 10 or more, the average litter size was 
raised from 5.0 to 7.11 during the years 1922-26. 

SMITH (1930-31) gives the ideal size of a litter as from 10 to 12, but 
in view of the results of other workers, it would appear unwise to fix 
any definite figure owing to the interaction of other factors. In contra
diction to JOHANSSON, KEITH (1930) states that size of litter is a 
valuable criterion in selection for fertility. 

VITZTHUM VON ECKSTAEDT (1928) practised inbreeding and found 
its effect upon prolificacy to vary with the individual: in some cases 
prolificacy was improved and in others it was lowered. Data collected 
from 1200 sows and 400 boars showed great variation in the fertility 
of different females. 

SCHMIDT, LAUPRECHT, and VOGEL (1926), from data drawn from 
163 litters of Improved Landschwein, found the birth weight of 

Bibliographia Genetica XII 4 
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individuals in litters of 9 or more to be 1.23 kgs., as compared with 
1.37 kgs. in litters of 8 or less. JOHANSSON'S (1931) figures also 
demonstrate that the smaller the litter, the greater the average 
weight of the pigs. MURRAY (1934) obtained the following figures for 
the birth weights of pigs in litters of different sizes: 

BIRTH WEIGHTS OF PIGS 

Litter size 6-8 9-11 12-14 15-17 

Sex M. F. M. F. M. F. M. F. 
No. of pigs 38 26 108 103 79 64 22 20 
Average weight, lb. 3.5 3.17 3.08 2.75 2.69 2.67 2.34 2.21 

AXELSSON (1928) calculated· the correlation between the number 
of pigs at birth and the total weight of the litter and obtained 
r = 0.815 ± 0.0322. The larger the average fertility, the stronger 
was the negative correlation between litter size and weight of 
individual animals at 3 weeks. Furthermore, the larger the litter, the 
greater the proportion of undersized pigs. The way in which the 
negative correlation decreases as growth proceeds can be seen in the 
table below: 

Birth .. 
I week 
2 weeks. 
3 

4 

5 
6 

Age of pigs (in weeks) 

Correlation coefficient 
between number of pigs 
born and the average 
weight of pigs in litter 

r 

-0.406 ± 0.0583 
-0.433 ± 0.0556 
-0.441 ± 0.0548 
-0.406 ± 0.0582 
-0.313 ± 0.0673 
-0.307 ± 0.0680 
-0.235 ± 0.0750 

MURRAY (1923) studied the influence of size of litter on total litter 
weight at 8 weeks and found that the litter weight increases with 
increase in litter size up to 12, after which the weight decreases. His 
actual figures are given in the following table: 
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Influence of Litter Size on Litter W/!ight at 8 weeks. (From MURRAY) 

Litter size 
1 

6 
1 

7 1 8 1 9 1 10 111 1131121141151161 17 

I 

31 51 7 

I 
71 No. of litters . 3 3 8 7 2 1 1 1 

No. of pigs weaned 14 20 20: 341 56 59 63 63 18 6 9 12 

No. of pigs weaned 
I 

per litter .. 4.7 6.7 6.7 6.8 8.0 7.4 9.0 9.0 9.0 6.0 9.0 12.0 

Total litter weight 
2641243 at 8 weeks, lb. 173227 240i2481256 225

1
309 179 215 336 

JOHANSSON'S figures (1931), which are based on a larger number of 
litters, show that up to three weeks of age the death rate steadily 
increases with the size of the litter, while STAHL (1930) was unable to 
obtain any degree of correlation between litter size and percentage 
survival up to the time of weaning. 

MOHLER (1933) gives the results of an interesting experiment in 
which the average litter sizes of gilts from gilts, gilts from old sows, 
and old sows are compared. The actual figures are: 

Gilts from gilts . . 
Gilts from old sows 
Old sows 

d) Number of Mammae 

Average litter Percentage of 
size pigs w~aned 

7.7 pigs 
8.9 

10.2 

72.7 
76.5 

.61.9 

Before selecting for increase in litter size in breeds such as the 
Large White, which are already prolific, JOHANSSON (1931) stresses 
the importance of selecting for an increase in the number of function
ing mammae. It is useless to obtain a high degree of prolificacy in a 
sow which is unable to bring a large proportion of her litter to the 
weaning stage. 

There seems to be a certain amount of evidence in favour of the 
existence of a correlation between the number of mammae and litter 
size. Apart from the genetic aspect, there would appear to be no 
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little probability of such a relationship, as obviously the chances are 
much in favour of the sow with a well developed mammary system 
rearing a large litter with success. 

KONOPINSKI (1932) calculated the coefficient of correlation be
tween number of teats and the litter size of the sow. From data which 
included 1068 unselected pigs of various types, he obtained a corre
lation of r = + 0.20 ± 0.019, and with 972 selected pigs of the Edel
schwein type, r = + 0.1324 ± 0.0246. Lastly, with data from East 
Poland and 725 native or Yorkshire pigs in Denmark, r = - 0.024 ± 
0.021. Unfortunately the results are not entirely consistent, which, 
however, is characteristic of genetic investigations ofthe pig, for corre
lations and associations of genetic factors found to exist in one breed 
or type of pig do not hold good in the case of other breeds or types. 
The reaction of this fact on the results of nutrition experiments 
deserves some consideration. 

TEODOREANU (1932) is of the opinion that the size of litter and the 
number of teats show an intermediate type of transmission. 

The difficulty of tracing the inheritance of a sexual character, such 
as prolificacy, lies in the fact that the phenotype of one sex in respect 
of that particular character cannot be assessed. The question of the 
inheritance of nipples, however, would appear to form a welcome 
exception. To WENTWORTH (1912) goes the credit of the first investi
gation of this problem (vide intra). He was followed by PARKER and 
BULLARD (1913) who, in a popUlation of 5790 foetuses, found the 
number of mammae to vary from 9 to 18, with a mean of 12.4 and a 
standard deviation of 0.6906±0.0060,while for females the respective 
values were 8-18, 11.9, and 0.7905 ± 0.0069. On the left side, the 
number of nipples varied from 4 to 9, with a mean of 6.1, while on the 
right, it varied from 4 to 10, with a mean of 6.1. In 3559 cases, the 
arrangement of the nipples was regular and in 2411 irregular. They 
could find no relationship between prolificacy and the number of 
mammae. 

WENTWORTH (1912, 1913) and WENTWORTH and LUSH (1923) give 
evidence which clearly points to genetic factors. WENTWORTH found 
130 pigs to be symmetrical while 68 were asymmetrical. No connection 
could be found between the dams and their offspring as regards 
asymmetry. In all but three cases, the extra mammae appeared on 
the left side. The writer postulated at least two pairs of factors. 
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WENTWORTH (1914) also published an interesting paper in which the 
data dealing with the presence and absence of rudimentary teats in 
both males and females were discussed. Boars possessing rudiment a
ries were mated both to similar and to normal sows, and vice versa. 
From the results of these matings, he concludes that the mode of 
inheritance appears to be a combination of both the sex-linked and 
sex-limited types.The factor (or factors) for rudimentaries is trans
mitted in a sex-linked manner, but are sex-limited in that they do 
not become apparent in the female when in the simplex state. If 
X represents the sex-chromosome and R the factor for rudimentaries, 
the following types are possible: 

Boars 

XRO 
XrO 

Sows 

XRXR 
XRXr 
XrXr 

Only the first type of each sex would have rudiment aries somatic
ally. The following table shows the results of matings of animals 
which do not manifest rudimentary nipples: 

I Males with Males I Females with I Females 
rudimentaries without rudimentaries without 

XrO-XRXr 19 16 0 17 
XrO-XrXr 0 32 0 31 

This work was continued by WENTWORTH and LUSH (1923), who 
obtained results which failed to support sex-linkage in ·the inherit
ance of rudimentaries and caused sex-limitation to appear extremely 
doubtful. 

N ACHTSHEIM (1925a) has made an extensive investigation of this 
subject and classified nipples into three types: normal, supernumerary 
and pseudo-nipples. He mentions that the 2nd and 6th pair of normal 
nipples are absent in the European wild pig (Sus scrota), and points 
out that in the two more primitive German breeds, the Half-red 
Bavarian and the Hannover-Braunschweig, which may be regarded 
as being descended from Sus scrota, these two pairs of nipples are 
more often absent than in other breeds. This author states that the 
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2nd and 6th pair of nipples are probably present in the Asiatic pig 
(Sus vittatus) and are definitely present in its domesticated descendant, 
the Chinese Mask pig. Since the European domesticated breeds are 
derived to some extent from Sus vittatus, he suggests that the factor 
for the 2nd and 6th pair of nipples originates from Sus vittatus. 

In the analysis of 1000 offspring of eight boars, NACHTSHEIM 
found the number (excluding pseudo-nipples) to vary between 10 
and 17, with a mean of 12.8. The largest group, consisting of 28.8 per 
cent. of the whole, fell in the 14-nipples class. The progeny of the 
separate boars varied significantly. No sex-dimorphism was found to 
exist as regards the number of normal and supernumerary mammae. 
The average number of nipples in the male was found to be 12.58 and 
in the female 12.51. A positive correlation was observed between the 
right and left side, the average number on the left being somewhat 
smaller than that on the right, both as regards the whole population 
and in the progeny of the separate boars. 

RACZ (1931) observed that in pure-bred Mangalija sows the number 
of mammae varies from 10 to 12, while in cross-breds from Mangalija 
sows and German Improved boars, the number is increased. The· 
position of the 6th pair is said to vary considerably, and when there 
are 5 pairs, the 3rd pair (numbering from front to rear) gives more 
milk than the others. Further, he has found a direct ratio between 
fecundity and number of teats, sows with 12 teats being 30 % more 
prolific than those with 10. This increase in prolificacy seems some
what high and would appear to need further confirmation. HOFLIGER 
(1931), in a study of the wild and domesticated types of pig, states 
that the mammary gland of the wild type has fewer teats which vary 
less in number than those of the improved type. 

3. Mothering Ability 

As regards economic production, good mothering ability, which 
includes milking capacity, is probably of even greater importance 
than prolificacy, though at the same· time it must be remembered 
that neglect to breed for prolificacy may result in smaller litters. 

There is little scientific evidence to show that good mothering is 
inherited, but the fact that it is stressed under the various pig testing 
schemes,demonstrates that practical experience believes this to be the 
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case. M'PHEE (1930a) states that bad-tempered pigs have arisen as a 
result of inbreeding. Our own observations in pigs confirm the 
contention that the ability to nurse the young is inherited. There 
are breeders in the United Kingdom who believe that bad mothering 
is frequently associated with the earlier maturing types of pig. It is 
not difficult to credit a physiological relationship of this nature. 

KING (1926) states that mothering ability is hereditary and is 
transmitted through both the male and female. SMITH (1930-31) is 
also in support of this theory. HANSSON and BENGTSSON (1926) have 
found that ¥ orkshire sows make as good mothers as the Swedish 
Landrace. GRIMES and SEWALL (1930) consider that the more 
prolific sows are better mothers and raise a larger percentage of their 
young. As a result of various experiments, OSSENT (1932) concludes 
that wild-coloured sows are excellent mothers, careful with their 
young, docile and generally tolerant towards others. JOHANSSON 
(1931) emphasizes the importances of selecting for good mothering 
ability. KULOW (1928) practised line-breeding from two sows and 
observed definite differences regarding the mothering ability between 
the two lines, although the fertility and number of offspring from 
both lines appeared to be about the same. GRANDI (1931) states that 
Large Black sows proved to be of superior mothering ability to the 
Middle White, in spite of the fact that the former breed was the more 
delicate. 

4. Milking Capacity 

As already stated, milk producing ability is closely allied to good 
mothering, and there is evidence from Germany to show that milk 
yield is dependent upon genetic factors. 

SCHMIDT and LAUPRECHT (1926) have studied milk production in 
the Landschwein breed. The yield appeared to be higher in sows 
producing large litters than in those producing small litters; there 
was also great individual variation. Furthermore, the anterior 
"quarters" of the mammary gland were more highly productive than 
the posterior. SCHMIDT, VOGEL and ZIMMERMANN (1929) could find 
no significant difference between the milk yields of the Improved 
Landschwein and the Edelschwein. 

RICHTER, HEMPEL, OHLIGMACHER and RODEWALD (1928) jointly 
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and severally carried out a painstaking study of milk production in 
sows. They found great individual variation in yield and composition 
of milk. As a measure of productivity, the weight of the sow was 
used. Heavy milking sows lose a considerable amount of weight; the 
loss appeared to be great during the first 4weeks; the weight then was 
maintained at about the same level and finally rose gradually. RICH
TER, working with the Edelschwein and the Landschwein, weighed 60 
sows of each breed and found the loss in weight to be the same: with 
similar weights at farrowing, the Landschwein subsequently lost 8.7 
kgs. and the Edelschwein 9.1 kgs. HEMPEL concludes his obser
vations by stating that (1) milking capacity in sows is inherited,(2) 
individual variation is to be found both as regards total yield and the 
shape of the lactation curve, and (3) the amount of milk produced 
increases with litter size. 

OHLIGMACHER confirms the observations of HEMPEL. He also be
lieves to have found indications of hereditary transmission of fat~ 
content. The average albumen content was found to be 6.25 per cent, 
but by rich protein feeding, it could be raised by as much as 2 per cent. 
Less variation was found in the albumen content than in the fat 
content of normal milk. 

HEMPEL gives a summary of previous work on milking capacity of 
sows and the following details may be of interest. OSTERTAG and 
ZUNTZ (1908) found the amount of milk taken by one pigling at one 
suckling to be 60-75 gms. According to GOHREN, a Yorkshire sow 
produced 1.375 Kgs. of milk in 24 hours during the fourth week, 
whilst CARLYLE found the average daily milk yield of 12 sows (Berk
shires, Poland-Chinas and Razor Backs) to be 2.826 Kgs. during the 
4th week and 1.746 Kgs. during the 8th week. SCHMIDT estimated 
that 2 sows during the second half of suckling period produced 4.61 
Kgs. and 5.27 Kgs. respectively, while other 3 sows during 8 weeks 
produced a total of 183.68 Kgs., 208.08 Kgs. and 272.16 Kgs. 

DECHAMBRE (1934) found that the milk yields of sows of various 
breeds, for a period of 84 days and daily, were as follows: Berkshire, 
204.27 Kg. and 2.862 Kg.; Poland-China, 194.6 Kg. and 2.204 
Kg.; Yorkshire, (daily yield only), from 1.890 Kg. to 2.625 Kg. 

RACZ (1931), amongst many interesting observations, concludes 
that uniformity of litter is very closely correlated with the equality of 
the yields of milk from each of the teats. Regarding the quantity of 
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milk produced, he estimated the yield from 7 Mangalita sows to vary 
from 119.31 Kgs. to 190.55 Kgs. during a period of 62 to 75 days. 

SANDERS (1931) also draws attention to the great individual vari
ations in milk yield. He points out that this variation can be detected 
by means of pig-recording and the results used to facilitate selection. 
AXELSSON (1929a) states that the range of variation for milk yield 
and fat yield is no greater than that for other characters. 

5. Sex Ratio 

WILCKENS (1886) found the sex ratio at birth to be 52.09 per cent. 
males. ZORN (See KRALLINGER 1930) obtained a ratio of 60 per cent. 
PARKES (1923a, 1923b, 1926) obtained the figure of 51.15 per cent., 
while CARMICHAEL and RICE (See MCPHEE 1925-26) observed 52.06 
per cent. MCPHEE (1927) shows the pitfalls in herd-book data which 
have formed the basis for most of the previous observations. The 
figures he accepts as reliable are as follows: CARMICHAEL and RICE 
51. 96 per cent.; SEVERSON 52.3 ± 0.0056 per cent.; and MCPHEE 
51.99 ± 0.0038 per cent. CREW (1925) obtained a primary sex-ratio 
of 54.55 per cent. and a secondary sex-ratio of 50 per cent., the latter 
figure being obtained from the records of 1472 newly born piglings. 
This illustrates the fact that as pregnancy proceeds, the sex-ratio 
swings from inequality to approximate equality. Prenatal mortality 
is therefore much greater among males than among females. 

PARKES (1925) in his examination of 583 foetuses collected from 
the uteri of pregnant sows at the Islington (London) Abattoir, found 
56.8 ± 1.38 per cent. of these to be male. The ratio varieq with the 
size of the foetus. Under 100 gms., the percentage of males was 59.1 
± 1.98, from 101 to 300 gms. it was 57.0 ± 3.12, while 301 gms. and 
over gave a sex-ratio of 53.2 ± 2.45 per cent. The sex-ratio of the 
foetuses from the two cornua were not found to be significantly 
different. PARKES estimated the ratio at conception to be approxi
mately 60 males: 40 females. CHRISTENSEN, THOMPSON & JORGEN
SON (1926b) calculated from their data that the percentage of males 
to females was 52.3 per cent. SCHMIDT, LAUPRECHTand VOGEL (1926), 
with records of six groups of pigs of different breeding from 248 
observed litters, obtained a sex-ratio of 50.17 per cent., and a smaller 
proportion of males in litters of more than 12 pigs. This is confirmed 
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by KRALLINGER (1930) whose work deals with the German .Improved 
Landschwein and Edelschwein and appears to have been taken 
from published records. He obtained 50.57 ± 0.23 males at birth 
and found no difference between the two breeds. 

KRALLINGER'S most interesting finding is a high difference in the 
sex-ratio amongst the progeny of different boars and he also considers 
it probable that the sow plays a part. Further, KRALLINGER finds a 
negative correlation between the sex-ratio and the degree of prolifi
cacy: the larger the litter the smaller the percentage of males. This is 
probably true but further confirmation is required. He also finds the 
sex-ratio to be somewhat higher in first litters. No seasonal variation 
was observed. Later results (! 933) indicate that time of mating has 
no effect upon the sex-ratio. 

In essence, PARKES, CREW and KRALLINGER agree with the hypo
thesis of LENZ that the Y-bearing sperms have a greater motility 
than the larger X-bearing sperms, although CREW also states that the 
high primary sex-ratio may be due to a differential production of the 
two types. KRALLINGER draws attention to the fact that in man, a 
rise in sex-ratio is associated with a decreased fertility; this is 
supported by figures. The three investigators postulate a higher 
intra-uterine death rate of males. That there is such a high death 
rate has been well illustrated by HAMMOND (1921) (see p. 44). 

MACHENS (1915) states that there is a predominance of males in the 
first litters of gilts but that after the 5th litter, females are greater in 
number. He also states that the smaller the litter, the greater the 
proportion of males and vice versa. He supports the findings of WIL
CKENS (1886), FROLICH (1911) and GEORGE (1912) that more females 
are born during cold than during warm weather. The data of HAYS 
(1919) indicate a tendency for an excess of males in inbred litters. 
PARKER & BULLARD (1913) examined 1000 litters of unborn pigs 
and found the mean number per litter to be as low as 5.97. These 
gave a sex-ratio of 50.64 per cent. PARKER (1914) was also able to 
show that the sex-ratio is not influenced by the position of the young 
in the maternal body. DASSOGNO (1915) found that the sex of the 
foetus had no influence on the length of gestation period. 

AXELSSON (1928) states that the difference in the sex-ratios between 
the Large White and Improved Landrace is not significant, the 
figures being 51.68 per cent. and 50.46 per cent. males respectively. 
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KULOW (1928) found a greater difference between the sex-ratio of 
two families, namely 97.3 per cent. and 75.0 per cent. MCPHEE (1932) 
states that in his experiments inbreeding produced a higher sex-ratio. 

6. Intersexuality 

There are numerous references to intersexuality in pigs, but most 
of the literature on this subject is confined to descriptions of indi
yidual cases and is therefore of greater physiological than genetic 
value. 

CREW (1923a) examined two full-grown Yorkshire pigs from the 
same litter, one of which had cryptorchid testes and the other had 
more advanced male sex glands. There was a third case somewhat 
similar in appearance to the latter. CREW considers this state to be 
certainly of genetic origin and due to the mating of individuals 
differing in hereditary factors which direct the rate of sexual de
velopments. 

BAKER (1925a, b; 1926a, b; 1928) discusses intersexuality in the 
pig and states that it is not very rare among both goats and 
pigs. In the New Hebrides, intersexual pigs are common and are 
found in practically every little native village. Owing to the demand 
for such animals for both religious purposes and for currency, they 
are of great importance. Many intersexual pigs that are found here 
differ from any of the other types of European pig intersexes in that 
they invariably lack any rudiment of uterus or vagina. 

BAKER is of the opinion that the underlying causes of the sex
intergrade in the pig and the goat are not the same as in the free
martin, in spite of the close resemblance in their anatomy. His 
reasons for this belief are: firstly, certain boars continually sire sex
intergrade pigs and this is not in agreement with the free-martin 
theory; secondly, fusion of chorions has never been found in the pig; 
and thirdly, sex-intergrade goats have been born singly. BAKER is in 
partial agreement with CREW, who has suggested that such a con
dition may be brought about by the simultaneous development, to 
a certain extent, of both male and female organs. There is a definite 
point at which either the male or female sex organs must be en
couraged to grow, and if this point be passed without differentiation, 
then the hormones which are produced later have not the ability to 
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bring about a perfect development. BAKER explains that against this 
theory is the fact that intersexual pigs possessing a well-developed 
uterus have been known to exist. Again, some animals may possess 
both testicular and ovarian tissue. He is, however, of the opinion 
that the tendency towards this defect is hereditary. JAKOBIEC and 
MARCHLEWSKI (1932) mention the marked tendency towards inter
sexual forms which was observed among the offspring of an outcross 
of sows from the Boguchwala herd by a certain Swedish boar. 

VIII. A B NOR MAL I TIE SAN D D E F E C T S 

1. General 

KRONACHER (1930) discusses the question of "crits", "shargars" , 
dwarfs, backward and undersized individuals. He states that such 
animals are the result of genetic causes in that they possess the 
minimum number of factors necessary for growth and development. 
He also mentions what the present authors have frequently observed, 
namely, pigs which are perfectly normal at birth but whose develop
ment appears to be arrested, or at any rate slowed down considerably, 
about the age of three months. This is usually associated with a 
certain unthriftiness and is probably due to genetic causes. 

Of all the domesticated animals, the pig is perhaps the most beset 
with lethal factors. Abnormal pigs pass unremarked since they occur 
in large litters, and therefore, so long as the abnormality does not 
become too frequent, the matter is not very serious from an economic 
point of view. A monotoccus animal producing an abnormality is 
immediately marked. Not so with the polytoccus pig. It is difficult to 
distinguish in the pig whether these not uncommon abnormalities are 
genetical in their origin or due to some damage in utero or during 
parturition. 

2. Defects of the Skull 

Amongst the commonest of such reported abnormalities are those 
which relate to the skull and the skin. NORDBY (! 929a, b; 1930) 

describes some interesting defects of the skull. One defect he 
describes as "of the meningocoele and proencephalus types re-
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presenting incomplete development of the neural tube involving the 
bony investment surrounding the brain· and especially the frontal 
and parietal bones." This abnormality is of the nature of a brain 
hernia on the front part of the skull. Over 200 cases were studied, 
chiefly in the Berkshire and Duroc-Jersey breeds, many having come 
to light during inbreeding. Sufficient evidence has been secured to 
show that this defect is definitely hereditary, but the details con
cerning the mode of inheritance have yet to be published. HUGHES 
and HART (1934) observed four pigs with a similar skull defect in the 
Poland-Chin1\. herd at the California Experiment Station. In each 
case there was an opening in the median line of the skull, associated 
with the parietal bones, varying in length medially from 6 mm. to 16 
mm. and in width laterally from 4 mm. to 6 mm. The abnormality 
appeared in very closely inbred stock. These writers conclude that 
the defect is inherited and depends upon a recessive factor. 

3. Defects of the Ears 

In the defect described above, NORDBY noticed that the ear is also 
affected; the defects in the external ear may vary from a slight 
modification of the anterior border to a very pronounced reduction 
in size. The present writers have observed similar defects in the pigs 
in Great Britain, but have not had an opportunity to study the 
genetics of the condition; it appears to them, however, to be associ
ated with sterility. Idaho Agricultural Experiment Station (1931) 
reports cases of dwarfed and absent ears which are quite common in 
one strain of Duroc-Jerseys, and can be traced to an earless dam of a 
famous show boar. Affected specimens also revealed a number of 
skull defects. 

4. Cleft Palate 

The occurrence of cleft palate is reported by M'PHEE (1932). 
SCHOTTERER (1933) also reports cases of cleft palate which were 
present in a litter from a sow who had previously produced 3 
healthy litters. Among 12 piglings, 3 exhibited various grades of cleft 
palate and jaw, while another 3 had facial defects. The boar was 
normal and had sired healthy pigs. The author excludes the possibility 
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of mechanical disturbance and suggests a genetic basis. KOCH & NEU
MULLER (1932) observed cleft jaw in 6 litters all sired by the same 
malformed Berkshire boar. This boar was only bred once to 6 sows at 
6 months old. He sired 57 piglings, the majority of which were also 
hare-lipped. All the malformed animals were either born dead or died 
shortly after birth. In some cases, h~lfe-lip was connected with ab
normalities such as lack of anus and tail. These 6 sows when mated 
to normal boars gave normal offspring. This defect was not sex
limited. Results indicate it to be genetic in nature and transmitted 
by the sire. 

5. Defects of the Eyes 

KOSSWIG & OSSENT (1932) report a case of congenital blindness 
and add that they are unable to explain the mode of ir:heritance of 
this defect. 

HALE (1933) describes a case of a Duroc-Jersey gilt who farrowed 
eleven pigs, all born without eye balls. Ten were alive at birth, but 
all died within five minutes. It must be noted that the gilt was re
ceiving a vitamin-deficient ration. From the results of further 
breeding tests with the sire of these pigs, the author is inclined to 
suggest a nutritional rather than a genetic cause. 

One of the present authors (A.D.B.S.) has been collecting instances 
of eye abnormalities which have occurred in various herds. The ab
normalities range from complete absence of eyes and total blindness 
to abnormally protruding eyes. Some of the animals lacking eyes 
have survived and reached slaughter or breeding age, but so far no 
animals with protruding eyes have been known to live for any length of 
time. Two pedigree and slightly related Middle White sows farrowed 
litters by the same boar. Both litters were abnormal, some of the 
piglings being totally blind whilst others had large protruding eyes. 
The following litters, by another boar, were normal. Another similar 
instance is that of a litter by a Small White boar out of a sow who was 
his sister. The entire litter was abnormal while the preceding litter 
of the same sow had been normal. 

There are other descriptions of similar cases in which several or all 
of one litter of a sow were partially or completely blind. Two other 
cases worthy of particular note are: 1) a Large White sow who farrowed 
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13 pigs of which three were blind. The dam of this sow also had two 
blind offspring among her litter; 2) . another sow had a litter of 17 in 
which there were two dead and the remainder completely or nearly 
blind. The mother of this sow had a still-born litter by the same boar. 

From these data it would not appear entirely unreasonable to 
suggest that certain forms of blindness are hereditary, since a small 
degree of inbreeding is often associated with this defect. Other cases 
reported are probably due to damage in utero. 

6. Tassels 

It is not uncommon for the pig to possess tassels like those of the 
goat. They are found occasionally in sheep and rarely in man. Though 
they do not occur in the recognised breeds, they are not infrequently 
met with amongst the pigs of Europe, from Spain to Russia. One of 
the earliest mentions of this abnormality appears to be that of EUDES 
-DESLONGCHAMPS (1842), (as quoted by DARWIN (1868)). He stated 
that the appendages which often characterized the Normandy pigs 
were always attached to the corners of the jaw, three inches in length, 
cylindrical and covered with bristles. The centre was cartilaginous, 
with two small longitudinal muscles. LUSH (1926) reports their 
occurrence among the unimproved swine of the southern United 
States. KRONACHER (1924) has investigated their inheritance. Like 
those of other animals, these tassels or "bells" consist of a tongue 
of cartilage (absent in the sheep) supplied with vessels and nerves, 
and of connective tissue. In the pig, the neck tassels are also 
supplied with muscle. His evidence points to tassels being a simple 
dominant factor. KRONACHER also mentions an aberrant bell which 
he found at the root of the· posterior surface of both ears in an 
Improved Landschwein boar. The boar was crossed with several 
sows of the same breed, but among 100 F l' only one had two bells 
at the root of the same ear. It is worth noting that tassels in the 
goat are inherited as a simple dominant (ASDELL and BUCHANAN 
SMITH 1927). Aberrant tassels in the caprine species are almost 
certainly genetic in origin but are almost as aberrant as the species. 

7. Hairlessness 

Opinions are diverse as to the cause of this anomaly. Earlier 
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workers suggest malnutrition in the form of iodine deficiency and 
give examples of hairless pigs which have been cured by some form 
of iodine treatment. On the other hand, the results of more recent 
work are definitely in favour of a genetic explanation in certain cases 
where iodine feeding has failed, and there is evidence to show that 
the hairless condition has been brought about by breeding methods. 

SMITH and WELCH (1917) draw attention to the common occurrence 
of this defect in many parts of the north-western States of America. 
In some districts it is serious and many animals die. They suggest 
that the cause is lack of iodine in food and water, and find that the 
administration of potassium iodide to pregnant females gives good 
results. Post mortem examination of hairless individuals revealed 
hypertrophy of the thyroid, an under-developed heart, and thick 
pulpy skin. Chemical examination showed an extremely low iodine 
content of the thyroid. Since one of the most marked characteristics 
of the abnormality is the absence of hair, it may be assumed that 
there is probably a direct relationship between the physiologically 
active secretion of the foetal thyroid, and growth of the epidermal 
appendages. HART and STEENBOCK (1918a, b) support the view of 
SMITH and WELCH (1917) that hairlessness is caused by low iodine 
assimilation, which results in a goitrous condition in both mother 
and young and interferes more severely with the development of 
the foetus than with the mother. Sows which produce normal 
offspring can have this condition induced by feeding rations with a 
high protein content. It is suggested that rather than feed iodine, 
more attention should be paid to the combination of natural ma
terials. SHEPPERD et alii (! 924) report a case of 4 pure-bred Duroc
Jersey sows which were fed 6.5 grs. of iodine daily for 18 days before 
parturition but in spite of this, 31 hairless offspring were produced. 
However, a grade sow having received iodine for 2 weeks longer, 
farrowed 7 haired pigs. 

ROBERTS and CARROLL (1931) state that hairlessness is common 
among Mexican swine where it cannot be prevented by the adminis
tration of iodine. As the result of crossing grade Chester Whites with 
two males and two females imported from Mexico, it was thought 
that the normal condition must be incompletely dominant. The 
normal condition was designated H, and the abnormal h, and by 
further experiments it was assumed that one gene was involved. This 
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is in accordance with ROBERT'S work of 1925 and 1927. By 1928, 
as a result of matings of heteroyzgous par~nts,ROBERTS had obtained 
909 haired and 293 hairless individuals. Histological examinations of 
the thyroids and adrenals of these animals revealed no abnormalities. 
When hairless and haired swine were mated, the F1's possessed 
coarser hair and a thinner coat than the normal animals. Further 
studies were carried out by SEVERSON (1932). 

DAVID (1932) examined 3 specimens of swine skin taken from a 
normal pig, a heterozygous hairless pig, and a homozygous hair
less pig. Th~ animals homozygous for hairlessness showed a few 
hair follicles, while the heterozygotes showed an intermediate con
dition. In the skin of the homozygous hairless, there was a definite 
tendency towards irregularity in the direction of the follicles which 
were otherwise structurally normal. The coat of this specimen was 
much shorter, as many of the hairs were broken off. The number of 
sweat glands was reduced and this corresponded to the reduction in 
the number of hair follicles; the sebaceous glands were rudimentary. 

8. Defects of the Skin 

NORDBY (192%) reports a case of skin abnormality which is 
probably genetic. The defect consisted of five more or less circular 
areas in which the epidermal layers were incomplete, in some cases 
the aponeurosis being exposed. In another paper (1933a) he describes 
the occurrence of melanotic skin tumours in pigs. In this instance, a 
boar with a "wart" on his loin was purchased for breeding purposes. 
In all of the first five families of pigs sired by this boar, this trouble 
appeared, 10 or more affected animals being produced in the first 
generation. Later, he was mated to his affected daughters with the 
result that in 3 litters, 8 pigs with "warts" appeared. Considering the 
frequency of the occurrence of this defect, the author is of the opinion 
that it must be inherited but not as a simple dominant. Owing to the 
economic loss involved, (hams with this blemish were not passed as 
first class by United States inspection), strict selection and the 
elimination of affected animals is advised. 

9. Seedy C~d or Black Belly 

The cause of seedy cut is said by DEAKIN (1932a) to be due to the 
Bibliographia Genetica XII 5 
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presence of black pigment in the mammary glands when it is either 
present in the skin, or else absent, as in the Duroc-Jersey. The 
time at which the pigment appears in the nipple epidermis and 
the ability of the epithelial cells to synthesise pigment, control the 
presence or absence of pigment in the glands of the black breeds. The 
ability of the cells to synthesise pigment and its occurrence are corre
lated with intensity of pigmentation and the rapidity of cell division. 
DEAKIN expresses doubt as to the possibility of evolving a strain of 
pigs which would be entirely free from pigmented glands. Selection 
can be practised in red pigs, in which the glands are visible through 
the skin of the live animal, but in other colours this is not the case. 
ARMSTRONG (1932b) advises the use of white boars as a preventive 
measure. 

MACKENZIE and MARSHALL (1915) undertook experiments to ascer
tain the possibility of destroying mammary pigment in cells during 
the period of glandular activity. Three Large Blacks and one Berk
shire were used and pigment was detected in practically all the glands 
operated upon. After an interval of 17 months, during which period 
each of the sows had two litters, the animals were killed. The glands 
were re-examined and in no case was pigment detected. 

COLE, PARK & DEAKIN (1933) describe the two distinct types of 
"seed". One is due to the presence of pigment in the mammary gland 
(as described above), and the second to vascular hypertrophy and 
may be red, pink or white. All gilts seem to exhibit some phase of this 
type of "seed". It appears in the gland when the gilt reaches ma
turity; it is red immediately following oestrus, and changes through 
pink to white during dioestrus. The seed increases with the number of 
cycles. Barrows (castrated males) are not affected·by this vascular 
type of seed. Black seed (type I) occurs in half the gilts of black breeds, 
in 23 per cent. of those of black and white breeds, and in 20 per cent. 
of those of red breeds, but not at all in white breeds. It occurs in 68 
per cent. of the barrows of black and black and white breeds, but 
not at all in barrows of red or white breeds. 

10. Scrotal Hernia 

According to WARWICK (1926b), the earliest reference to hernia in 
swine appears to be that of YOUATT (1847). WARWICK mentions the 
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following writers as being in favour of the hereditary nature of this 
defect: CAMPBELL (1914), FLEMING (1902) , HOBDAY (1914), J OEST 
(1921), LEENY (1920), MOLLER & DOLLER (1903), and WHITE (1914). 
WARWICK himself (1928a) has shown that scrotal hernia in inherited 
in a recessive manner. By definitely selecting for this defect, he was 
able to increase the percentage of ruptured animals per generation at 
the following rate: 7.49% - 14.28% -42.0% -39.4% -47.5%-
45.9%. He states that 1.73 per cent. of all pigs have hernias. Practi
cally all the ruptured females had umbilical hernia, but this type was 
rarer in the male. 

Later (1931) he writes: "Hernias, or ruptures, of swine ,are so 
common that scarcely a swine raiser has escaped experience with 
them. The two most common kinds are scrotal, or inguinal, hernia 
and umbilical or navel hernia. Scrotal hernia consists of an enlargment 
of the scrotum by loops of bowel. Although the anatomical differ
ences of the sexes necessarily limit the occurrence of scrotal hernia to 
the male, females sometimes are seen which have inguinal hernia. 
which would be comparable. So far as our observations go, we have 
no reason to believe that there is any hereditary relationship between 
the two. The loops of bowel pass through the opening of the abdominal 
wall (inguinal canal) with the spermatic cord which connects with the 
testicle. Umbilical, or navel, hernia is formed by loops of intestine 
passing through the abdominal wall at the umbilicus, or navel, but 
without a break in the skin." 

Breeding tests to determine whether scrotal hernia is heritable in 
swine were initiated by WARWICK at the Wisconsin Experiment 
Station in 1922. They were carried on in co-operation with the U.S. 
Department of Agriculture until 1926, when they were transferred to 
the Ohio Experiment Station and there continued until 1929. The 
fuller data were published by WARWICK in 1926. Scrotal hernia 
occurs more frequently on the left side than the right. It is never 
present at birth and rarely occurs after one month of age: it may 
appear at anytime from one day to one month. The following table from 
WARWICK (1931) gives the figures he obtained: (see table page 68). 

Further figures clearly show that there is a tendency towards the 
occurrence of scrotal hernia in the male pig. 

WARWICK (1928a, 1931) advances the hypothesis that the condition 
is dependent upon two pairs of recessive factors, h and h', in a homo-
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is most convincing, despite the fact that no certainly homozygous 
sows were used in testing it. 

During an attempt by MCPHEE (1932) to in breed various strains of 
different breeds, hernia arose when it was not known to exist in the 
foundation stock. 

11. Cryptorchidism 

McKENZIE (1931) found evidence that cryptorchidism was In

herited and mention is made by NORDBY (1933b) of the prevalence of 
this hereditary character of cryptorchidism in swine. The extent to 
which this defect is prevalent may be seen in the table below in which 
he has summarised the observations of several workers. NORDBY 
strongly advises that cryptorchid boars, or those which have sired 
cryptorchid pigs, should not be used for breeding. 

Summary of numbers and percentages of cryptorchids reported by 
BUSMAN, DE WOLF, JELEN and SHELTON. (NORDBY 1933, p. 902) 

Cryptorchids 

Investigator Hogs Males Crypt- on basis of 
Observed orchids total males 

% 

BUSMAN (Chicago) 103,000 49,0181) 313 0.64 
DE WOLF. 4,671 35 0.79 
JELEN (Omaha) . 534,486 254,312 2,138 0.84 
SHELTON (Denver) . 142,000 67,578 493 0.73 
Totals. 779,486 375,579 2,979 

Among a population of 107 pigs sired by one boar out of 12 different 
sows, McKENZIE (1931) found ten cryptorchids, which came from 
five sows. Of these sows, four were related. The sire of these ten pigs 
was again mated to his daughter who was a litter mate of one of the 
affected animals. Of the resulting progeny, about 50 per cent. of the 
males were cryptorchid, and from these facts McKENZIE concludes 

') The figures for males have been derived, where necessary, by taking 
47.59 per cent. of the total number of hogs. In the sex classification based 
upon figures in the U. S. Department of Agriculture Year Book, 1930, Table 
384, barrows comprised 47.59 per cent. of the total number of hogs from 1923 
to 1929 inclusive. 
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that this defect must be hereditary. MCPHEE and BUCKLEY (1934) 
conclude that cryptorchidism is a sex-limited recessive character but 
are unable to determine more exact details of its inheritance. Their 
results show that inbreeding tends to increase the proportion of 
cryptorchids and they emphasise the inadvisability of using a 
cryptorchid boar, should he prove to be fertile. These authors support 
the conclusions of earlier writers, that all boars and sows which are 
known to have produced cryptorchid offspring should be eliminated 
trom the breeding stock. 

12. Atresia ani 

KINZELBACH (1931) made observations on this defect in the Swa
bian-Halle breed. In males the defect is characterized by a complete 
absence of the anus and anal cavity while the rectum is shortened. 
Affected animals may be kept alive by the construction of an arti
ficial anus by operative means; the success of the operation depends 
upon the extent of the rectal malformation. Animals upon which this 
operation has been successfully performed develop normally. In 
females there is also complete absence of the anus and the rectum is 
defective. Defaecation, however, proceeds through the recto-vaginal 
passage without any difficulty and the affected animals develop more 
or less normally. Generally, they are able to breed. 

During the period 1927-29, out of 621 animals distributed in 36 
herds, KINZELBACH observed 103 affected cases, 86 males and 17 
females. He noted that the phenomenon seems to be exhibited by the 
progeny of definite sires and dams and undertook breeding experi
ments in order to obtain further data. The results obtained were 
as follows: 

(i) Normal X Affected 

Progeny 

Sire Dam Normal I Affected 
Litters Total 

I I I i1 !j1 i1 !j1 

Affected Normal 2 13 4 6 1 2 

Fl normal Fl normal 3 16 5 10 1 -
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(ii) Affected X Affected 

Progeny 

Sire Dam 
Litters I 

Normal I Affected 
Total 

~ I \1 I ~ I \1 

Affected Affected 2 11 2 5 2 2 
FI normal FI normal 1 6 3 2 - 1 

*F 1 affected FI normal 2 23 11 7 3 2 
*F I affected FI affected 1 8 3 2 2 1 

The material consisted of three affected boars (which had been 
operated upon), three affected sows and one normal sow. Only one of 
the affected and the normal sow became pregnant, both the other 
sows having to be discarded. 

The author concludes from his study that this defect is inherited 
and that, among the progeny of affected parents, there occur indi
viduals which, though homozygous for the defect, do not manifest it. 
He points out that this type of inheritance has been observed in other 
forms, and suggests that recent observations on the pig by other 
writers and himself might be interpreted in this manner. 

WALTHER, PRUFER and CARSTENS (1932) submit evidence that the 
factors for atresia ani and for thick forelegs are linked (vide infra) . 

13. "Kinky" Tail 

NORDBY (1934b) describes a defect in the tail of swine which he 
calls "kinky" tail and which is genetic in its origin. The defect is 
characterised by rigid angles in the tail and is caused by unilateral 
fusion of adjacent caudal vertebrae. From the data accumulated, 
NORDBY deduces that this defect is due to a single recessive factor 
acting in the presence of inhibitory influences, so that the normal 
ratio does not appear. 

14. Paralysis of Hind Limbs 

MOHR (1930), cited by HUTT (1934), reports a condition character-

*) The same boar. 
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ised by complete paralysis of the hind limbs in homozygous piglings. 
The animals failed to live unless subjected to special treatment; the 
character is, therefore, a lethal one. When heterozygotes were mated 
together, normal and paralysed piglings were produced in the ratio 
of 71 : 25, from which the author deduces that the condition is 
dependent on a single gene. 

15. Thick Forelegs 

WALTHER, PRUFER and CARSTENS (1932) describe this phenomenon 
which consists of a gelatinous infiltration of connective tissue and 
modification of the normal muscle tissue through this connective 
tissue. The bones are also considerably thickened. Great variation 
occurs in the degree to which the abnormality is exhibited and it 
appears to be lethal in all cases except where the defect is only a 
slight deviation from the normal condition. Matings of a boar which 
exhibited this abnormality (and also carried factors for atresia ani 
and congenital blindness) with three of his daughters which carried 
the factor for thick forelegs gave the following results: 

No. of 
Sows 

1 

2 
3 

3 
2 
1 

6 

With 
No. of 

thick 
piglings 

26 
14 

11 
51 

forelegs 

6 
5 
2 

13 

23 
36 
18 

25.5 

With 
atresia 

ani 

3 
2 
2 
7 

12 
14 

18 

13.7 

2 
2 

1 
5 

The authors point out that in the case of thick forelegs the normal 
ratio (25.5%) of abnormal offspring was obtained, but in the case of 
atresia ani only 13.7% abnormal offspring were obtained in place of 
the expected 25%. This agrees with the findings of KINZELBACH 
(1931), (vide supra). With regard to linkage between thick forelegs 
and atresia ani, they are of the opinion that since 5 out of 7 piglings 
with atresia ani (71 %) also exhibited thick forelegs, this constitutes 
undeniable evidence of linkage since the number of animals exhibiting 
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both conditions was nearly three times as great as would be expected 
without linkage. 

16. Stringhalt 

WARWICK (1931) has observed at both the Wisconsin and the Ohio 
Experiment Stations pigs which in walking, jerk their hind legs. The 
feet may be jerked as high as the back. A partial recovery usually 
takes place after several months. The pigs affected at Ohio were all 
sired by one normal boar and two affected daughters were bred back 
to him. One of these gilts raised four pigs all of which showed 
abnormal locomotory powers. The defect occurred when they were 
only a few weeks old, but later they made a practically complete 
recovery; this was in marked contrast to the affected pigs observed 
previously, none of which showed the trouble at an earlier age than 
14 weeks. The inheritance of these defects is considered to be due to 
a combination of recessive factors. 

17. Bent Legs 

The occurrence of "bent legs" in the Swedish Large White is 
described by HALLQVIST (1933). The legs are said to be stiff and bent 
at right angles to the longitudinal axis of the body. Either the fore
legs alone or the hind legs as well, are affected. The animals are 
usually still-born or die very soon after birth. In 32 litters, 220 
piglings were normal and 46 abnormal which could all be traced to one 
boar. When 15 sows and 1 boar were tested for heterozygosity by 
mating with known heterozygotes, 1 0 sows proved to be heterozygous 
and the remainder homozygous or nornlal. 

18. Knock-Knees 

EVANS (1930) states that, as the bacon -breeds are becoming higher 
off the ground, the animals have to spread their forelegs in order to 
eat and this no doubt causes a tendency to knock-knees. This defect, 
however is more marked in some strains than in others and appear,;; 
to be most certainly of genetic origin. 
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19. Syndactyly 

ARISTOTLE, who related that "in Illyria, Paeonia and other places 
there are swine with a solid hoof', appears to have been the first to 
report syndactylous pigs. The classical case of these' solid-hoofed 
pigs has been described by STRUTHERS (1863) on the estate of NEIL 
MENZIES at Rannach, Scotland. Most of the animals were black. The 
original pair was brought to Rannach about forty years previously. 
They increased to several hundred and one wonders what the 
Scottish Highlander with his instinctive religious (and hereditary?) 
dislike of the porcine species thought of them. At the time STRUTHERS 
wrote, they were practically extinct. DABROWA-SZREMOWICZ (1905a) 

reported similar pigs with" a median line of demarcation of the hoof" 
which originated from a sow whose unusual description included 
"a long tail ending in a tuft". DARWIN (1868) gives a picture of an 
Irish pig which answered well to this description, and also possessed 
tassels. 

One of the earliest reports is that of the veteran investigator of 
animal peculiarities of Europe and America, AULD (1889), who states 
that "soliped" pigs were reported from Texas in the year 1878. An 
anatomical description is followed by the statement that the breed 
was so firmly established that no tendency to revert to the original 
form was observable. In the cross of solid with normal-hoofed 
animals, the majority of the litters were solid-hoofed. AULD indicated 
that "mule-footed" hogs were of frequent occurrence and cited cases 
in Iowa and Louisiana. Such pigs are not uncommon in America at 
the present day. The SIMPSONS (1908) considered the mule-foot to 
be a simple dominant over normal hoof. DETLEFSON and CARMICHAEL 
(1921) mated a black mule-foot boar to Duroc-Jersey sows. 280 
individuals were raised, all of which were syndactylous and self black. 
Among the F 1 females by a Duroc-Jersey boar, the ratio of mule-foot 
to cloven-foot was 17 : 23. There appeared to be no linkage of this 
defect with colour. 

MALSBURG (1924), with Polish pigs, and KALUGIN (1925), with 
Russian pigs, in matings of solid-hoofed X solid-hoofed obtained 
respectively ratios of 19 solid-hoofed: 7 normal and 55 solid-hoofed: 13 
normal. The condition is thus a simple dominant. MALSBURG ob
served three individuals that were syndactylous on the forefeet 
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only; these are not included in the above ratio. KRONACHER (1924) 

reports a case of a boar out of an Edeischw.ein sow X Improved Land
schwein boar,whose left hind foot was solid. All his 22 offspring out of 
normal sows were normal. 

20. Polydactyly 

This condition is met with in the pig as in other animals and has 
been known for many years. BATESON (1894) states that "of the great 
numbers of polydactyle feet recorded or preserved in museums all, I 
believe, are fore feet. No case of a polydactyle hind foot is known to 
me in the pig. All the cases are examples of proliferation upon the 
internal side of the digital series". 

MEINERS (1922) reviews the whole subject and adds a description 
of 7 cases noted by himself. In 92 cases, polydactyly was unilateral 
and in 7 cases, bilateral (forefeet only). The fact that in 93.34 per 
cent. there was anterior polydactyly and in 95.34 per cent. median 
polydactyly, is thought to be of special interest. He states that most 
of the cases hitherto described represented teratological phenomena 
and were mostly caused by disturbances of the amnion during de
velopment. 

In matings of polydactylous pigs, KALUGIN (1925) used one boar 
and six sows; only two of these sows showed complete polydactyly, 
i.e. not fewer than five toes on each foot. 53 offspring were produced, 
of which 45 were polydactylous, 32 being completely so and 13 

showing 4 or more digits on one or more feet. The normal-toed animals 
numbered 8. KALUGIN considers the condition to be a Mendelian 
domInant. In matings of syndactylous by polydactylous animals 29 

young were obtained. Four types were present in the following 
numbers: normal 4, syndactylous 3, polydactylous 10, combined 
syn- and polydactylous 12. These figures represent 22 polydactylous: 
7 non-polydactylous, a 3 : 1 ratio, and 15 syndactylous to 14 non
syndactylous, a 1 : 1 ratio. The results are interesting but scarcity of 
numbers barely justifies otherwise reasonable speCUlation. 

SCHOTTERER (1933) obtained among a litter of 12 piglings, 6 
showing polydactyly of the anterior limbs, the number of toes being 
4, 5, or 6. This defect was associated in some instances with cleft 
palates. HUGHES (1934) observed 13 cases of polydactyly in Duroc-
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Jersey pigs in a population of 125 at the California Experiment 
Station. The extra toe occurred equally among males and females 
and on one or both forefeet; the condition was not observed on the 
hind feet. The expression of the abnormality was so irregular that no 
attempt was made to analyse the mode of inheritance. 

21. Two-legged 

DARWIN (1868) quotes Colonel HALLAM who described a race of two
legged pigs, "the hinder extremities being entirely wanting". This 
deficiency was transmitted through three generations. The pigs were 
observed "at a town on the coast in the Tanjore country, in the year 
1795". One wonders what BUFFON would have said to these variations 
in the limbs of the pig, an animal which he describes (1780) as "an 
ambigious species" and later adds, "All his habits are gross: all his 
appetites are impure; all his sensations are confined to a furious lust 
and a brutal gluttony" 1). 

That "the animal participates of several species" he ascribes largely 
to its feet, "Its extremities which are cloven-hoofed have no re
semblance to those which are whole-hoofed. It even resembles not the 
cloven-hoofed animals; because, though it appears to have only two 
toes, it has no resemblance to the digitated quadrupeds; because it 
walks only on two toes, and the other two are neither so situated nor 
extended so far, as to serve the purposes of walking. It has, therefore, 
equivocal or ambiguous characters." 

IX. A NAT 0 M Y AND CON FOR MAT ION 

J. Face and Skull 

The action of man in the moulding of the face of the animals which 
he has domesticated, has, with the exception of the dog, nowhere had 
so great an effect as in the pig. The face of the pig may be of extreme 
length, like that of the deer hound (Saluki), or it may be almost as 
dished as that of the bulldog or pug. 

1) Contrast this with Buffon's description of the goat: "The he-goat is a 
beautiful, vigorous and ardent animal." 
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The SIMPSONS (1909) found that the long-snouted Tamworth 
crossed to the Large White (the latter having somewhat shorter faces 
than is the present fashion) gave progeny with an intermediate face 
shape. WENTWORTH and LUSH (1923) crossed the extremely long
faced Wild pig with the brachycephalic Berkshire. Save for slightly 
wider foreheads, the two F 1 which matured were indistinguishable as 
regards head shape from their Wild parent, nor could they be dis
tinguished in this respect from the F 1 of the Wild X Tamworth. The 
same writers report that the mating of Tamworth X Berkshire 
produced seven pigs with the typical Tamworth face, which is 
contrary to the results of the SIMPSONS. WENTWORTH and LUSH 
therefore conclude that in spite of the Berkshire and Yorkshire 
having a similar phenotype in this respect, their factor complexes are 
not identical. They also worked with the Duroc-Jersey which is 
intermediate between the Yorkshire and Tamworth. The face shape 
of th,e Fl from the Duroc X Berkshire cross approximated to that of 
the'l3erkshire but was not sufficiently dished to be the ideal type. In 
theF 2' there was considerable variation, the results obtained being as 
follows: 

Facial character 
Similar to 

I Intermediate 
I Similar to 

Berkshire Duroc-Jersey 

Forehead shape 37 2 3 
Dish of face . 17 9 16 
Length of face. 21 7 14 

NATHUSIUS (1864) found that in the early-maturing pigs, 'the skull 
is relatively broad and deep, but in the late-maturing animals the 
skull is long and narrow, as that of the Wild boar. 

KRONACHER (1930) found that the males of Wild X Landschwein 
cross had a skull intermediate though approximating to that of the 
Landschwein, while the sows approached the wild type very closely, 
but the evidence here is not good. TEODOREANU (1929) also made 
some observations concerning the profile and length of snout. CO N

STANTINESCU (1933) is of the opinion that in the Fl of Mangalita X 
Middle White, the Middle White profile is recessive and the head 
length intermediate. 
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HABU (1930) investigated the skull measurements of Middle White, 
Berkshire, Large White, Poland-China and Duroc-Jersey breeds and 
their Fl. The following measurements were used for purposes of 
comparison - the length: breadth index of the cranium and the 
curvature of the profile (the magnitude of the angle formed by the 
middle of the cranial line, the middle of the fusion of the frontal and 
nasal bones and the most anterior point of the nasal bone). The 
results indicated that the concavity of the line of profile is inde
pendent of sex and increases with age. The breeds are classified ac
cording to the average value of the angle, i.e. 138°-142° for Middle 
White and Berkshire, and 160°-164° for those with a straighter 
profile, i.e. Large White, Poland-China and Duroc-Jersey. In crosses 
between these breeds, and their reciprocals, the concavity behaves as 
an intermediate, with the exception of the Berkshire X Poland-China 
in which case the influence of the sire appears to be greater. Sex 
appeared to have no influence upon the length: breadth index, but 
again with one exception, that of the Yorkshire X Duroc-Jersey, in 
which the male appeared to have a greater influence. 

2. Ears 

According to CARR-SAUNDERS (1922), the erect ears of the Berk
shire are dominant to the lop ears of the Large Black. WENTWORTH 
and LUSH (1923) describe the result of crosses between the Berkshire 
and the Duroc-J ersey. The ears of the latter breed, while not lop, are 
of medium size, less pointed, and the outer third breaks over sharply 
and droops downward. The F 1 conformed more closely to the Berk
shire than to the Duroc-Jersey, while the majority of an F 2 of 42 were 
like the Berkshire, a few were intermediate and one had a typical 
Duroc-Jersey ear. WENTWORTH and LUSH think that there may be as 
many as three factors involved, as well as possibly a number of 
modifying factors for size, quality, and the amount of breaking over 
of the ear. 

KRONACHER (1924), working with parental breeds that were less 
homozygous than the above, comes to the conclusion that ear confor
mation is based on a series of factors, and that the position of the ear 
is independent of ear shape. One animal had one lop ear while the 
other was "semi-erect". On the whole, the tendency was for the F 1 
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to be intermediate but with variation to dominance occurring in both 
directions according to the parentai breeds employed. For instance, 
the tendency was for the lop ear of the Cornwall (Large Black) to be 
dominant over the more erect ear of the Improved Landschwein but 
only incompletely dominant over that of the Half-red Bavarian 
Landschwein. 

CONSTANTINESCU (1933) states that the form and direction of the 
ears of the Fl of Mangalita X Middle White crosses are indicative of 
incomplete dominance of the Middle White type. 

Of intereS't is the observation of DARWIN (1868) who stated that 
the pigs then found in the Orkney Islands were small, with erect and 
sharp ears and "with an appearance altogether different from the 
hogs brought from the south." 

3. Body, Length and Ribs 

PLAIM (1930), from measurements taken from a limited number of 
pigs of various breeds and crosses, states that on the whole, the pelvis 
is narrowest in the primitive European domestic pig, broader in the 
curly-haired cross of European and Indian pigs, and broadest in the 
highly-bred English breeds and their crosses. 

CONSTANTINESCU (1933) found the body length of the Fl of the 
Mangalita X Middle White cross to be intermediate between that of 
the parental types. FERRIN (1933), as a result of work carried out 
at the Minnesota Station, is of the opinion that depth and width of 
body are pronounced in the early-maturing type of pig. 

SHEPPERD et alii (1924) state that a bacon pig has 15 pairs of ribs 
whilst a lard pig has 14 pairs. In a group of 90 pigs, they found that 5 
had 14 pairs; 60 had 15 pairs; 20 had 16 pairs; and one had 16 on one 
side and 17 on the other. A more detailed investigation was under
taken by SHAW (1929). From some 4,000 records gathered from many 
different breeds and crosse:>, he obtained a definite degree of corre
lation between rib number and the "placing" of the carcase. The 
number of ribs varied from 13 to 17 pairs. Though variation occurred 
in all breeds, there was a distinct breed difference in the number. The 
larger breeds, especially those of the coarse type, appeared to have a 
greater number of ribs. The following table is of interest: 
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Table showing numbers 0/ ribs occurring in ditterent breeds, grades and 
crosses. (From SHAW 1929, p. 25) 

Rib No. 
Breed 

13 113 +*1 14114+1 15 115 +1 16116+1171 

Yorkshire . 94 2393 14 169 1 5678 
Berkshire 1 13 2 16 
Tamworth. 12 11 23 
D uroc-Jersey. 1 175 24 246 13 25 460§ 
Poland-China 1 2318 63

1
397 23 33 837 

Chester White 4 6314 70(31 10 6 641 
Hampshire. 1 121 11 120 9 13 275 
Yorkshiret x Tamworth I I 5 2 10~ 

Iowa Grades . 1 54 40 5 100 
Large White . 34 7 1 42 
Middle White 40 21 2 63 
Large Black 2 9 11 
Gloucester Old Spots 12 12 
Welsh. 16 36 2 54 
Lincolnshire Curly-Coated 34 7 41 
Large White X Large Black 5 10 15 
Large White X BeJ:kshire 21 8 29 
Large White X Middle.White 17 19 1 37 
Oxford X Large White 17 13 30 
Tamworth X Berkshire 35 13 48 
Large White X Welsh. 7 6 13 
Welsh X Large White. 22 37 10 69 
Tamworth X Gloucester Old 

Spots 8 4 12 
Tamworth X Yorkshire 6 10 3 19 
Berkshire X Tamworth 5 6 11 
Berkshire X Yorkshire. 4 7 11 
Yorkshire X Landrace ·Ill[ 185 139 37 I 2,374 

Rib number appeared to be closely correlated with length of side of 
bacon and thus with economic production, but there seemed to be no 
connection between sex and rib number. Litter mates showed less 
variation than unrelated animals. 

*) In 2nd, 4th, 6th and 8th columns are listed pigs showing uneven pairs 
or where one or more ribs were "floaters" or in any way defective. 

t) In the case of crossbred pigs (X) the breed of the boar is stated first. 
§) So in original. 
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Table showing variations among litter mates (From SHAW 1929, p. 26) 

No. of 

I 

No. of Rib No. 

litter 
pigs in 

I 14+ I I 15+ I I 16+ I litter 14 15 16 17 

I 13 I 6 1 6 
II 12 5 5 1 1 

III 12 1 11 
IV 12 1 11 
V t2 6 5 1 

VI 10 3 6 1 
VII 8 7 1 

VIII 14 3 8 3 
IX 10 3 7 
X 12 9 1 2 

---------------------
lIS 

1

19 
1 65 2 26 2 

Percentage 16.52 0.87 56.52 1.74 22.61 0.0 1.74 

AXELSSON (1933) obtained correlations of r = + 0.29 and + 0.35 
for body length and number of ribs. Although no genetic studies have 
been made concerning rib count, this quality is almost certainly 
principally governed by heredity. The development of a strain of 
pigs of uniform rib number should have possibilities, more especially 
if this character can be relied upon as an indication of carcase value. 

Variation in body length has been investigated at several pig 
testing stations, especially those of Sweden where attention has 
been directed towards this aspect of conformation owin.g to the 
relationship between body length and thickness of back fat. (See 
"Productive Qualities"). From their results, HANSSON and BENGTSSON 
(1926, ff.) demonstrate the importance of selecting for breeding 
stock sows which have long sides. In Denmark, JESPERSON and 
MADSEN (1929) confirm this statement. They also obtained a definite 
degree of correlation between back length and thickness, which 
cannot be greatly affected by either nutrition or environment. 

The relationship between conformation and market value has also 
been emphasised by FERRIN (1933) and HAMMOND (1932, 1933). The 
latter draws attention to the breed difference in the rate of develop
ment and growth. Certain breeds, such as the Middle White, reach 

Bibliographia Genetica XII 6 
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their maximum body length at a comparatively early age whereas 
other breeds, e.g. Large White, require a longer period of time. 

n would appear to the writers that body length must be very 
closely connected with rib count and therefore adds even greater value 
to rib number investigations. 

x. PRO D U C T I V E QUA LIT I E S 

I. General 

The destiny of the pig is meat. The type and quality of the meat is 
determined by the appetite of the human consumer whose demands 
are directed along three channels: fresh pig meat or pork, cured pig 
meat including bacon and hams, and lard; in this last'case the main 
function of the pig is to supply fat. The fact that certain parts of the 
pig can be utilised in an other form, e.g. as sausages, does not 
imply that such a commodity is a principal product. Generally 
speaking, sausages etc., are an important by-product of pigs produced 
either for bacon or for pork. Within wide limits, the type of the pig 
has no great effect on the quality of the sausage. 

The type of the pork pig varies with the market, from the sucking 
pig of some 40 lbs. (18 Kg.) live weight up to or over 200 lbs. (90 Kg.). 
As a rule, the range in most countries is from about 80 to 140 lbs.live 
weight (36-64 Kg.), though in the United States 225lbs. (102 Kg.) 
is considered to be the optimum weight for fresh pig meat (the term 
"pork" is not used in the United States). The pork pig must be a 
quickly-maturing animal and a reasonable amount of fat is no 
objection. 

The minimum live weight of the bacon pig is 190 lbs. (86 Kg.), with 
a maximum of 300 lbs. (136 Kg.) in certain countries and districts; as 
a rule the optimum ranges from 195 to 240lbs. (88-109 Kg.). The 
English market for bacon, cured in what is known as the Wiltshire 
manner, requires pigs from 195 lbs. to 220 lbs. (88-100 Kg.) live 
weight. Such a pig usually kills to about 75% of its live weight. The 
dead weight of such a pig should be not less than 140 lbs. (seven score) 
(64 Kg.) and not more than 170 lbs. (77 Kg.). SInce the English are 
the biggest buyers of pigs in the world market, these are the weights 
to which the producers of all exporting countries must conform. 
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Although the United States export a great quantity of pig products, 
consumption is over 90% of production, The type of bacon hog is 
slightly heavier than that required for the English Wiltshire market 
and ranges from 210 to 250 lbs. (95 to 113 Kg.) live weight. In North 
America, the same type of pig suits both the bacon and fresh meat 
trades. 

The third type is usually known as the "lard" type of hog. Such 
pigs weigh from 300 lbs. (136 Kg.) upwards live weight. Their major 
function is the production of fat, i.e. lard, of which, till recently, the 
United States have exported large quantities to the continent of 
Europe. The belly meat of these animals is utilised to provide the dry 
salt cure (PLUMB, 1927). According to WENTWORTH (1927), the 300-
pound hog yields the same percentage of raw leaf fat but a smaller 
percentage of prime steam lard when compared to smaller animals; 
the reason for this lower yield is that an outlet exists for fat backs, 
jowls and plates, which is more profitable than rendering these cuts 
into lard. The number of pigs of the lard type in the U.S.A. is rapidly 
diminishing and breeds such as the Poland-China which formerly 
furnished this type are now being modified. 

In Europe the outstanding example of the lard pig is the Mangalija 
which is usually finished at about 350 lbs. live weight. In view of the 
recent decline in international trade, Germany has turned to the pig 
for a supply of fat, not only to avoid Imports from the U.S.A., but 
also as a substitute for vegetable fats obtained chiefly from the East 
and from West Africa. With this end in view, there has been a 
tendency towards slaughtering at heavier weights and if the practice 
proves economically sound, doubtless special breeds will be created or 
the existing ones will be modified to suit the new requirem·ents. 

There is a considerable amount of literature on the relative merits 
.for bacon or pork production of the various breeds and crosses of pigs. 
Of outstanding importance is the work which has beel} done by 
various pig testing stations. Results have been published by many, 
amongst whom may be mentioned: JESPERSEN and MADSEN (1929, 
1931), LARSSON (1928), HANSSON and BENGTSSON (1923-1932), SMITH 
and CALDER (1928,1930), CALDER (1931), the Iowa Agricultural Ex
periment Station (1918,1922,1925, 1928a, 1930), LUSH (1931), and 
FERRIN et alii (1923,1930,1931,1932,1933). 

The methods employed by these stations are fundamentally the 
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same and are briefly summarised under the section "Methods of 
Improvement". From the results of these pig testing stations, a 
clear picture can be obtained of the efficiency of food consumption 
and bacon production of both individuals and breeds. It is clear that 
such results must be of great aid, not only to the individual breeder 
whose pigs are tested, but to the general improvement of the pig 
population. It is, however, more convenient to deal with the problem 
from the point of view of the animal rather than that of the investi
gator or the method of investigation. Accordingly, the present section 
is sub-divided into the following eight divisions: 

Meat Qualities. 
Type in Relation to Meat Production. 
Maturity. 
Economy of Live Weight Production. 
Slaughter Loss. 
Sex in Relation to Meat Production. 
Pure Breeds. 
Pure Breeds v. Cross Breeds. 
It will be noted that within each section the various authorities are 

usually quoted geographically in the following order: Scandinavia, 
Europe, United Kingdom, United States, British Dominions, and the 
rest of the world. 

2. Meat Qualities 

The influence of certain body characters upon ultimate meat 
production has received attention both in Denmark and in Sweden. 
JESPERSON and MADSEN (1931) emphasize the importance of selection 
by length, more especially as this character is not greatly influenced 
by environment and nutrition, but is a fixed attribute and of great 
economic value. They obtained a negative correlation between length 
and thickness of back fat of r = - 0.197 for males and r = - 0.145 
for gilts, and a positive correlation of r = + 0.2 between thickness of 
belly and thickness of back fat. Variations in length and belly were 
smaller than the variation in the thickness of back fat. LARSSON 
(1928) found that the thicker the back fat and the belly, the greater 
the slaughter loss. From Sweden comes the description of the results 
of SILVERHJELM (1933) in his selection for high quality bacon. With 
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data collected from a herd of Large White pigs, he obtained an 
increase of first quality bacon from 29 per cent in 1924 to 91 per cent. 
in 1931. There was also increased efficiency of food consumption and 
live weight gain. 

The results of JESPERSON and MADSEN quoted above were con
firmed by ROZYCKI (1933) who carried out slaughter tests with the 
pigs at the Stary-Brzesc Pig Testing Station (Poland). He concluded 
that body length is of the greatest importance in selection for the 
production of meat for export purposes. Furthermore, he found 
uniformity-and thickness of the subcutaneous fat to vary greatly, 
and the percentage of export material to range from 57 to 62 per cent. 
of the total live weight. 

From Germany comes the work of SCHMIDT, VOGEL and ZIMMER
MANN (1929), who investigated the problem of variation and found 
great individual differences both as regards the quality of meat and 
the weight of the various parts, as well as in the distribution of fat 
and flesh. In 1920, SEEDORF (1932) formulated the desirable qualities; 
of the pig and stated that the best pig was one that, together with its. 
offspring, produced the greatest amount of meat and fat with the 
greatest economy in a specified time. With this aim in view, tests 
were begun in East Prussia. 

That there is great need for improvement in Great Britain may be 
illustrated by the statement of DUCKHAM (1929a) who estimated that 
only two-fifths of the carcases handled under the East Anglian Pig 
Recording Scheme were suitable for the production of good quality 
Wiltshire bacon. Details of the main faults are of interest. It is stated 
that ,,60 per cent. of these carcases were penalized for having too 
thick back fat, 45 per cent. for uneven fat and heavy shoulders, 30 
per cent. were faulted on account of deficient length in relation to 
weight and 16 per cent. on account of thin flank and belly". The chief 
reason for faulting was that the time of marketing was too late. 
Slaughter at a younger age would obviate, to a great extent, the main 
defects of excess back fat and heavy shoulders. This is confirmed by 
the fact that 61 per cent. of the carcases of 140-160 Ibs. dead weight 
class and only 10 per cent. of the 180-200 Ibs. dead weight class were 
of good quality. KITCHIN (1931), in a later report, states that 38.6 per 
cent. of the carcases handled were graded as suitable for first quality 
bacon. The importance of slaughtering sufficiently early is again 
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emphasized. Under the new Pig Marketing Scheme in Great Britain, 
breeders have been remarkably quick to appreciate these points and 
the type of pig now marketed is showing a very considerable im
provement. 

Under this Pig Marketing Scheme no cognisance is taken of length 
of back in grading pigs. Only two measurements are made by which 
the quality of the carcase is assessed, namely, the thickness of the fat 
over the shoulder and the total thickness of the belly. According to 
JESPERSEN andMADSEN(1931),there is a positive correlation between 
the thickness of the back fat and the total thickness of the belly, and 
this is confirmed by ROZYCKI (1933). Yet the desired British standard 
is a thin back fat and a thick belly. It is possible that these two points 
may not be quite so incompatible as at first appears. Thick belly may 
be one of two types, the thickness being due either to fat or 
principally to lean meat. If the thickness is due to fat, one would 
expect a high correlation of the belly with the thickness of the back 
fat. If the thickness were due to lean, it might be found that a 
negative correlation existed between back fat and belly. 

From pig testing results, CALDER and SMITH (1928) came to the 
conclusion that bacon produced from Large White pigs was of better 
quality and of greater popularity with the consumer than that 
produced by Middle White pigs. 

The figures given by SINCLAIR (1932) for the grading of Canadian 
pigs are of interest, especially when compared with those of Duckham. 
SINCLAIR states that approximately only IS per cent. of the hogs 
marketed in Canada in 1931 reached the top grade of "select bacon" 

. and about 50 per cent. reached the two top grades. Roughly, only 
half of the pigs reaching the stock yards and packing plants of Canada 
in 1931 were of a type and quality to process into an article of any
thing like export standard. In the Province of Ontario, where the 
bacon type of hog has been established for several years, the two top 
grades constituted 80 per cent. of the carcases marketed, while in 
Alberta, where a fixed type has not been established for any length of 
time, only 34 per cent. of the produce fell into these two classes. 

3. Type in Relation to Meat Production 

Within the past quarter of a century, the type of pig fo
commercial production throughout the world, has undergone com 
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siderable modification. An interesting example of how this has 
occurred is to be seen in a series of papers which have appeared from 
the United States Agricultural Experiment Stations, especially from 
Illinois. It is interesting to note that in the United States, the change 
over in the type of pig can be in no small measure attributed to the 
professors of Agriculture from the Colleges of the Middle West -
and especially Iowa - who were the first to appreciate the fact that 
the type then in favour in the showyard was not the one most desir!!d 
by the .. packers", and who, by experiments conducted at the college 
slaughterlwuses, confirmed and elaborated this observation. 

The demand of the market for lean meat from young pigs tends to 
make selection by type of equal, and even greater, importance than 
selection by breed. However, the type produced by a specific cross at 
the present time may not be the same as that produced by the same 
breeds in the future, and again, the product of a specific cross today 
may not suit the market requirements of to-morrow. Many investi
gations have been undertaken in an attempt to determine the mode 
of inheritance of various qualities which go towards the production of 
the ideal bacon or pork type of pig, but there are difficulties in such 
analysis. Not the least of these is that the type demanded by the 
consumer to-day cannot be regarded as final. 

HANSSON and BENGTSSON (1930) emphasize the importance of 
selecting breeding animals on the basis of conformation, as this seems 
to be a reliable indication of good bacon-producing ability. Tests were 
carried out in order to ascertain how nearly placing by exterior 
judgment agreed with carcase placing. The result of these tests was 
as follows: 59 per cent. of the pigs judged by their exterior were 
assigned to the price which corresponded to the quality of their 
meat; 34 per cent. were placed in a class which differed from the 
right place by only 1 degree, while in only 7 per cent. of the cases did 
exterior judgment prove to be quite erroneous. (See also JESPERSEN 
and MADSEN, p. 000). 

LETARD and LEGENDRE (1933) stress the importance of early
maturing strains within breeds and the need for encouraging the 
production of a uniform type of pig of the right age and weight by 
means of a grading system. 

This essential change in type to suit market requirements is also 
emphasized by HAMMOND (1934) who states; .. Sinc~, at the present 
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time, the majority of our pigs are supplying the pork market, and 
these are of the short, blocky, early-maturing, and quick fattening 
type, there must needs be a change in type if a pig which has the 
right proportions at 100 lbs. live weight for pork is to be killed at 200 
lbs. live weight for bacon. The type within any breed may be changed 
by selecting for length and increase in size as was done with the 
Poland-China breed in U.S.A., when the demand for lard decreased 
owing to competition with the vegetable fats. Feeding the animal on 
a lower plane of nutrition with more protein and less carbohydrate 
food will also help to give a higher proportion of muscle to fat where 
pigs of the pork type have to be carried through to bacon weights." 

The importance attached to selection by type is also emphasized 
by LUCEY (1931-32) who maintains that the excellence and uni
formity of Irish bacon is due to this method of selection being 
practised for some time. In the production of Irish bacon, farmers are 
advised to ignore colour and breed and to refrain from using the 
short thick-set type of pig for breeding. DAVIDSON (1927) has sug
gested concentrating upon the improvement and efficiency of one 
type rather than upon several breeds of pigs. Provided the type of pig 
is good, it should be equally suitable for either bacon or pork. 

NORDBY (1932b) discusses type in relation to dressing percentage 
and concludes that the "chuffy" (pork) type is excessively fat and 
has a lower quality and quantity of wholesale cuts. LAIBLE, BULL and 
MITCHELL (1924) and BULL et alii (1929), in their carcase comparisons 
of "rangy", "intermediate" and "chuffy" types, demonstrated the 
intermediate type to be superior as regards quality of grade, quantity 
of bone in the hams, percentage of fat and skin, and general finish. 
The "intermediate" type was finished and firm at 225 lbs. while some 
of the "chuffy" type were overfinished and the "rangy" type, un
finished. Carcase measurements showed that the length of carcase, 
head, neck and legs varied with type, but type had no effect upon 
depth of chest and length of body proper, as these varied more with 
the individual rather than with the type. BULL et alii (1929) maintain 
that type is not a controlling factor in either rate or economy of gain. 
FARGO and COYNER (1930) state that the type of pig which makes the 
most rapid gains produces meat of better quality with a higher 
dressing percentage. 

From the results of the Iowa Experiment Station (1918), the more 



PRODUCTIVE QUALITIES 89 

rugged type of pig, such as the Tamworth or Yorkshire, appears to be 
of greater economic value than the smaller heavier type. The large 
deeply-covered lard pig was found to be highly efficient. The snlall 
closely set refined pig developed early and stayed fat but the cost of 
production was high; such pigs were found to be liable to pulmonary 
trouble. In later experiments (1922, 1925, 1928a), very similar results, 
were obtained. The big type of pig makes more rapid gains from 
weaning until 225lbs. live weight is reached. The smaller types give a 
better dressing percentage, but the carcases are too fat. HOGAN 
(1923) was lIDable to obtain any significant differences between the 
various types of pigs, while EVVARD and CULBERTSON (1926) arrived 
at conclusions similar to those of the Iowa workers. FERRIN (1933) 
states that the work at Minnesota shows depth and width of body to 
be pronounced in the early-maturing type of swine. 

SINCLAIR and SACKVILLE (1927) consider that breeding plays a 
greater part in the production of the bacon type of pig than feeding. 
Another paper which draws attention to the importance of selection 
by type is one from New Zealand (1930). 

Meat qualities such as thickness of back fat, texture of fat. 
"marbling!' of the lean with the fat, and the percentage of dead to 
live weight, are undoubtedly influenced to a considerable extent by 
disease, husbandry and nutrition. MURRAY (1934) found that depth 
of side increases wit. rate of gain and that back fat increases with 
increase in the rate of gain. To judge from the Danish, American and 
German work quoted above, these qualities are also appreciably 
conditioned by genetical factors. 

4. Maturity 

Type merges into the whole question of early maturity, which 
KRONACHER (1930) attributes principally to genetic factors; this 
point of view is supported by the reports of the testing stations in 
Denmark, Sweden, the United States of America and Scotland. 

LARSSON (1928) deals with the type of animal and the degree of 
fattening and slaughter loss. He gathered his material from various 
pig testing stations in Denmark.The thickness of back fat was found 
to be the best measure of the degree of fattening and bacon quality. 
A negative correlation was obtained between degree of fattening and 
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body length, the longest animals being the least fat. A weak positive 
correlation was found to exist between thickness of back fat and 
thickness of belly. In conclusion, LARSSON states that the large type 
of animal is the best bacon producer, as it reaches the desired weight 
of 90 Kgs. at a younger age and with less fat formation. LUND, BECK 
and ROSTING (1925), in their comparison of the Danish Landrace and 
the Yorkshire breeds, found that the Landrace attained slaughter 
weight 10 days earlier than the Yorkshire. 

The observations of SCHMIDT, VOGEL and ZIMMERMANN (1929) 
concerning the variations in type of the Landschwein, lead to the 
conclusion that no correlation exists in respect of the development 
and food consumption between animals of the two particular types 
which occur in the Landschwein breed. 

According to MOSKOVITS (1931), the capacity for flesh formation 
is more dependent upon the hereditary disposition than is that of 
fat formation. As flesh forms only during the period of growth, too 
early maturity results in over-fattening, whilst on the other hand, too 
late maturity results in over-aged animals. Great importance is 
attached to the value of crossing, as type is more important than 
breed. The aim is uniformity which must ultimately eliminate breed 
differences. 

At the Scottish Station, SMITH and CALDER (1930) found the 
average age at which the pigs reached 200 lbs. live weight to be 229 
days, but the different litter groups showed considerable variation. 

The following variations in the rate of maturity shown by litters 
produced by one sow and sired by four different boars are reported 
by BUCHANAN SMITH (1934): 
By boar I a litter of 9 made 0.83 lb. live weight gain per day. 

n " 10 0.84 
III " 9 1.05 " 
IV " 10 1.05 " 

The first two litters required about 240 days to reach bacon weight, 
the third 200 days and the fourth only 195 days. 

In America, CULBERTSON, EVVARD, KILDEE ~nd HELSER (1931) 
reporting on the Iowa Station Experiments, show that in reaching 
225 lbs. live weight, the litter making the quickest gain was 22 per 
cent. faster than the average of 44 litters tested. This litter variation 
was also commented upon by FERRIN, ANDERSON and JOHNSON 
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(1932), who pointed out that in this variation lies the opportunity for 
selection and development of strains of pigs which are highly ef
ficient. FARGO and COYNER (1930) found that their fastest growing 
litter gained at the rate of 1.86Ibs. and the slowest, of 1.15Ibs. per day. 
Furthermore, the quicker growing pigs consumed less food .(360 lbs. 
against 485 lbs.) and produced carcases of top quality with a dressing 
percentage above the average. 

R6YZCKI (1933) calculated the range of variation in weight within 
tested litters to be 3.5-20.0 per cent. 

Another factor to be considered, and one which is closely allied to 
maturity and live weight gain, is birth weight. Opinions are diverse as 
to the effect of birth weight upon the final weight. AXELSSON (1928) 
obtains correlations of r = + 0.6765 and + 0.7083 between the litter 
size at birth and weight at 3 weeks old. WILD (1927), on the other hand, 
states that the birth weight is no indication of the subsequent gain in 
weight. STAHL (1930) states that, as would be expected, litters of more 
than 13 or 14 do not give such satisfactory results from the point of 
view of ultimate production. STAHL maintains that there is a close 
connection between the weight of the breeding sow and that of the 
piglings. Another table which is of interest in that it shows that litter 
size does not appear materially to affect maturity (expressed as 
weight at eight weeks old) is that from New Zealand, (1930): 

Number of pigs I Number of Litters I Average Litter I Average Weight 
per Litter Weight per Piglet 

lbs. lbs. 
5 44 lSI 30.2 
6 69 185 30.8 
7 85 206 29.5 
8 86 238 29.8 
9 58 252 28.0 

10 41 276 27.6 
II 13 319 29.0 
12 3 361 30.0 

HAMMOND (1922) has investigated the rate of maturity of different 
breeds of pigs, and his results are summarised in Table IX of his 
paper: -
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Rate of Maturity of different breeds of pigs 
Weight as percentage of weight at 11 months old 

Pen of 2 classes 

Age in months 3 5 7 9 
Middle White . 20 31 55 85 
Berkshire 21 29 54 84 
Large White 18 22 81 
Tamworth 72 82 
Large Black 65 79 
Somersetshire . 32 80 
Lincolnshire Curly Coated 14 67 79 
Dorset. 
Small White .. 55 79 

5. Economy of Live Weight Gain 

Single pig 
classes 

9 
86 
81 
81 
86 

96 
68 

That certain individuals and breeds are better "feeders" than 
others has long been recognised by the practical stockman. In the 
pig it has been clearly shown that some animals utilise their food 
more economically than others. In the cost of production of a bacon 
pig, it is reckoned that the food costs constitute approximately 75 
per cent. of the whole. Thus, any economy in this direction has far
reaching results. The reports of the pig testing stations are particu
larly valuable for genetic enquiry, in that the nutrition and environ
ment at anyone station are held as stable as practicable and hence 
the genetic aspects stand out in sharp relief. It is not possible to 
compare exactly with each other the reports of the various testing 
stations, though the Danish ones are so well controlled that the 
results of one may, within reason, be compared with those of others 
in Denmark and Sweden. Stations outside Scandinavia have different 
methods and different finishing weights. 

Some interesting figures are given by BECK (1931). The food con
sumption per pound of live weight gain varies from 2.93Ibs. to 4.26 
lbs. per litter group; the average, which varies slightly but not 
significantly with the breed, is about 3.25 lbs. 

SCHMIDT, VOGEL and ZIMMERMANN (1929) emphasize the value of 
pig recording for disclosing the most productive strains. They found 
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that the energy value of food required by different pigs under the 
same conditions varied from 250 Kgs. t9 336 Kgs. The digestible 
protein also varied from 33 Kgs. to 43 Kgs. Similarly, the results of 
WELLMANN (1930) indicated that while Mangalija pigs required 9.2 
Kgs. of food per 1 Kg. live weight increase, Berkshire pigs needed 
only 8.1 Kgs. to produce an equal gain. 

BUCHANAN SMITH & CALDER (1930) also discuss this question. 
Their data comprised 35 litter groups from the Scottish Pig Testing 
Station. The average food consumption per lb. of live weight gain 
was found to.. be 4.56 lbs., the highest 5.51 lbs., and the lowest 3.68 
lbs. The early-maturing pigs proved to be the more economical 
producers. A certain variation was due to the season of the year. 
BUCHANAN SMITH (1934) reports the following average food require
ments for litters sired by four different boars: 

Boar I 3.9 lbs. meal per lb. of live weight gain. 
II 3.13 

III 3.9 
IV 3.31 

The whole question of growth in pigs is interestingly discussed, 
though hardly from a genetical aspect, by HAMMOND (1922). 
Particular reference might be made to the note on the change in 
growth rate of the Berkshire pig, the results of which are to be found 
in Table XVIII of that paper (see page 96 infra). Results of the trial 
carried out at the Lord W ANDSWORTH Institution (Anon. 1923), 
although based on very small numbers, indicate that while pure
bred Large Black pigs required 3.3lbs. of meal, cross-breds required 
only 3.1 lbs. for every pound of live weight increase. 

CULBERTSON and EVVARD (1925) observed that pure-bred Poland
China piglings (high grade Poland-China sow X pure-bred Poland
China boar) made greatest average daily gain and required less food 
as compared with half and three-quarter bred Poland-China X 

European Wild. 
Later, CULBERTSON, EVVARD, KILDEE and HELSER (1931) analysed 

the proportions of the food eaten by the various litter groups tested 
under the National Swine Record of Performance Scheme. All litters 
tested in this scheme are fed standardised rations consisting of shelled 
corn, supplemental mixture (protein) and mineral mixture, until each 
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group attains an average live weight of 225 lbs. These authors point 
out that when the litters are arranged in order of merit according to 
the amount of food consumed per 100 lbs. live weight increase, the 
litter ranking first is not necessarily the one which has made the most 
economical gain since it may have consumed relatively more of the 
supplemental mixture - the expensive portion of the ration - than 
other litters showing a higher total food consumption. For example, 
out of 44 litters tested by these workers, the one placed first, with a 
total food requirement of 358 lbs. per 100 lbs. live weight increase, 
consumed 71 lbs. of the supplemental mixture, while the litters 
placed second, third and fifth, with totalfoodrequirements of 361lbs., 
363 lbs. and 368lbs., required 55 lbs., 60 lbs. and 58 lbs. respectively 
of supplemental mixture. Thus those three litters showed more 
economical gains than the first. The average amount of food con
sumed per lb. of live weight gain for 44 litters ranged from 3.58lbs. to 
4.68 lbs., while the average for all lots was 3.97 lbs. CULBERTSON, 
KILDEE, HELSER and HAMMOND (1932, 1933), in litter comparisons 
under the same scheme, obtained a range of from 346 to 451 lbs. of 
food required per 100 lbs. live weight increase, with an average re
quirement of 396lbs., for 20 litters tested during 1931, and a range of 
from 344 to 413lbs., with an average of 376lbs., for 17 litters tested 
during 1932. Similar variations were obtained in the amount of 
supplemental (protein) mixture consumed. 

Similarly, FERRIN, ANDERSON and JOHNSON (1931, 1932) obtained, 
per 100 lbs. live weight increase, ranges of 342-414 lbs., 345-409 
lbs., and 331-384lbs. for 9, 12 and 13 litters tested in 1929, 1930 and 
1931 respectively. Their figures also show that litters which consume 
the smallest total amount of food per 100 lbs. live weight increase 
do not necessarily make the most economical gains, owing to a 
relatively high consumption of the expensive protein constituents 
of the ration. 

MOHLER (1933), chief of the Bureau of Animal Industry, United 
States Department of Agriculture, reports that twelve litters of pig
lings born in the spring of 1932 were tested against seven litters born 
in the autumn of the same year. "Four pigs were used to represent 
each litter. They were on test from 72 days of age until they reached 
a final weight of approximately 225 lbs. The variation in average 
daily gain for the twelve groups of spring pigs was from 0.56 to 1.41 
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pounds. Feed consumed per 100 pounds gain ranged from 360.7 to 
503.6 pounds. The seven groups of fall pigs ranged in average daily 
gain from 0.98 to 1.63 pounds, whereas the feed consumed per 100 
pounds gain ranged from 336.2 to 396.1 pounds. Wide differences in 
efficiency of production were associated with differences in breeding 
among the groups. The importance of basing selections of breeding 
animals on progeny tests is emphasised by these results." MOHLER 
also gives some interesting figures concerning the influence of the age 
of the dam. Pigs were divided into three groups according as to 
whether their dams were gilts from gilts, gilts from old sows, or old 
sows; the three groups were fed under uniform conditions to a market 
weight of approximately 200 pounds. "During this feeding period the 
pigs whose dams were gilts from gilts made an average daily gain of 
1.35 pounds, those from gilts from old sows 1.43 pounds, and those 
from old sows 1.40 pounds. The respective quantities of feed con
sumed by the pigs per 100 pounds gain were 382.8,399.2 and 416.7 
pounds." 

BAIRD (1923) and MILNE (1920), of Canada, both investigated this 
problem of economy of live weight gain. The former obtained greater 
economy of gain with the Yorkshire than with the Berkshire, whilst 
the results of the latter showed no significant differences between 
Berkshires, Yorkshires and Duroc-Jerseys. In the experiments of 
ROTHWELL (1924), 15 Yorkshire pigs made an average daily gain of 
0.69Ibs. per head during 42 days, as compared with againofO.79Ibs. 
made by the Berkshires. 

The figures given above amply prove that there is genetic vari
ability underlying the economy of live weight gain. This gain may be 
considered as comprising two. distinct aspects which interact, viz. 
early maturity and the ratio of food consumption to live weight gain. 
It has been shown (DUNLOP, 1933) that other factors, namely, age, 
sex, condition, and previous growth rate, have no effect on the rate 
of live weight increase of pigs. 

6. Slaughter Loss 

Of great importance is the proportion of the finished carcase which 
is available for human consumption. Work on the killing percentages 
has been carried out in connection with pig testing and economy of 
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live weight gain investigations. LARSSON (1928) found that the thicker 
the back fat and belly, the greater the loss during slaughter. HANS
SON and BENGTSSON, in theIr many investigations of the comparative 
values of the Landrace and Yorkshire, are generally in agreement as 
to the slight superiority of the Yorkshire regarding the loss during 
slaughter, the slaughter loss percentage being apptoximately 26 and 
25 respectively. 

R6zYCKI (1933) found that the percentage of export material 
ranged from 57 to 62 per cent. of the total live weight gain. This 
figure is not the same as live to dead weight percentage: but is an 
indication of the variation which occurs. 

SCHMIDT and VOGEL (1928) calculated that the slaughter loss aver
aged 21 per cent. of the live weight and was approximately equal for 
both heavy and light animals. There was, however, great individual 
variation, ranging from 25.69 per cent. to 16.85 per cent. In a later 
paper (1930a), the slaughter loss for male and for female was found 
to be about equal, although the total dressed weight of the male was 
somewhat higher. 

HAMMOND (1922) has investigated thi:s problem in great detail. His 
table showing the percentage increase in carcase weight with advance 
in age is most interesting. This increase is due to the development 
with age of muscle and fat without a corresponding increase in the 
size and weight of other organs of the body. He tabulates these facts 
as follows: 

Changes in the proportional development of Berkshire pigs from 
Period I (I903-6) to Period II (I907-I3) 

Percentage of live weight 

I 3 months I 5 months I 7 months I 9 months I 11 months 
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HAMMOND mentions the following three main factors which he con
siders to be responsible for the variation in carcase percentage at any 
one age: 1) differences in fatness, 2) early maturity, and 3) the 
amount of food in the alimentary canal. He also summarises the work 
of various dieticians which indicates that various types of rations, 
rickets, starvation, etc. will ultimately affect the proportions of the 
body and therefore influence the slaughter percentage. 

HENNING & STOUT (1932) who investigated the factors which 
influence the dressing percentage of hogs, could obtain no sIgnificant 
effect of production factors upon yield. Pigs receiving corn alone 
gave as good dressing percentages as those receiving more expensive 
and better balanced rations. Furthermore, they could find no differ
ence in yield between pure-bred or cross-bred pigs; age also appeared 
to have no effect. The four factors positively correlated with yields are: 
the amount of lard, the corn-hog ratio, sex, and live weight. Their 
results are shown in the following table: 

The Correlation ot Yield ot Hogs, slaughtered under Federal Inspection, 
with the Percentage ot Lard, Percentage ot Barrows slaughtered, Live 
Weight, and the Corn-hog Ratio tor the United States tor the years 

I923-I 930 

(Check sum method used) 

Unadjusted 
Yield correlated with coefficient of 

Lard ..... 
Corn-hog Ratio • 
Barrows .. 
Live weight. . 

correlation 

0.621 
0.478 
0.407 
0.229 

Coefficient of 
determination 

Pct. 
38.62 
22.84 
16.56 
5.24 

It can be seen that the amount of lard (or degree of fatness) has the 
greatest effect upon the loss at slaughter. 

In the investigation of NORDBY (1932b), no significant difference 
was detected between the killing percentage of a group of five pigs of 
the "chuffy" type and a similar group of the large type. BULL and 
LONGWELL (1929), on data gathered from 189 pigs slaughtered at 
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175, 225 and 275lbs. respectively, found that the very "chuffy" type 
of pig dressed higher when slaughtered at 175 lbs. than the inter
mediate and rangy types, but at other weights there were no signifi
cant differences in the dressing percentages. CULBERTSON et alii 
(1928) obtained dressing percentages ranging from 80.4 to 82.4 per 
cent. from data which included 10 litters fed and slaughtered in im 
identical manner. 

7. Sex in Relation to Meat Qualities 

The general opinion appears to be in favour of the superiority of 
the female as an economical producer of first class meat. DUCKHAM 
(1929a), from data gathered by the East Anglian Pig Recording 
Scheme, finds that gilts tend to produce bacon of superior quality. 
On the whole,gilts are seldom faulted for insufficient length in relation 
to weight, over-thick back fat, heavy shoulders, or thin flank, all of 
which are very important considerations in the economic production 
of bacon. PARK (1930) and BULL and OLSON (1931) are all in agree
ment as to the superiority of hams produced by gilts. LACY (1932) 
found that gilts yield a definitely higher proportion of the more 
desirable cuts, but with a slightly lower quality of bacon. On the 
other hand, YATES (1934), in the course of a feeding experiment, 
found no trace of any sex difference in performance between pigs of 
opposite sex of the same litter and receiving identical treatment. 

The dressing percentage of barrows and gilts is approximately 
equal, the difference being only 0.3 per cent. For example, results 
of Canadian investigations fail to show a significant difference 
in the dressed yields of barrows and sows. The differences were 
too small and inconsistent to be of value from a practical 
point of view. 

AXELSSON (1933) analysed various body characters in both the 
male and female and found that in all cases the female was superior 
as regards maturity and the rate of development of desirable meat 
characters. He is, therefore, strongly in favour of females for bacon 
production. BECK (1933) also found that in all breeds, and especially 
in the Landrace, sows (i.e. gilts) were superior to boars. The slaughter 
loss amongst males was 5.5 per cent. and among females only 3.1 per 
cent. 
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SCHMIDT, VOGEL and ZIMMERMANN (quoted by KRALLINGER, 1930) 
are in favour of the castrated male for purposes of meat production. 
REED (1922) was able to produce a more rapid gain in males than 
females, while DAVIDSON (1927) discusses the possibility of main
taining a bacon type of pig for both pork and bacon production and 
suggests that this might be done successfully by using hogs for pork 
and gilts for bacon. 

8. Pure Breeds 

Several of the principal breeds have been the subject of investi
gation. Of these investigations, greatest attention must be directed 
towards the work carried out in Scandinavia in breeding bacon pigs 
for the English market. HANSSON and BENGTSSON, in their numerous 
papers, have reported on the relative merits of the two breeds which 
the Swedish farmers have found by experience to be the best suited 
both to their own methods of production and to the requirements of 
the English producer, viz. the Swedish Landrace and the English 
Large White or Yorkshire. Their data were collected from perform
ance tests carried out at the Astorp Pig-Testing Station. For these 
tests, 4 piglings, 2 of each sex, from each tested litter were sent to 
the Station. During growing and fattening periods the usual records 
were kept. 

These writers, (1928), state that the Landrace gave a somewhat 
smaller yield of bacon for export; the Yorkshire was superior in 
firmness of back fat, ham development and belly bacon, whilst the 
Landrace had greater body length, thickness, and distribution of 
back fat. When slaughtered, 67 per cent. of the Landrace pigs were 
placed in Class I, while the corresponding figure for the Yorkshires 
was not more than 52 per cent. They emphasize the fact that the 
production of first class bacon for export does not necessarily mean 
less rapid growth or greater food consumption. In the following year, 
(HANSSON and BENGTSSON, 1929a), the results of tests of 63 ex
perimentallots, 12 of the Landrace and 51 of the Yorkshire, during 
the year 1928 are summarised as follows: 
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Comparison 0/ the relative values 0/ the Landrace and Yorkshire 

I 
Landrace 

I 
Yorkshire 

Gain per animal per day in gms 636 619 
Food consumption per kg. gain (food 

units) 3.56 3.73 
Bacon, % 62.2 62.3 
Wastage, % 11.8 12.5 
Slaughter loss, % 26.0 25.2 
Grading 

No. of pigs in Class I, %. 53.2 55.0 
No. of pigs in Class II, % . 29.0 25.4 
No. of pigs in Class III, %. 17.8 19.6 

Economic value (No. of points) 74.0 72.0 

The period covered by these figures is from 8-9 weeks old to the 
attainment of an average live weight of 90 kgs. From the above table 
it can be seen that the difference between the two breeds is negligible. 
In a later paper (HANSSON and BENGTSSON, 1931), the more 
important results of tests of 106 experiment lots, 26 ofthe Landrace 
and 80 of the Yorkshire, during the year 1930, are summarised as 
follows: 

I Landrace I Yorkshire 

Age in days at slaughter 169 176 
Gain in weight per pig per day (gms.) 689 652 
Number of food units per Kg. gain. 3.40 3.57 
Export bacon (per cent.) 60.9 61.2 
Slaughter waste (per cent.) 14.2 14.2 
Slaughter loss (per cent.) 24.9 24.6 
Animals in Class I (per cent.) . 38 47 

II ( " " 
) 33 27 

III ( " " 
) 29 26 

Economic value (No. of points) 75.5 73.8 

The tests began when the average body weight was about 20 Kgs. 



PRODUCTIVE QUALITIES 101 

and the animals were slaughtered at 88-89 kgs. It is pointed out 
that, in the above figures, kidney fat, formerly included under bacon, 
is counted as slaughter waste; consequently the proportion of bacon 
is somewhat lower compared with earlier results. It will be seen 
that the averages for both breeds are fairly close; the authors 
emphasize, however, that considerable differences occur in some of 
the groups. 

LUND, BECK & ROSTING (1925), in a similar comparison of the 
Danish Landrace and the Yorkshire breeds, had very much the same 
results. Here the Yorkshire showed slight superiority as a producer 
both of good quality and of quantity of export bacon, while the 
Landrace had a somewhat longer body and attained slaughter weight 
10 days earlier. 

SCHMIDT, VOGEL & ZIMMERMANN (1929), in a comparison of the 
slaughter loss of the Improved Landschwein and the White Edel
schwein, found this to vary between 18% and 21 % for both breeds. 
They also found no difference in the distribution of fat and flesh and 
the weight of separate parts. Their observations have led them to 
conclude that there are no distinct breed differences in respect of 
performance characters such as development and food utilisation. 

As stated before, WELLMANN (1930), working in Rumania with the 
Berkshire and Mangalija breeds, shows that the former require 8.1 
Kgs. of food per 1 Kg. live weight increase, and the latter 9.2 Kgs. 
CALINESCU (1929) discussing the relative yields from Mangalija and 
Berkshire pigs, gives these figures - Mangalija yield 54% fat and 
Berkshire 37% fat. The work of RACZ (1931) is of interest in that it 
shows the importance of continued selection within the breed if steady 
improvement is to be achieved. He demonstrates in the following 
table that selection has been responsible for great improvement in 
the Mangalija breed: 

Weight at birth of Mangalija litters 

" 28 days 
56 

" weaning 

1928 

8.66 Kgs. 
30.4 
55.4 
60.7 

1930 

8.89 Kgs. 
31.3 
58.2 
68.8 
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In Canada, BAIRD (1923) carried out feeding tests with Y orkshires 
and Berkshires and found the latter breed to give smaller gains with 
greater costs. MILNE (1920) obtained the following figures for food 
consumption per lb. of gain: Berkshires 5.15 lbs.; Y orkshires 5.15 
lbs., and Duroc-Jerseys 5.71 lbs. ROTHWELL (1924) obtained results 
in favour of Berkshires rather than Y orkshires. As a result of five 
years of testing at the Ontario Agricultural College, the following 
breeds were placed in this order of merit: Duroc-Jersey, Berkshire, 
Tamworth and Yorkshire. 

The table of REED (1922), given below, is of interest for breed 
comparison. It can be seen tliat, on the whole, the Yorkshire made 
the most economical gains; it also produced the type of car case most 
nearly approaching that required by exporters. 

Yorkshire .. 
Berkshire .. 
Duroc-Jersey 

Live Weight gain 
per Day 

Male, lbs. I Female, lbs. 

1.123 
1.089 
1.303 

0.997 
0.815 
0.930 

Average food 
cost of gain 

per lb. 

3.06 cents. 
3.25 
3.40 

Results from New Zealand (1930) appear to indicate the 
superiority of Large Black and Large White as bacon producing 
breeds. 

It should be noted that in all breed comparisons due allowance 
must be made for the large differences which are likely to occur be
tween the average results of the progeny of different boars of the 
same breed, as pointed out by MURRAY (1934). 

9. Cross Breeding versus Pure Breeding 

For commercial meat production, many producers use the first 
cross between breeds, the backcross, or the progeny of the first cross 
by a sire of a different pure breed. There are two reasons for the 
undoubted success, in many instances, of one of these policies. 
Firstly, from the genetical point of view, there is reason to believe 
that crosses between certain breeds exhibit the phenomenon of 
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heterosis. Secondly, from the practical point of view, it is sometimes 
advantageous that the dam of a first cros.s be of a hardy breed which 
can withstand climatic conditions and rear her young under a some
what rigorous environment, while the sire comes from a more quickly 
maturing and somewhat less hardy breed. The progeny can then be 
raised more economically than if they belong to the breed of the sire, 
and they will also reach maturity more quickly than if they belong to 
the breed of their dam. Furthermore, there is evidence which indicates 
that in certain breeds the maternal instincts are more highly 
developed than in others and therefore one possible justification for 
this practice is that the progeny, while inheriting the meat qualities 
of their sire, benefit also from the mothering of their dam. However, 
in pigs, the second policy holds to a much lesser extent than in 
cattle or sheep, except in the case of the grazing or "pasture" pig. 
As a rule, bacon production is more intensive than beef production, 
w1:J.ile mutton is the least intensive of all. Sheep breeders, therefore, 
are the most likely to adopt cross breeding. Let us now examine the 
data on the pig. 

AXELSSON (1929a) obtained the greatest gain with the pure-bred 
Swedish Large White, and does not favour cross breeding if the 
greatest economy of gain is the object. On the other hand, BECK 
(1931) states that there is no real difference between the gains made 
by the Yorkshire, the Danish Landrace, or their first crosses. Ap
parently he did not find evidence in favour of either cross or pure 
breeding. In support of selection within the breed rather than crossing 
as a means of improvement may be mentioned HANSSON & BENGTS
SON (1923 etc.). They state that excellent results can be obtained by 
selection of families within a certain breed, as considerable variation 
occurs in individual strains. 

RICHTER, HEMPEL, OHLIGMACHER and RODEWALD (1928), taking 
measurements at the fifth and the tenth week, found the cross-breds 
to have greater depth, larger chest measurements and altogether 
better conformation than the pure-breds, which had less width, larger 
heads and sloping pelves, thus giving the impression of late maturity. 
SCliMIDT and co-workers (1926, 1929) are also in favour of cross
breds for high efficiency of production and good utilisation of food. 
They (1929) draw attention to the occurrence of great individual 
variation both in respect of fat and flesh distribution. 
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RACZ (1931) found that at weaning, cross-bred Mangalita X Berk
shire weighed 4 to 5 Kgs. more than pure-bred Mangalita, and at 1 
year the cross-breds weighed 75 Kgs. and the pure-breds only 60 Kgs. 
In other words, the cross-breds weighed 10% more at weaning and 
15% more at 1 year than pure-bred Mangalitas. On the other hand, 
the pure-bred animals gave a better distribution of fat and lean than 
the cross-bred. KRONACHER (1930), who has probably a wider ex
perience than any other investigator, reports that he has never 
observed the phenomenon of heterosis in his many crosses. KENNES
SEY (1930) carried out a biometric comparison of Berkshire pigs which 
had been raised in Hungary, with those imported from England, and 
found the former to be in no way inferior. He states that Berkshires 
are much used for crossing with the Mangalita to produce a type of 
pig excellent for fattening. 

IVANOV (1933) describes the results obtained by crossing Large 
Whites bred in Ukraine with the local native breed. The cross-breds 
showed greater fertility and a larger number of live offspring per 
litter, the average litter size being 13.9 and 12.9 respectively. The 
total number of all offspring from 100 sows (including sterile ones) 
showed an excess of 15 per cent. in favour of cross-breds. Gain in 
weight and percentage of mortality were also in favour of cross-breds 

HAMMOND (1922) expressed the opinion that crossing increases 
vigour, size of offspring and early maturity. From his data, which 
were drawn from the Large, Middle and Small White, Large and 
Small Black, Berkshire, Tamworth, Lincoln Curly Coat, Dorset and 
Somerset breeds, he concludes that there exists a breed difference in 
the ability to utilise food rather than actual food capacity. There is 
also a breed difference in the time taken to attain maximum develop
ment, the Middle White being the earliest to mature. Cross-breds were 
usually found to be heavier than their parents. Later, BUCHANAN 
SMITH and CALDER (1930) obtained no significant difference between 
the live weight gain of 15 pure-bred Large White litter groups and 13 
groups of Large White X Large Black. 

Work carried out at-the Lord WANDSWORTH Institution, (Anon., 
1923) gave results in favour of the cross-bred pig. The trial, which 
consisted of only 9 pure Large Black and 9 Berkshire X Large Black 
cross-bred animals, proved that the cross-breds were superior both as 
regards meal consumption and live weight gain. GRANDI (1931) is 
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also in favour of cross-bred stock for the production of bacon or pork 
pigs. The crosses found to be most satisfactory were, for bacon, Large 
White male X Large Black female, and for pork, Large White X 
Middle White cross-bred female by a Middle White boar. Pure-bred 
Middle Whites were found to be somewhat blocky. 

According to LUCEY (1931-32), the marked improvement in the 
quality and uniformity of the Irish pig population is due to rigid 
selection and to the use of premium boars which have been chosen 
according to the length and depth of side, fineness of shoulder, and 
ham development. Again the value of the pure-bred animal selected 
for type is emphasized. 

This muc,h discussed question as to the relative merits of cross
bred and pure-bred pigs has received a great deal of attention from 
workers in the United States. COOPER (1914) is in favour of pure-bred 
animals as the most economical producers. LUSH (1923) crossed 
Duroc-Jerseys and Berkshires and obtained more satisfactory results 
from cross-breds than from the average of the two parents. He points 
out that while the Flare likely to give good results, the F 2 are usually 
slightly inferior. For this reason he concludes that it is safer to limit 
crossing to distinct types within a breed. HICKS (1922) gained 4.75 $ 
profit from cross-breds (Yorkshire X Duroc-Jersey) and only 3.68 $ 
profit from pure-breds (Yorkshire). CRAFT (1927-30) states that out
bred pigs make a greater gain in 8 per cent less time than pure
bred pigs. 

GRIMES and SEWALL (1928) state that, as the grade of the pig 
increases, so the food consumption decreases owing to improved food 
utilisation: 87.5 per cent of pure-bred pigs reached the final stage 61 
days earlier and required 167lbs.less food for each 100 l1>s. of gain 
than did scrub animals. Pigs that were 50 per cent pure-bred gave a 
more satisfactory performance than those that were 75 per cent pure
bred. This work was continued (1929, 1930) and a pure-bred boar was 
used for 3 generations with marked improvement in type, quality, 
and ability to make cheap and rapid gains. This may be seen in the 
following table: 
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Time required to 
Average daily Food required per 

reach 200 lb. 
live weight 

gain 100 lb. gain 

Scrub pigs. 244 days 0.95 lb. 465.35 lb. 
50 % grades . 201 1.18 403.37 
75 % " 

201 1.19 387.63 
87.5% 

" 
187 1.26 381.52 

TINLINE (1922, 1923), in an attempt to determine the best cross, 
obtained the most rapid gains from Yorkshire boar X Berkshire sow 
crosses. He found Duroc-Jersey X Yorkshire to give the most rapid 
and economical gains, but the carcase type was not so desirable for 
bacon. HAYWARD, (as quoted by KRONACHER 1924) is also in agree
ment as to the superiority of cross-breds with regard to size, growth 
and vigour. CULBERTSON and EVVARD (1925), at the Iowa Station, 
compared the average daily gain made by pure-bred Poland-China 
and cross-bred Poland-China X European Wild piglings, and, as 
might be expected, found the former more satisfactory. 

ROBERTS and LAIBLE (1925) carried out double-mating experi
ments in whichDuroc-Jersey sows were mated first to a Poland-China 
boar and then to a Duroc-Jersey boar. Six of the pig lings were Duroc
Jerseys and four were cross-breds. The pure-bred averaged at birth 
3.25 lbs. and the cross-breds 3.75 lbs. Two of the former raised to 6 
months averaged 185.5Ibs., while the four cross-breds averaged 235.2 
lbs. These differences are attributed to heterosis, but the results were 
obtained from only one litter and the subsequent work of CARROLL 
and ROBERTS must be considered. These workers (Illinois Experiment 
Station, 1926) double-mated Duroc-Jersey and Poland-China boars 
with 5 Duroc-Jersey and 5 Poland-China gilts. The cross-bred 
and pure-bred offspring showed no significant difference in vigour 
or size at birth, and no marked superiority was exhibited by either 
group in the utilisation of food and economic gain. Later, (1928) 
CARROLL and ROBERTS, found no indication of significant differences 
in the rate of economy of gain made by cross-bred and pure-bred 
pigs farrowed in the same litter. 

Similarly at Iowa, SHEARER et alii (1926) also practised double 
mating as a means of determining the difference in growth etc. be-
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tween cross-bred and pure-bred pigs. They double-mated pure-bred 
Poland-China sows with Duroc-Jersey and Poland-China boars and 
obtained 5 litters in which there were 31 cross-breds and 21 pure
breds. At birth, the pure-breds were slightly heavier, averaging 2.89 
lbs. as compared with 2.66 lbs., but only 67 per cent. of the pure
breds were classified as excellent against 71 per cent. of the cross
breds. Again, 9.5 per cent. of the pure-breds and only 3.2 per cent. of 
the cross-breds were born dead. The rate of increase in live weight up 
to weaning was similar for both groups. For the period from weaning 
to 225 lbs. Hve weight, the cross-breds showed their superiority both 
as regards rate of gain, capacity and utilisation of food, body growth 
as determined by measurements, and calculated profit over food 
cost. 

Both these investigations at Illinois and Iowa were conducted by 
the most competent workers. The difference in the results obtained 
from these two apparently similar experiments is probably due to the 
strains of the parent breeds. In Iowa they "nicked"; in Illinois the 
breeds, while not antagonistic, probably possessed genetic consti
tutions of greater dissimilarity. This emphasises the point that strain 
within a breed is frequently as important as the breed itself. 

CRAFT (1924-26) studied the effect of limited inbreeding and out
crossing in swine. At birth, the outcrosses showed a slightly heavier 
average weight but the differences were not significant. At weaning, 
the limited inbreeding groups averaged 5.2 lbs. heavier but there 
were no other significantly different characteristics. Surplus animals 
were fattened to market at 200 lbs. live weight but again results for 
each group were similar. M'PHEE (1932), who found that crosses of 
inbred Tamworth X Chester-White gave uniform and vigorous Fl 
stock, supports the theory that heterosis is responsible for the superio
ty of certain first crosses over pure-bred animals. 

REED (1922) was able to produce more rapid gains with the Berk
shire X Duroc-Jersey cross than with the Yorkshire X Berkshire 
cross. In the feeding tests of TOOLE and KNOX (1926), pure-bred 
Yorkshires, Tamworths and Berkshires gave more satisfactory 
results regarding consumption than the first crosses of those breeds. 
Also from Canada comes the account of a double-mating experi
ment. Duroc-Jersey sows were mated both to a Duroc-Jersey and 
to a Yorkshire boar. The result was nine cross-bred and nine pure-bred 
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piglings. At 180 days of age the cross-breds averaged 16.5 lbs. 
heavier than the pure-breds. 

For economical production in China, HABU (1932) recommends 
crosses of Poland-China X Berkshire (both ways), Berkshire X Large 
White, and Middle White X Poland-China. 

On the whole, it would appear that the first cross between certain 
breeds is desirable for commercial meat production, and particularly 
for bacon pigs. The fact that, in certain instances, the cross-bred is 
not superior to the pure-bred is an indication that hybrid vigour is 
not a universal phenomenon but depends both upon the breeds 
themselves and the strains within the breeds. This is precisely what 
the science of genetics would lead us to expect. In view of the fact 
that the different breeds of pigs are as a rule bred less for their 
suitability for a particular environment (as is the case with sheep) 
than for particular qualities, this practice of cross-breeding may 
be taken as evidence of the existence of heterosis. 

XI. MET HOD S 0 F IMP R 0 V E MEN T 

1. Introduction 

It is safe to say that the full benefit of genetics will not be obtained 
until some standards of production are established. Before the 
scientist can control the transmission of heritable characters and 
pass this information on to the practical breeder, he must have a 
precise definition of these characters. It is natural, therefore, that 
there should be a desire to establish a standard for the pig whereby 
this animal may be improved as an economical producer of food. 
This desire has already iound expression in many parts of the world. 
It is the object of the present section to discuss what has been 
achieved along these lines in the different countries. Both Govern
ments and breed societies are considering, or have already adopted, 
methods either of advanced registry or of more detailed pedigree 
registration; hence it would seem opportune to make a critical survey 
of such work as has been accomplished and to direct attention to 
those methods which experience indicates to be best adapted to 
meet the needs of the present day. 

Any system of more elaborate registration than the mere record of 
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ancestry is a perfectly logical step in the evolution of methods of 
animal improvement. No one will deny the tremendous impetus 
given to the British breeds of livestock by the establishment of herd 
books, an impetus which is still felt in our market for the export of 
pedigree stock. In the early days of the various breeds, the breeders 
of pedigree stock were not as numerous as they are now, and there 
was more personal intercourse amongst them; it is probable that each 
breeder was intimately acquainted with the quality of the stock of 
most of his competitors. To-day, a larger number of pedigree breeders 
are engaged in the business; they are distributed over a much 
wider area and therefore much of this intimate knowledge of the 
type of stock in relation to pedigree is no longer available. Further, in 
the early days of pedigree breeding, every local market had its 
peculiarities and the local breed was bred to suit that need. To-day, 
local peculiarities in demand tend to be submerged into the popular 
standards demanded by the general consumer. 

Under these circumstances, it is not surprising that there has arisen 
a certain amount of discussion as to whether pedigree is really of 
much value. This criticism is not without some justification. The 
time is now ripe to take steps to increase the value of pedigree by 
recording (not necessarily in the herd books) the productivity of the 
pig as well as the fact that it has been bred pure. A pig with a pedigree 
implies that it is aiming at something higher than the average. A pig 
with a record provides information as to whether it has or has not 
achieved this. 

Thus, any proper system of advanced registry in pigs will really 
be an accumulation of facts concerning the growth of pigs in general 
and a certain individual hog .in particular. In effect, it becomes the 
science of the type of the pig. To get this knowledg.e or science we 
must employ tools upon which, as Lord KELVIN once declared, all 
accurate scientific work must be founded, namely weighing and 
measurement. Thus, improvement of the breed or race is closely 
associated with the advancement of our knowledge concerning the 
genetic qualities of the pig, a fact well illustrated in the preceding 
section of this paper. That these two points are so closely connected 
furnishes additional reason why a further section of the paper can, 
with profit, be devoted to the practical methods employed in 
different parts of the world for the improvement of the pig. 
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2. Litter Testing 

The Litter Testing Stations which are situated in many countries 
in Europe and America are of the greatest importance to the pig 
industry. They have brought about improvement in methods of both 
breeding and feeding. The analyses of data gathered from these 
stations have demonstrated the close association of breeding with 
economic production. By maintaining two constants of environment 
and nutrition, the influence of genetic factors can be more easily 
determined. 

Pig testing, as at present understood, originated in Denmark, 
where, in 1896, the first tests of thriftiness and quality were carried 
out on the farms of certain breeders. In 1907 the first testing station 
was opened in that country and since then many more have been 
established. 

The technique of testing at all these stations is very similar. A 
given number of males and females, usually two of each, is drawn 
from each litter which is to be tested. Great stress is laid on the 
methods of selection of this "litter group", for it should be as re
presentative as possible of the whole litter. On arrival at the station, 
the pigs are weighed. They are then maintained at the testing station 
under identical environmental and nutritional conditions and are 
slaughtered on reaching a certain weight; during the test the food 
consumption and live weight gain are noted. The carcases are 
weighed and the proportions of lean, fat, bone, offal and various cuts 
are calculated. American methods are an exception in that only two 
of the four pigs are slaughtered: the remaining two are returned to 
the farm and used for breeding purposes. There is much to be said in 
favour of this plan. 

From these data, it is possible to obtain the individual or litter live 
weight gain per day; food consumption per pound of live weight 
gain; individual litter or breed variations in growth and efficiency, 
besides much information concerning prolificacy, mothering ability, 
slaughter loss, quantity and quality of meat produced, and the 
economics of bacon and pork production. 

3. Pig Recording 

Litter testing as a means for the improvement of the pig may be 
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described as analogous to the laying trial method for the improvement 
of poultry, since in both cases selected samples are sent to a centre to 
be tested, under carefully controlled conditions, against similar 
samples from other breeders. Pig recording, on the other hand, may 
be compared to milk recording for dairy cattle. The recorder visits 
the farm and either makes or checks the records, and no attempt is 
made to standardize the conditions of the different producers. Thus 
the figures obtained in pig recording are an index of the combined 
effects of heredity, nutrition and husbandry generally. 

In detail, the method of pig recording varies, but it is usual to 
record the numbers born, numbers and weight at weaning, and the 
numbers, age and weight when despatched for slaughter, or at some 
given weight or age. Not infrequently the weight at some pre-weaning 
age (usually three weeks) is also recorded. Slaughter tests and carcase 
measurements, as in litter testing, are also frequently made. 

HAMMOND (1934a) sums up the results as follows: 
,,(1) The mothering qualities of the sows and the efficiency of the 

breeding, feeding and management up to weaning time, which can be 
measured by taking the weights of the litters at 8 weeks old (and if 
desired by pedigree breeders at 3 weeks old as well). 

(2) The rate of growth to bacon weight, i.e. the efficiency of the 
system of feeding and management, which can be measured by the 
number of days taken to reach 200 lbs. live weight (or in days ± a 
standard growth curve). 

(3) The quality of the carcase produced, which can be measured by 
graders at the factory who would, if the carcase was below first grade, 
state the reason why (too fat, too thin in belly, etc.), so that steps 
could be immediately taken to put it right by changes either in the 
method of feeding or in the breeding stock." 

In that litter testing is the better index of the hereditary qualities 
of the pig, less emphasis is laid, in the following pages, on pig 
recording. This, however, does not imply that the authors consider 
pig recording as of no value. Improvement is the function both of 
heredity and environment, but this paper is concerned with the 
genetical aspect. 



112 THE GENETICS OF THE PIG 

4. Current Methods ot Litter Testing and Pig Recording 

(a) Den mar k 
Although most breeders are familiar with the actual work carried 

out at the testing stations, there are still many people who do not 
fully appreciate the part which they play in the Danish pig improve
ment scheme. Some time previous to the introduction of testing, the 
Government had instituted a number of subsidised "Breeding 
Centres" and, owing to close supervision of these Centres by State 
officials, very full information relating to the breeding capacity of 
the stock was obtained by means of detailed private herd registers. 
In addition to this breeding information, the Litter Testing Stations 
provided details of carcase quality and the economy of food con
sumption. Owing to the small size of the country and the manner in 
which the breeding centre scheme has been organized, practically all 
the commercial pigs of Denmark are the immediate descendants of 
animals which have been tested. Thus, the livestock authorities have 
been able to maintain considerable control over the fecundity,quality 
and thriftiness of the commercial pigs used throughout the country. 

This work has produced information of considerable scientific value, 
as witness the papers of JESPERSON, MADSEN, LUND, ROSTING and 
BECK, whose various scientific results have been quoted in their 
appropriate places in this monograph. 

(b) S wed e n 
Sweden, largely owing to her greater size and varied geographical 

conditions, has but recently concentrated upon bacon production to 
the same extent as Denmark, but is nevertheless fully aware of the 
value of pig testing and recording. The first attempt to apply such 
methods resulted in the establishment of a Litter Testing Station at 
Astorp in Scania, the southernmost province of the country. This 
station was modelled very closely upon the Danish ones, and al
though only completed in 1923, it has already produced several most 
interesting reports. In general, the methods are the same as those 
employed in Denmark and much of the information is similarly 
tabulated. Owing to the fact that the predominant breed in Denmark 
is the native Landrace, whereas in Sweden over eighty per cent. of 
the pure-bred pigs are Large Whites descended from stock imported 
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from Great Britain, the Swedish results are not only interesting in 
themselves but can be applied to' a cOJ)siderable extent to British 
problems. Among those who are predominantly concerned with the 
Swedish reports may be mentioned the names ofAxELSSON, JOHANS
SON, HANSSON, BENGTSSON and LARSSON. 

But the position in Sweden is of double interest for those studying 
the question of type improvement since, in addition to Testing 
Stations, there has been organised a Pig Recording Scheme. By 
having both these methods employed simultaneously, the value of 
each is greatly increased. The criticism of the Litter Testing Stations 
is that their results can only apply to a small percentage of the 
population. On the other hand, critics of Pig Recording aver that the 
interaction of numerous different factors affects the figures obtained, 
so that it is not easy to distinguish the principal causes responsible 
for the production of particular records, or to compare pigs raised on 
one farm with those produced at another. If the information obtained 
by recording is checked at a testing station, then it can be of the 
greatest value. 

(c) G e r man y 
For the present no national scheme exists in Germany, but pig 

recording has been commenced in the two provinces of East Prussia 
and Hannover. Generally speaking, the methods employed under 
both schemes are similar, although each province lays more stress 
on some aspects than on others. In East Prussia recording has 
been carried out since 1924 by sixteen recording societies with 
approximately 250 herds and a total of 2,750 recorded sows. The 
authorities in charge of this scheme have experimented with many 
different types of records, but have decided that the most important 
thing from a practical point of view is to obtain as large a number of 
absolutely reliable records as possible of the one or two important 
aspects of fecundity. 

Results have been described by SCHMIDT, VOGEL, ZIMMERMANN, 
WILD, SEEDORF and DAHLANDER. 

(d) Pol and 
Poland has now established pig testing stations on the lines of 

those in Denmark (ROZYCKI, 1933). Four pigs from each litter are fed 
Bibliographia Genetica XII 8 
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on a standard ration up to about 200 lbs. live weight, when they are 
slaughtered and classified according to bacon quality. The results 
obtained so far show a lesser degree of uniformity than those found 
in Scandinavia. It is stated that the Polish pigs are less early maturing 
than those of other countries. 

(e) G rea t B r ita i n 
In England the "Cambridge" Scheme of Pig Recording was in 

operation during 1928-1931. During the same period in Scotland 
an experimental testing station was established at Edinburgh. Both 
of these, having served their purpose, are now defunct. Various 
counties in England now have recording schemes which it is 
designed to co-ordinate into a national scheme. In Scotland, the 
plans for a Testing Station have been proposed, but, owing to the 
depression, the work is not being pressed forward. Reports on the 
British work have been written by DAVIDSON, DUCKHAM, KITCHIN, 
PRICE, SMITH and CALDER. 

(I) Canada 
For the improvement of Canadian pigs the Government has 

adopted an advanced registry policy for pure-bred swine. This was 
inaugurated in 1928 and is not dissimilar to the systems of pig 
recording which have been established elsewhere. The policy is 
outlined by ROTHWELL, MACMILLAN and PETERSON (1931), and by 
ROTHWELL and PETERSON (1934). 

The avowed object is "to provide the swine industry with a system 
of pig testing organized on a national basis". Individual sows are 
tested for prolificacy, feeding qualities and carcase quality of their 
progeny. All sows and all their progeny are identified by tattooing. 
Breeders are required to keep private herd records. Inspections of 
herds are made by officers of the Dominion Department of Agri
culture when pigs are from four to eight weeks of age. The pigs are 
then tattooed, weighed, and the breeder is required to select five pigs 
from each litter to be fed for a slaughter test. Four of these, after 
being reared and finished for market, are shipped to a designated 
packing plant. 

A standard for qualification of the sows is based on three main 
factors: 
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(1) Production capacity of the sows; 
(2) Capacity of the sows' progeny for early maturity; 
(3) Quality of the progeny as revealed in the carcase test. 
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A sow, to qualify, must obtain a specific standard in each of these 
respects. Boars may qualify by siring at least three litters, the dams 
of which have qualified as a result of scores secured through such 
litters. Details are given concerning the carcase tests and the method 
of grading. These are distinctly interesting. 

Advanced registers have already been published by the LIvestock 
Branch of the Dominion Department of Agriculture for pure-bred 
swine. The list of sows and boars which qualified during the year 
ending March 31 st, 1933, comprises some 100 names. Full particulars 
are given concerning the progeny of each sow, particularly as regards 
the slaughter tests, the points for which are given in detail. It is thus 
possible for a breeder whose carcases do not come up to standard in 
one respect to find out from the Register a breeder whose pigs can 
supply the deficiencies of his own stock. 

(g) U. S.A. 
A national co-operative performance record scheme is now in 

opera ion in the United States, organised by the U. S. Department of 
Agriculture, the National Swine Record of Performance Committee 
and the agricultural experiment stations, particularly those of Iowa, 
Minnesota, Wisconsin, West Virgmia and Ohio. Litters to be tested 
must consist at weaning time (56 days) of at least seven pigs if from 
gilts and of at least eight pigs, if from older sows, and must be 
from pure-bred parents (i.e. they must be pure-bred or the first cross 
of two pure-bred animals of different breeds). Four pigs from each 
litter, two barrows and two gilts, are sold by the breeder to the 
experiment station at the top Chicago market price. When delivered, 
they are immunised against hog cholera and subjected to vermifugal 
treatment. On attaining 72 days of age the test is commenced and the 
animals are fed rations which are standardised for all lots tested at 
all the stations participating in the scheme. When the pigs reach 225 
lbs. live weight, the two barrows and one gilt are slaughtered, and 
the value of the carcases is carefully assessed. Thus a record of the 
rate and economy of live weight gain, feed requirements and the 
quantity and quality of pork produced is obtained. The breeder is 
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given the opportunity of buying back the remaining gilt at the top 
Chicago market price. 

The National Swine Growers' Association, in conjunction with the 
National Association of Swine Records, has recently launched a 
scheme of pig recording. Litters are ear-marked at seven days, are 
weighed when from 50-62 days of age and again at from 170-190 
days. Notes on feeding and management are made. A supervisor 
checks the results for a maximum of 50 herds for each district. 

Those whose names should be mentioned in this connection are, 
from Iowa, LUSH, CULBERTSON, KILDEE, EVVARD, HELSER and HAM
MOND; from Minnesota, FERRIN, ANDERSON and JOHNSON; from 
Illinois, BULL, OLSON, BIGGER, LONGWELL, LAIBLE and CARROLL; 
and from Ohio, ROBISON. 

5. Boar Testing 

Another method of improvement is that of boar testing. Work 
along these lines has been done in Russia. KUDRJ AVCEV (1932, 1933) 
made attempts to determine the genotype of the stud boaL For this 
purpose he used a method of diallelic and polyallelic crossing, in 
which two or more males can be tested in two seasons. The method of 
testing is briefly as follows: A given number of sow groups are chosen 
to equal the number of boars to be tested. Each sow group is then 
divided into two sub-groups. In the first season, each boar is mated 
to the sows of the first sub-group of each group. In the second season, 
matings are reciprocal, that is each boar is mated to the sows of the 
second sub-group of the same group. Conditions of feeding aDd 
environment are held as constant as possible and a control group of 
sows is introduced further to eliminate errOL This is exactly the 
method which has been employed for the past four years at the 
experimental farm of the Institute of Animal Genetics, at the 
University of Edinburgh. 

The writers hold that it is by the employment of this method on as 
large a scale as possible that a substantial advance will be made in 
the analysis of the inheritance of the productive qualities of the pig. 
It also furnishes the only sound method for the progeny testing of 
boars. 
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6. Conclusion 

In the foregoing sections dealing with production and methods of 
improvement, much has been included which must seem to the purist 
to be far removed from the science of genetics. Until the productive 
qualities of the pig have been further analysed, the ultimate synthesis 
is not possible. There is, however, a demand for the immediate 
improvement of the hereditary qualities of the pig. The writers claim 
that the preceding pages show that already there exists knowledge 
which can profitably be employed to this end. Inevitably, at the 
present, improvement must take place to a great extent by the 
method of trial and error. But from the foregoing pages we are 
persuaded that the time is not far distant when, the analysis of the 
genetic aspect of the productive qualities of the pig being further 
advanced, a more scientific synthesis will be possible. 

We have considered carefully whether these sections ought 
properly to be included in a paper which reviews the genetics of the 
pig. Although these pages do not contain much that is of precise 
genetic fact, we contend that the papers cited do contain the 
foundation for the proper genetic analysis of the productive 
qualities of the pig. Hence, there is no need to apologise for their 
inclusion. 

It must be remembered that it is only within the past five years 
that attention has been properly directed to this subject. Some seven 
years ago one of the present authors declined to compile this paper 
on the ground that there was little information available that was 
either scientifically accurate or economically valuable. Now the 
difficulty is to keep pace with all the work which is being done. 

Surely these facts are an omen of the part to be played in the future 
by Science as a means for the improvement of the productive qualities 
of the pig. 
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FIG. 1. (Photo. by courtesy of Professor 
A. L. Anderson, Iowa State College) 

U.S.A . 
Poland-China. 

Barrow. 
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U .S.A. 
Ta mworth. 

Barrow. 

FIG. 2. (Photo. by courtesy of Professor 
A .. L. Anderson , Iowa State College) 

FIG. 3 . (Photo. by courtesy of Professor 
A. L. Anderson, Iowa State College) 

U.S.A. 
Spotted 

Poland-China. 
Barrow. 
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FIG. 4. (Photo . by courtesy of Professor 
A. L. Anderson, Iowa State College) 

U.S.A. 
Hampshire. 

Barrow. 

U.S.A. 
Berkshire. 

Gilt. 

FIG. 5. (Photo. by courtesy of Professor 
A. L. Anderson, Iowa State College) 

FIG. 6. (Photo. by courtesy of Professor 
A. L. Anderson , Iowa State College) 

U.S.A . 
Hampshire boar 
which developed 
spots at over two 

years of age. 
See p. 
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FIG. 7. (Photo. by courtesy of Professor 
J. L. Lush, Iowa State College) 

Denmark. 
Danish Landrace. 

Gilt . 

U .S.A. 
H ereford. 
Piglings. 

123 

FIG. 8. (Photo. M. Knudsen, by courtesy of 
Dr. K . Madsen, Copenhagen) 

FIG 9 . (Photo. by courtesy of Professor H . Nachtsheim, 
Inst. f . Vererbungsforschung, Berlin-Dahlem) 

Germanv . 
Hannover 
Improved 

Landschwein. 
Hog. 
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FIG. 10. (Photo. by courtesy of Mr. A. E. Perkins, 
Gloucestershire Old Spot Pig Society) 

U.S.A. 
Duroc- Jersey. 

Gilt. 

Great Britain. 
Gloucestershire 

Old Spots. 
Gilt . 

FIG. II. (Photo. by courtesy of Professor 
A . L. Anderson, Iowa State College) 

FIG. 12. (Photo. by courtesy of Professor 
A. L. Anderson, Iowa State College) 

U.S .A. 
Chester-White. 

Barrow. 
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FIG. 13. (Photo. by courtesy of Mr. B . J. Roche, 
Large Black Pig Society) 

Great Britain. 
Wessex 

Saddle back. 
Gilt . 
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Great Britain. 
Large Black. 

Gilt (6 months). 

FIG. 14. (Photo. by courtesy of Mr. A. Hobson, 
National Pig Breeders' Association) 

FIG. 15. (Photo. by courtesy of Mr. A. Hobson, 
National Pig Breeders ' Association) 

GReat Brita in. 
Berkshire. 

Boar. 
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FIG. 16. (Photo. by courtesy of Mr. A. Hobson, 
National Pig Breeders' Association) 

Great Britain. 
Middle White. 

Gilt (6 months). 

Great Britain. 
Large White. 

Gilt . 

FIG. 17. (Farmer & Stock-breeder Photo) . 

Great Britain. 
Tamworth. 

Boar. 

FIG . 18. (Farmer and Stock-breeder Photo). 
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FIG. 19. (Photo. K . Wittstock, by courtesy of Professor 
H . Nachtsheim, lnst. f. Vererbungsforschung, 

Berlin-Dahlem) . 

Germany. 
Half-red Bavarian 

Landsch wein. 
Sow. 
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Germany. 
GUstin Pasture . 

Sow. 

FIG. 20. (Photo. after Dr. C. Kronacher, 
Allgemeine Tierzucht) 

FIG. 21. (Photo. byc-ourtesy of Professor 
G. K. Constantinescu, National 
Zootechnic Institute, Bucharest) 

Roumania. 
Mangalita. 

Sow. 
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55,58. 

Foetal atrophy 44. 
Food consumption 84, 85, 

90, 92, 104, 107, 112, 114. 
and live weight gain 92-

95, 100-104, 106 108 
110. " 

Food costs 92, 102, 107. 
Free-martin 59. 

Gestation period 42, 43. 
Gloucester Old Spots 20, 26, 

I 80,124. 

Intelligence 39, 40. 
Intersexuality 59, 60. 
Iowa Grades, 80. 

Jersey-Red 4. 

Kentucky Red 
17, 27. 

Kinky tail 71. 
Knock-knees :/3. 

Berkshire 

Landschwein, Improved 33, 
38,39,63,75,90,101,123. 

colour 4, 7, 9, 10, 15,28. 
conformation 77, 79. 
sex 48, 49, 55, 56, 58. 

Lard type 5, 83. 
Large Black 48, 55, 66, 125. 

colour 7,8, 11,20,21,24, 
26. 

conformation 78-80. 
productive qualities 92, 

93,102,104,105. 
Large Ear, pig 13. 
Large White 31, 33, 39, 62, 

112,126. 
colour 7-9, 13, 14, 19,26. 
conformation 77, 78, 80, 

82. 
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productive qualities 85, 
86, 89, 90, 92, 95, 96. 

pure and cross-breeding, 
99-102,104,108. 

sex 46, 52, 55, 56, 58, 59. 
Lemon colour 11. 
Lethal factors 60, 72. 
Lincoln Curly Coat 31, 80, 

92, 104. 
Line breeding 55. 
Linkage 25, 27, 28, 34, 71, 

72,74. 
Litter size 37, 41-52, 91,104. 

testing 110-115. 
uniformity 56. 

Live weight gain 48,85, 100, 
102, 104, 110. 
economy of 29, 88, 92-

95,106,115. 
rate of 88, 89, 95, 106, 

111,115. 

Mackerel marking 19. 
Mammae 51,52; cf. nipples. 
Mammary pigment 66. 
Mangali~a 30, 31, 33, 38,77, 

79,127. 

Pigment 5, 6, 10, 13,27,28, Solid hoof 74. 
66. Somersetshire breed 92,104. 

Pig testing and recording Sperm, motility 58. 
83-86, 89, 92, 95, 98, 99, Spotted Poland-China 20, 
110-116. 26,121. 

Pink 30, 66. Spotting 8-15, 17-20, 23, 
Poland-China 61, 78, 80, 26-28. 

121. Standards of production 108 
colour 4, 8, 9, 12, 14, 114,115. 

19-24, 26-29. Sterility 40, 61. 
productive qualities 83, Stringhalt 73. 

88,93,106-108. Striping 6, 10, 12, 14-16, 
sex 45, 46, 48, 49, 56 21, 22. 

Polish pigs 74. Sus scrota 5, 53. 
Polydactyly 75. Sus vittatus 5, 54. 
Pork pig, production etc., 5, Swabian-Halle breed 70. 

82-108. Sweat glands 31,65. 
Premium boars 105. Swedish Landrace 48, 55, 
Proencephalus 60, 61. 58, 96, 99, 100. 
Profile 77, 78. Swedish Large White 46, 
Progeny tests 95, 116. 7'3, 103. 
Prolificacy 29, 110, 112, 114. Swine fever 19,35-38. 

and sex 40-54, 58. Swine plague 35-37. 
Pure-bred vs. cross-bred 93, Syndactyly 74. 

97, 102-108. 
Pure breeds 99-102. 

Razor backs 17, 52. 

Tamworth, 39, 46, 77, 80, 
121, 126. 

colour 8, 11, 13, 15, 21, 
23,25. 

productive qualities 
93,101,104. 

Red 66. 
83, inheritance 5-7, 9-15, 

colour 9-12, 14, 15, 17, 
18, 20 22, 24, 27, 29. 

productive qualities 89, 

sex 48, 54, 57. 
Markings 6-20, 26-29. 
Maturity 77, 81, 82, 91, 92, 

103, 114. 
early 79, 87, 93, 95, 97, 

104. 
Metabolism 34. 
Mexican swine 64. 
"Eddie White 31, 34, 38, 55, 

62,126. 
colour 5, 9, 13, 17,26. 
conformation 77-81. 
productive qualities 86, 

92,104,105,108. 
Milk 56, 57. 
Milking capacity 54-56. 
Mortality 37, 104. 

and litter size 46-48.
uterine 44, 57, 58. 

Mothering ability 54, 55, 
103, 110, 111. 

Mule-foot pig 11, 74. 

New Hebrides 59. 
Nipples 52-.54. 
Normandy pigs 63. 
Nutrition 35, 54, 62, 64, 89, 

93. 

Oxford breed 80. 

Paralvsis of hind limbs 
72. -

Pedigree 109. 
Performing pigs 39, 40. 

71, 

17-19, 21-25, 27-29. 
Red hog 28. 
Reversion 16, 17. 
Rib number 79-82. 
Roaning 6-9, 11, 19,20,23, 

27. 
Rose 32. 
Russian pigs 74. 

Saddle 7,9,11,15,18,19, 
21, 23-25, 28. 

Sandy 12,14,17,20,23,27. 
Sapphire hog 19,20,27. 
Sebaceous glands 30, 31, 

65. 
Seedy cut 30, 65, 66. 
Selection, defects 65-67. 

disease resistance 36. 
meat production 84, 85, 

91. 
methods 95,101, 103. 
prolificacy 48, 49, 51, 55. 
type 87-89, 105. 

Sex, and meat qualities 96, 
98,99. 

-dimorphism 54, 78, 80, 
98,99. 

-limitation 53, 62, 70. 
-linkage 41, 53. 
-ratio 57-59. 

Skin 30, 31, 65. 
Skull 60, 61, 77, 78. 
Small Black 104. 
Small White 62,92, 104. 
Smell, sense of 39. 

92,102,104,107. 
Tassels 63, 74. 
Thyroid 35, 38, 64, 65. 
Tigering 6-14, 22, 24. 
Tricolour 6, 14,27. 
Turkish pigs 16. 
Two-legged pigs 76. 

Vigour 47, 48,104, 106. 

Wart 65. 
Weight, birth 41,48,50,91, 

101, 107. 
dead 29, 82, 84, 85, 88, 

89,91,95-98, 100, 101, 
110, 111,114,115. 

litter 37, 42, 44, 47, 49-
51,93,94,101,110,111. 

weaning 41, 91,101. 
Welsh breed 80. 
Wessex breed 125. 
Westphalian pigs 16. 
White 37, 66. 

inheritance 5-15, 17-21, 
23-30. 

Wild colour 37-39, 43, 55. 
inheritance 8, 11, 13-18, 
21,22,24,25. 

Wild pig 16,22,31,39. 
European 14, 16,93, 106. 

\Viltshire bacon 82, 83, 85. 
Woolly hair 31. 

Yellow 5, 6,11,14,27. 
Yorkshire, see Large White. 
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