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7. The mean percentage loss of weight in the sow over an 8 to 9 weeks' 
nursing period in Large Blacks is 11· 07 lb., S.D, ~ · 66; _in Larg~ White.s 19 · 32, 
S.D. 11 · 68. The latter breed is probably the heavter milker. Stze of lttter and 
loss of weight of the sow are highly correlated. 

8. Oestrus during the nursing period was recorded in only 4 per cent. of the 
population. If the nursing period is unduly protracted, oestrus ultim~tely app~ars 
spontaneously. Normally, oestrus cannot be induced through separatiOn overntght 
of dam and litter. 

9. The onset of oestrus does not favour day or night. 

10. " Silent" oestrus in the pig is rare, only 1 · 49 per cent. of cases being 
recorded as such. " Split" oestrus is absent. 

11. Neither sterile nor fertile coitus at zero hour has any influence on the 
duration of oestrus. 

12. The sexual behaviour of the sow is discussed. 

PART 4 . 

VII. FERTILITY STUDIES. 

Observations on Certain Aspects o\f Fertility in the Sow, with Special Reference 
to the Optimum Service Period. 

The series of studies to be discussed in this section was undertaken mainly 
to determine whether an optimum service period obtains for the pig. While this 
work progressed much interesting data accumulated, which suggested further 
additional studies. These will be discussed in the subsequent paragraphs, 

According to the general plan of this observation, groups of sows were to 
be mated at different intervals during the oestrous period and then slaughtered 
at about 26 days of pregnancy, when the number of embryos were to be 
determined. The study, however, resolved itself into various related aspects, their 
relevancy becoming apparent if presented as follows: -

1. The number of ova fertilized in each service group. 
2. The incidence of atrophy of the embryo occurring at each of the 

various service intervals as a result of the particular period of mating. 
3. The number of successful matings which result from services allowed 

at the different time intervals. 

lt is proposed to review, firstly, the literature covering all aspects of the 
different observations, then to present the data under appropriate headings and, 
finally, to relate the results of the separate studies in a comprehensive discussion. 

Literature. 

Haring (1937), by mating sows at different periods during oestrus, concluded 
that spermatozoa do not remain fertile in the sow for more than 24 hours. Marshall 
and Hammond claimed that spermatozoan vitality is low in non-vigorous boars 
and, for such boars, mating should occur shortly before ovulation to ensure fertility. 
That the life of the male germ cells in the female genital tract in various species 
of mammals probably never exceeds 48 hours, have been shown by different writers 
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(Hammond, 1930; Quinlan et al., 1931; Knaus, 1931 ; Anderson, 1922). Lewis 
(1911) reported that in only three cases (in pigs) could Jive spermatozoa be found 
longer than 24 hours after breeding, and in only two instances 22-! hours after 
breeding. Of 19 sows bred and killed, the male cells were dead in 80 per cent. 
of cases examined where a period of 16 hours or more had elapsed between mating 
and slaughter. 

Quinlan et al. (1941), by exercising ewes before insemination, showed that a 
transitory rise in vaginal temperatures of from 100·2 to 106·2° F. made no 
difference to their fertility. No relative literature on the sow could be traced. 

Palmer (1917) gave the mean temperature of the pig as 102:5° F., with a 
range of 101 · 6 to 103 · 6° F ., and Smith (1907) as 103 · 3° F ., with a range of 
100 · 9 to 105 · 6° F. Harder (1937), working on two sows, showed that 
minimum rectal temperatures of 37 · 8° C. (100 · 04° F.) and 38 · 1 ° C. (100 · 58° F.) 
respectively, were recorded at 4 to 4.30 a.m. and a maximum of 39 ·1 ° C. 
(102 · 38° F.) for both sows at 4 to 8 p.m. 

The period during oestrus at which the sow should be mated for optimum 
results, as advised by different authors, is presented in tabular form below. 

The Optimum Serv~ce Period in the Pig, as Advised by Different A uthors. 

After Onset of Oestrus. 

2nd to 3rd day ........ .... ... ...... . . . . .. .. . . . . .. .... . .. . 
24 to 40 hours . . ..... .. .......... . ...... . .. . .... . .. . .... . 
2nd to 3rd day . . .... ........... . . . .. . ... ... ........ . .. .. . 
36 to 48 hours .......... . .... .......... .. . . .... . .. ... . .. . 
On J stand 2nd day (gilts) ......... . ...... .. . . . . . . .. . . ..... . 
2nd day . .... . . .... ... ................ . .. ....... . ...... . 
18 to 24 hours . ....... . ................. . ...... .. ....... . 
3rd day ................ .. ............................. . . 
2nd day ........................... . .................. . . . 
After 18th hour. . .... . ............. ... .. . ......... . ..... . 
Beginning of 2nd day ....... ........ . . .... . .. . .. ... ..... . . 
No difference between early and late services ................. . 

Authority. 

Marshall (1922). 
Schmidt (1934, 1938). 

I 
Asdell (J 934). 
Haring (I 934). 
McKenzie (I 932). 
McKenzie & Miller ( 1930). 
Dettweiler & Muller (1924). 
Allan (1939). 
Davidson (1939). 
Quinlan (J 932). 

[ Broner ( 1941). 
Krallinger & Schott (1933). 

Certain writers claim that services allowed at the onset of oestrus tend to be 
barren because of a lack of viable spermatozoa at the period of ovulation 
(Marshall, McKenzie and Marshall, Haring, McKenzie and Miller, Dettweiler and 
Muller, Allen). It should be noted that 10 of the 13 authors listed above advise 
that mating should be allowed at the second or third day of the oestrus period. 
The object, generally, is to secure a synchronization of arrival of viable 
spermatozoa and ova at the top of the fallopian tubes. The majority of authors, 
either through direct statement or by implication, adhere to the view that the male 
and female cells remain fertilizably viable for only a very limited period. Best 
results, they claim, are possible only if services are so timed as to ensure an 
adequate supply of fresh spermatozoa at the top of the fallopian tubes on the 
arrival of the ova. 

Only four of the 13 authors quoted have advanced experimental data in 
support of their statements. Haring (1937) mated sows 12 hours after the onset 
of oestrus to one boar, and again 24 hours later to a second and differently 
coloured boar. In a further test similar males were used only on the second day 
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of oestrus and again 24 hours later. From the evidence afforded by the colour 
of the piglets he concluded that mating on the second day of oestrus is clearly 
indicated. His observations also led him to the conclusion that spermatozoa do 
not remain viable for more than 24 hours, and that a double service (" Doppel
sprung ") is superfluous if the correct time is chosen, that is, at about the second 
day of oestrus. McKenzie and Miller (1930) planned to determine an optimum 
service peri.od by mating sows at the first signs of oestrus, 30 hours later, and at 
the last signs of oestrus, using boars of different breeds. In four of 15 triple 
matings piglets were not sired by the first services, indicating that service at the 
onset .of oestrus is not optimum. In three other matings out of the 15 a mixed 
lot of piglets resulted from first and second matings, also indicating that sows could 
be served too early in the oestrus period for optimum results. In a further test 
McKenzie (1932) mated 13 Hampshire gilts, 12 hours after they came in oestrus 
and again 24 hours later (at tthe 36h hour), using a differently-coloured boar at 
each interval. This resulted in 8 litters from first matings only, 2 from second 
matings only and 3 were mixed. He concluded that 5 out of 13 matings show 
that breeding the gilt twice increases the litter size. Krallinger and Schott (1933) 
appear to be the only authors to demonstrate that an optimum service period 
does not obtain in the pig. By mating sows early and late during oestrus they 
obtained mean litter sizes of 9 · 8 and 10 · 05 piglets for the respective intervals. 
They considered the mean differences too small to favour any one period. 
Hammond (1934) working with rabbits, first mated vasectomised bucks to induce 
ovulation, then used fertile bucks in matings at different time intervals before, 
at, and after ovulation, and showed that the average litter size decreases 
progressively as the time of service approaches and passes the period of ovulation. 
He obtained 6-4 young per litter for all normal matings (10 to 5 hours before 
ovulation), 4 · 2 young for 2 hours before and 3 · 2 young for 2 hours after, 
ovulation. These results he ascribed to the fact that, as service is delayed, the 
" sperm swarm " at the top of the tubes is weakened and the number of active 
sperm available to fertilize the ova, as they are released from the "plug", are 
so reduced that fertility falls. 

Hammond (1914, 1921) stated that the factors controlling the number of eggs 
which develop to reach birth have the greatest influence on fertility in domestic 
animals. A large number of eggs fail to develop, some perish at an early stage, 
while others develop to a certain extent before they die and become mummified 
in utero. Foetal atrophy, he stated, is quite general and, as a rule, absorption 
takes place either completely or the atrophic foetus is so reduced at birth that it 
passes unnoticed in the cleansings. By examining abattoir sows in the early stages 
of pregnancy, he showed that, on the average, only 12 ·1 corpora lutea per sow 
give rise to normal young. The number of atrophic cases, under the particular 
circumstances, were 2 · 2 per sow; 3 · 7 ova per sow could not be accounted for. 
He ascribed atrophy in domesticated mammals to a condition in which production 
has outstripped nutrition with regard to quality rather than to quantity. Congestion 
and breaking down of the blood vessels of the foetus and its membranes, are the 
first signs of approaching atrophy. Machens (1915), on the evidence of herd book 
records, found that, in the Northern Hemisphere, fecundity is higher from 
September to March than in the warm period of the year. As fertility is largely 
controlled by the incidence of degeneration of the embryo, the greatest numbers 
degenerate from March to September. Haring (1937), quoting the researches of 
Krizenecky, stated that 6 · 99 per cent. of all piglets born are still-born. Corner 
(1923) found that, in the pig, at the 8 to 40 mm. crown-rump length stage, 20 per 
cent. of the origina1ly discharged ova were missing and 2 · 2 per cent. were present 
as abnormal embryos, In the group of pregnancies of the third week (13 to 21 
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days) he found that 26 · 6 per cent. of the ova were missing and 4 · 7 per cent. were 
abnormal. He concluded that " ... it may fairly be said that in healthy sows 
with normal reproductive organs, not all the ova discharged, even though they 
are reached by spermatozoa, develop into normal young. Some of the ova, 
probably not more than 10 per cent., do never segment; others, forming roughly 
10 per cent., develop into blastocysts but then degenerate; and still others, 
amounting to 5 to 10 per cent., become abnormal during the subsequent course 
of pregnancy, a few during implantation stages, others at various later stages of 
implantation. Only about 70 per cent. of the ova are represented at term by 
living pigs ... " In a previous study Corner (1921) wrote that " .. . we are 
forced to the conclusion that the organism is liable to pathological changes before 
its attachment to the uterus ... " From a mixed lot of packing house pigs he 
found 7 · 43 per cent. degenerates for a 20 days' pregnancy period and 4 · 25 per 
cent. for a 30 days' pr~gnancy period, involving 148 and 270 foetuses respectively. 
The number of ova unaccounted for for the two respective periods amounted to 
20 · 28 per cent. and 25 · 00 per cent. Overcrowding, he thought, is an important 
but not the only factor, especially during the latter half of gestation. Degenerates 
are most numerous during the early stages. Marshall and Hammond (1937) wrote 
that most sows shed sufficient ova per oestrus to provide litters of 20 and a few 
less than 12, although litters of over 15 are only occasionally produced. Young 
sows ripen a smaller number of ova at each oestrus (average 14) than adults, 

Davidson (1930) reported that partial foetal atrophy in sows is not due to a 
protein deficiency in the diet, but that calcium deficiency may be a contributory 
cause. McKenzie (1928) found a definite correlation between gains made by the 
sow the month following breeding and the number of pigs farrowed, and recom
mends adequate feeding immediately subsequent to, rather than prior to; breeding. 
Hughes et al. (1928), on feeding gilt~ on a vitamin A deficient ration, reported that 
of five gilts bred, none produced living young; they either abort~d or carried 
atrophic piglets in various stages of resorption. Warwick (1927), working with 
a mixed lot of pigs, showed that 3 · 68 per cent. of foetuses were degenerate during 
all stages of pregnancy with the largest proportion in the youngest groups. Sinclair 
and Syrotuck (1928) have shown that the age of the sow has a decided bearing 
on the incidence of still-born piglets. They supply the following figures : for sows 
1 to 5 years the percentages of still-births are 6 · 5, 7 · 08, 11 · 92, 12 · 77 and 20 · 98 
respectively. Blendau and Young (1939), working on the effects of delayed 
fertilization on the development of the guinea-pig ovum, found that as the ovum 
ages the number of sterile inseminations increases, the average litter size decreases 
and the number of abnormal pregnancies increases, terminating by death of the 
embryo and abortion. They state: "The first effects were seen in the embryos 
of females inseminated 8 hours after ovulation. No normal development followed 
inseminations more than 20 hours after ovulation and no development followed 
inseminations 32 hours after ovulation. These effects are shown to be a 
consequence of the age of the egg at the time of fertilization rather than to a 
faulty implantation ... . Many ova, aged before fertilization and removed after 
implantation, showed gross abnormalities and were undergoing reabsorption or 
were about to be aborted. Others appeared normal except that they were 
retarded in development .... A comparison of the results obtained during this 
study with work on other species suggests that. in general, late fertilization is 
followed by developmental abnormalities, especially in the early stages. . . . The 
lowered fertility and smaller litter size following late fertilization-(according to 
other workers)--and the sterility of matings shortly after heat and ovulation in 
the sow also indicate the importance of fertilization soon after ovulations ... " 
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No tendency to modification in normality of the embryo, as the result of 
" stale " spermatozoa, could be demonstrated by the following workers: Dunn 
(1927) for fowls, Riddle and Behre (1921) for ring doves and Hammond and Asdell 
(1926) for rabbits. 

Nearly all writers seem to agree that maximum fertility is attained at about 
four years of age or with the sixth to the seventh litter (Sinclair and Syrotuck, 
1928; Yamane and Makita, 1934; Johansson, 1929, 1931; Machens, 1916; Zorn 
et al., 1933; Krizenecky, 1935; Bertram, 1926; Marshall and Hammond. 1937). 

The majority of authors adhere to the view that inbreeding per se does not 
effect fertility and litter size adversely. Such may be practised with impunity so 
long as the genetic back-ground of the material does not harbour recessive 
weaknesses in a heterozygous state (Krallinger, 1937; von Ecktaedt, 1928; 
Simpson, 1912; Buchanan-Smith, 1930; Marshall and Hammond, 1937). 

Harris (1916) showed that the cause for the influence of age on fertility is 
that young sows shed fewer eggs (mean 14) than older sows (mean 20). This view 
is supported by Hammond (1914). 

That breeds differ appreciably with regard to Jitter size has been shown by 
the following authors: Marshall and Hammond (1937), Christensen, Thompson 
and Jorgenson (1926) and the National Pig Breeders Association of Great Britain 
(1937-38). Their data are presented in summarised form below. 

Breed. 

Large Whites .. ............. . . .... ............ . 
Middle Whites ............... . .... . ..... . ... .. . 
Wessex Saddle Back .......... . .. . .. .. . ... ..... . 
Berkshire ....................... . .. . .. ..... ... . 
Tamworth ......................... . ....... .. . 
Poland China . . ................... . . . ... .. . ... . 
Duroc Jersey . . . . . ...... . ...... . .... ......... . . 
Chester Whites .... ...... ......... . . . . ... . ... . . 

Mean Litter Size. 

I Jo ·o, JI·7,10·61. 
9· 6, 9·78. 
9·6, 10·08. 
7·8, 8·7, 7·65. 
7·94 7·9 
7 ·15: 8. 2: 
7·14,10·7. 
9·6. 

The opinion is generally held that the boar has no influence on the size of 
the litter sired by him and that boars do not differ with regard to this character. 
(Oestermeyer, 1934; Langlet, 1934; Schmidt, 1937; Krallinger and Schott, 1933). 
The latter two co-workers state that experiences to the contrary are due to other 
causes, such as: age of sow, natural differences in fertility between sows, atrophy, 
etc. Wentworth and Aubel (1916) agree with the previous authors and add that 
the size of the litters a sow produces represents the segregation of the tendencies 
transmitted to her by her sire and dam, which opinion is also subscribed to by 
Schmidt (1937). Norby (1929), however, reported the case of a boar which sired 
small litters in a good herd where previously large litters obtained, the boar on 
subsequent examination showing spermatozoa below normal motility, etc. 

All authors agree that the ovum retains its vitality for a very brief period 
after being shed, probably for not longer than six hours (Lewis, 1911; Knaus, 
1931 ; Marshall and Hammond, 1937; Hammond, 1934). 

Pincus and Enzmann (1932) and Pincus (1936) have shown that the ovum of 
the rabbit becomes coated with an albumin layer in its descent in the fallopian 
tube, rendering same infertile, but Robson (1940) states that this does not hold 
good for the majority of mammals. No reference bearing on the pig could be 
traced. 
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Hammond (1921) has shown that, in the sow, the number of ova may 
sometimes be in excess of the number of corpora lutea, but Corner (1921, 1923) 
mentioned that, in the examination of many -hundreds of pregnant uteri in pigs, 
he has found the number of embryos to exceed the corpora lutea counts by one 
in only three or four instances. This he ascribes to poly-ovular follicles, to the 
rare occurrence of single-ovum twinning or to failure of the corpus luteum to 
develop from the ruptured follicle. Long and Evans (1922) state that, in the rat, 
about 10 corpora lutea are formed per ovulation, one of which retains the egg. 

Hammond (1914), and Corner (1921), agree that wandering of the ovum in 
the body cavity may be possible, not having been caught up by the fallopian 
tube. Corner (1923) proposed the hypothesis that, in the pig, the ova and embryos 
are transported through the tubes and uterus by contraction cycles which represent 
a mechanism probably peristaltic in action. He also mentioned the presence of 
an efficient spacing mechanism by which the embryos are evenly distributed before 
implantation, the process occurring during the first week or nine days of pregnancy. 
Warwick (1926), working on pigs, semispayed four sows and ligated the 
corresponding horn of the uterus, then bred them and concluded " ... that, on 
the average, the number of foetuses tends to become equalised in the two horns 
by migration, even when there is an unequal "number of ova shed by the right and 
left ovaries, as indicated by the distribution of the corpora lutea .. . . " Kupfer 
and Quinlan (1926), employing a similar technique, demonstrated that migration 
does not take place by the trans-abdominal route in the pig but that trans-uterine 
migration does take place. (Personal communication by Quinlan). 

The gestation period, according to different authors, is presented in tabular 
form below : -

Author. Breed. 

Yorkshires .... ... I 
? ...... ...... . . . 

Johansson (1929) ... . .. . .... . .. . ... ... . . 
Corner (1921) ... .. . .. .. .. ..... .. .. .. .. . 
Carmichael & Rice (I 920) .......... . ... . Yorkshires ...... . 
Zorn & Krallinger (1930) . . ......... ... . . Improved Land-

schwein 
Edelschwein . . . . . . 

Buchanan Smith (1930) ... . ... ....... . . . ? ........... . .. . 
Sebatani (1908) ... . ........ .... . ... ... . ? ............. . . 
Krizenecky (1942) .. .. .. ......... . .... . . Edelschwein, . ... . 

Cornwall. ...... . 

Period. 

114 · 3 days. 
16-1 7 weeks, range 116-120 days. 
113 · 2 days . 
114 · 93, range 109- 122 days. 

114·6, range 109- 123 days. 
113 to 1151- days. 
114· 7 days. 
114·4 ± 3 · i4days. 
115 · 3 ± 3 · 39 days. 

McKenzie (1928) could find no difference in the length of this period between 
sows bred for the first time at different ages, between first and last litters, between 
sows on different planes of nutrition, nor between sows with different litter sizes. 
He remarked: " ... in fact the constancy of this period is remarkable". 

Observation 5. 

The Optimum Service Period. 
Object. 

The object was to determine whether an optimum period exists for mating 
the sow. 

Material and Method. 
The Large White and Large Black breeds were used. Starting from zero 

hour, groups of 10 females from each breed were mated at 12-hour intervals 
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during oestrus. In Large Blacks, with a mean duration of oestrus of 68 ·19 hours, 
it was possible to obtain sufficient pregnancies at the 60th hour period to have six 
groups, but in Large Whites, with a mean duration of only 49 · 91 hours, it was 
not possible to obtain sufficient positive matings at the 48th hour interval to have 
more than four groups. Even then, owing to declining fertility during the latter 
part of oestrus, and because many sows intended for the last groups were already 
out of oestrus by that time, difficulty was experienced in arriving at the full quotas 
for the late service intervals. All sows were housed in a modern piggery during 
the periods when they were being tested for the presence of oestrus. As testing 
was carried out at three-hourly intervals with vigorous " teasers " or fertile boars, 
the onset or disappearance of oestrus was known to within three hours. As a 
general rule matings were allowed in a serving crate; "free " services being per
mitted only in those instances in which the sow was intensely in oestrus and 
strong enough to carry the boar without the probability of moving or sagging. 
Strong leather straps were fitted to the crate as supports to prevent sows from 
sagging during service. With few exceptions all females were temperatured before 
service and, in a number of instances, also after service, to obtain data on the 
rise in temperature of the sow during mating. The duration of coitus was 
recorded in minutes and seconds and, in those instances in which broken services 
occurred, only the actual time spent in coitus was recorded. Only boars of known 
fertility were used, occasional microscopic tests on semen-overflow being carried 
out as a check on the abundance and motility of the spermatozoa. A service 
record was kept for each boar and, whenever practicable, not more than one 
service in two or three days was allowed. Pure-breeding was practised at all 
times. Boars were permitted ample exercise on free range and managed so as 
to be in a good service condition. 

After oestrus had passed over females were returned to free range on lucerne 
grazing, and again brought in to the pens for testing as their next oestrus became 
due. Pregnancy was assumed if oestrus was absent on the 21st day, but a further 
period of five days was allowed to include those individuals having unusually 
long cycles. The majority of sows were slaughtered 26 days after service, excep
tions occurring only for unavoidable reasons. The "humane killer", a type of 
pistol, was used to kill the animals. The sows were immediately opened and the 
uterus and ovaries removed, care being taken to preserve the identity of the left 
and rights sides. The cornua were carefully cut open and the embryos removed, 
those from each cornu being bottled and labelled separately. Before removal 
from the cornua and thereafter, all embryos were closely scrutinised for any sign 
of atrophy, but none was recorded as such unless abnormalities were evident. 
The following conditions were regarded as the most important indications of a 
state of atrophy: all stages of resorption, abnormal congestion and breaking 
down of the blood vessels of the embryo and its membranes (Hammond, 1921). 
Whenever reasonable doubt existed as to the normality of an embryo, the normal 
state was assumed . The morphology of each ovary was recorded, particular 
attention being paid to number and appearance of the corpora lutea gravitatis. 

Results. 
Detailed descriptions of the morphological findings on the ovaries and 

embryos appear in Appendix 6, and further particulars for each 12-hour service 
group are presented in Appendix 6, Table I. 

It has to be explained that great difficulty was experienced to settle sows 
to the boar for the 60th and 48th hour groups for Large Blacks and Large Whites 
respectively. Fertility at these two periods was very low and, furthermore, 
roughly 50 per cent. of females was already out of oestrus by then. In order, 
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therefore, to complete the last group in each breed, it was necessary to mate a 
number of females prior to those two extreme intervals. In the majority of 
cases those services were allowed as soon as the metoestrous phase appeared. 
It was nevertheless not possible to establish a 48-hour group for Large Whites. Of 
the eight pregnancies appearing in the 60-hour group for Large Blacks, four 
resulted from matings occurring at somewhat earlier intervals. This latter group 
of pregnancies should, therefore, be considered more as a result of matings during 
the last phases of oestrus than as an actual 60-hour service group. 

Attention is drawn to the fact that in all calculations in respect of the 
optimum service period, all embryos were considered, whether normal or atrophic, 
the implications of which will be discussed under the relevant heading. 

As fecundity in the sow is to a considerable extent dependent on the number 
of ova shed (as will be shown in the subsequent paragraphs), it is of importance 
to demonstrate, firstly, whether selection of material for the various time groups 
has been truly random. The number of corpora lutea for each service period 
group, together with the analysis of the data, appear in table 40. 

TABLE 40. 

The Optimum Service Period: Number of Corpora Lutea Gravitatis at 
Different Service Intervtils in Large Black and Large White Pigs. 

SERVICE PERIOD. 

0 Hours. 12 Hours. 24 Hours. 36 Hours. 

Large I Large I Blacks. Whites. 
Large I Large 

Blacks. Whites. 
Large I Large 

Blacks. Whites. 
Large I Large 

Blacks. Whites. 

12 22 18 I 10 11 14 13 16 
13 14 12 19 18 14 12 21 
11 18 14 

I 
17 15 19 12 18 

17 19 J3 .17 14 14 11 16 
14 19 12 14 10 21 10 17 
16 16 14 16 1 1 12 16 14 
12 17 13 16 14 14 15 18 
16 14 

I 
15 18 14 14 16 15 

16 12 13 17 13 21 13 21 
6 15 15 20 13 1 1 12 15 

Mean ....... . . -~~~-~~~-_!_~~~-_!_~~~-_!_~~ 15·4 1 13·0 17 · 1 
----,-----------,----===== = == 

Component. 

Service Period ......... . . 
Breeds .... . ... . ........ . 
Interaction ........... .. . 
Error ..... . .. . . .. . . . . .. . 

TOTAL. . . . .. ... . . 

Analysis of Variance. 

D.F. 

3 
1 
3 

72 

Sum 
Squares. 

7·75 
180·00 
11·80 

533·20 

Mean 
Square. 

2·58 
180 ·00 

3·93 
7 ·41 

F. 

0·35 
24·30 
0 ·53 

I Significance. 

ns 
ss 
ns 

I . ' I I ____ _ 

I 79 I 732 .75 I - I - I -
1========.====, ==== 
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The analysis shows that no significant differences exist between the mean 
number of corpora lutea for the different service periods, but that highly signifi
cant breed differences obtain. The greater fecundity of the Large White breed, 
as indicated by the corpora lutea counts, is obvious. The minimum significant 
breed difference, as culculated is 1 ·56 at the 1 per cent. level. 

The number of embryos per service group, together with the relevant analysis 
of the data, are presented in Table 41. 

TABLE 41. 

The Optimum SerFice Period : Number of Embryos at Different Service Intervals 
in Large Black and Large White Pigs. 

SERVICE PERlOD, (HOUR). 

I 
0 12 

Large I Large 

1 

Blacks. Whites. 
Large I Large La rge 

Blacks. Whites. 
1 

Blacks. 

--

6 
8 
5 

16 
12 
8 

12 
14 
9 
2 

Mean . . . ... . . ..... 9·2 

' 

Component. 

Service period . . ........ . 
Breeds . . ... . .. . .... .. .. . 
Interaction .. ..... ... .. . . 
Error .. ... .. . . . . . ... . . . . 

8 13 8 
I 

10 
7 12 16 7 

16 13 15 2 
14 9 17 7 
13 8 9 4 
15 II 9 8 
12 10 14 9 
12 11 13 13 
10 12 17 13 
14 10 16 8 

12·1 I 10·9 \ 13 ·4 1 8·1 

Analysis of V ariance. 

D.F. Sum 
Squares. 

Mean 
Square. 

3 51 · 30 I 7 · 70 
1 168 . 20 168 . 20 
3 13 · 30 4·43 

72 912·00 12 ·67 

24 I 36 

Large I Large I Large 
Whites. Blacks. Whites. 

I 
13 I 12 15 
3 6 II 

15 5 14 
II 1l 9 
18 3 13 
8 11 14 

15 12 6 
11 9 9 
18 12 16 
11 11 5 

12 ·3 9·2 11 ·2 

F. I Significance. 

I· 35 
13·27 
0 ·35 

ns 
ss 
ns 

TOTAL .. . ........ . 79 1,144.80 I - - I -
)= ==,===============.===== 

The results show that the differences betw~en the mean numbers of embryos, 
obtained at the various time-intervals, fall far short of significance at the 5 per 
cent. level; breeds, however, differ highly significantly. 

As it was possible to establish also 48-hour and 60-hour groups for Large 
Blacks, a separate analysis was conducted for this breed; the results appear in 
Tables 42 and 43. 
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TABLE 42. 
The 0 ptimum Service Period: Number of Corpora Lute a Gravitatis at 

Different Service Intervals in Large Black Pigs. 

SERVICE PERIOD, (HouR). 

0 
I 

12 
I 

24 
I 

36 I 48 I 60 
I 

12 18 ll 13 15 1 1 
13 12 18 12 12 14 
1 1 14 15 12 10 10 
17 13 14 II 18 12 
14 12 10 10 10 16 
16 14 II 16 13 17 
12 13 14 15 14 13 
16 15 14 16 1 1 15 
16 13 13 13 15 -
6 15 13 12 14 -

Mean . . . . .. ... .... .. ... 13·3 13 ·9 
I 

13·3 
I 

13 ·0 
I 

13·2 13 ·5 

Component. 

Service period . .. . . . . ... . 
Error . . ........... .. ... . 

Analysis of Variance. 

D.F. Sum 
Squares. 

Mean 
Square. 

52 312·700 6·013 

F. I Significance. 

0·16 ns 

TOTAL. ........ . . 
I 

5 4·697 I 0 ·939 

I= 57 ===317·397 = !== - = ='==- = ='==- == 

--

The analysis shows that selection of material was random. 

TABLE 43. 
The Optimum Service Period: Number of Embryos at Different Service 

Intervals in Large Black Pigs. 

SERVICE PERIOD, (HOUR). 

0 
I 

12 
I 

24 
I 

36 
I 

48 
I 

60 

I I 
I 

I 6 

I 

J3 10 12 7 9 
8 12 7 6 1 1 

i 
13 

5 13 2 5 9 3 
16 

I 
9 7 11 10 6 

12 8 4 3 8 8 
8 11 8 11 13 8 

I 
12 I 10 9 

I 

12 12 9 
14 II 13 9 6 12 
9 12 13 12 13 -
2 10 8 11 7 -

I 

M ean . ........ ... . .. . . 
I 

9·2 
! 

10·9 
! 

8 ·1 I 9·2 9·6 1_8~ 
I 
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Component. 

Service period . ... ...... . 
Error .... ... ........... . 

TOTAL . ......•.... 

TABLE 43 (continued). 
Analysis of Variance. 

I D F I 
Sum I Mean F. I Significance. 

· · Squares. Square. 

I 5 I 46· 187 I 9·238 I 0·90 I 
52 531·4oo 1o-219 1 

1== 57 ==!=~7·58~='== - ==I== --==~---_ 

ns 

The results yielded by this analysis again show that, even where fertile 
matings were possible up to about the 60th hour of oestrus in Large Blacks, no 
significant differences between the mean number of embryos for the various 
intervals could be demonstrated. 

The number of embryos yielded by each female was calculated as a percen
tage of the relative number of corpora lutea, and this fertilization index employed 
as ·a further basis on which to test out the data on the optimum service period. 
In the calculations to follow, the index was considered as being 100 in the few . 
instances in which the number of embryos exceeded the relative number of 
corpora lutea. The results appear in Table 44. 

TABLE 44. 
The Optimum Service Period in Large Black and Large White Pigs as Calculated 

on a Fertilization Index. 
SERVICE PERIOD, HOUR. . 

0 12 I 24 I 36 

I 
I 

! 

I I 
Large Large Large Large 

I 

Large Large Large Large 
Black. White. Black. I White. Black. White. Black. White. 

I 
50·00 

I 
36·36 72·22 80·00 90·91 92·86 92·31 93 ·75 

61 · 53 50·00 100·00 94·12 38·89 21·43 50·00 52·38 
45·45 88·89 92·86 88·24 13·33 78·95 41·67 77·78 
94 · 12 

I 

73·68 69·23 100·00 50 ·00 78·57 100·00 56·25 
85·71 68·42 66 ·67 64·29 40·00 85·71 30 ·00 76·47 
50·00 93·75 

I 

78·57 56·25 72 ·72 66·67 6'l ·75 100·00 
100·00 70·59 76·92 87·50 64·29 100·00 80·00 33 ·33 
87·50 

I 

85·71 73·33 72 ·22 92·86 78·57 56·25 60·00 
56·25 83·33 92·31 100·00 I 100·00 85·71 92·31 76·19 
33·33 93·33 66·67 80·00 

I 

61 · 54 100·00 I 91·67 33·33 

66·4 I 74·4 I 78·9 I 82 ·3 62 ·5 I 78·8 70 ·3 65·9 
·' 

Analysis of Variance. 

Component. D.F. Sum Mean F. I Significance. Squares. Square. 

Service period ............ 3 1,842·32 614·11 1·34 ns 
Breeds ........ . ......... I 687·14 687 ·14 1·50 ns 
Interaction ........ .. .... 3 1,129·65 376·55 0·82 ns 
Error. . . . . ........ . .... . 72 33,091·00 459·60 

TOTAL ... . . . ...... 79 36,750·11 456 · 19 
======,====== =====,====== ====== 
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The analysis on this basis confirms the conclusions yielded by the analysis 
in Table 41. Furthermore, the results reveal that the two breeds do not differ 
with regard to the number of embryos expressed as a percentage of the number 
of corpora lutea gravitatis. This latter conclusion would therefore seem to 
indicate that the highly significant breed differences revealed by the previous 
analyses, must be due to a close relationship between the number of ova shed 
and the number of embryos resulting therefrom. This aspect has been studied, 
the calculations yielding highly significant correlation coefficients of 0 · 44 and 
0 · 47 for Large Blacks and Large Whites respectively. (Large Blacks: t = 3 · 67. 
For n ,= 56, P = ·01, t = 2 ·58. Large Whites: t = 3 ·28. For n = 38, 
p = ·01, t = 2·58). 

A frequency distribution of the fertilization index has been prepared and is 
presented in histogrammatic form in Figure 16. The mode is shown to be 90 and 
the range 10 per cent. to 100 per cent. The histogram is distinctly skew to the 
right. 

Examination of the data in Appendix 6, Table I, shows that, out of a total 
of 102 observations, the number of embryos exceeded the relative number of 
corpora lutea in only two instances in Large Blacks and in only one instance in 
Large Whites, or in 2 · 9 per cent. of instances over both breeds. A further 7 
(6 · 8 per cent.) cases were recorded in which the number of embryos equalled 
the relative number of corpora lutea. Hence, over both breeds, 10 out of 102, 
or 9 · 8 per cent. of cases, were recorded in which the embryo counts equalled or 
exceeded the relative corpora lutea counts. 

22 

20' 
18'1> 

:;J 

16D 

14 > 

12 ~ 
10-

0 
6 0 

4z 

2 
_j 
100 

FIG. 16.- Frequency distribution of the fertilization index in Large Black and 
Large White sows. 

Atrophy in Relation to the Time of Service During Oestrus.- The sows 
slaughtered at about 26 days of pregnancy yielded valuable material for a study 
of the incidence of atrophy as related to the different service intervals within 
the oestrous period. Details appear in Appendix 6, Table II, from which Table 45 
has been compiled. 

The data would seem to indicate that, in both breeds, the smallest number 
of atrophic cases occur at the zero hour of service. In Large Blacks no clear 
indications exist for any definite tendency for the number of atrophic embryos to 
increase from the 12th to the 36th hour and possibly the 48th hour, but the mean 
at the 60th hour is distintcly greater than at any other period. It should further 
be noted that at the 60th hour only 8 individuals were available instead of 10, as 
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originally planned. Similarly, in Large Whites, the variations from zero to the 
24th hour appear to be normal, but the mean at the 36th hour definitely indicates 
a much higher incidence of atrophic embryos than at any of the previous intervals. 

TABLE 45, 
Atrophy of the Embryo and Service Interval in Large Black and Large White Pigs 

at 26 Days of Pregnancy. 

ervice interval, hour ... s 
N 
T 
A 

umber of individuals ... 
ota1 No. of embryos ... 
trophic embryos: 

Total Number. .. 
Mean ..... .. ... 

0 
10 
93 

I 0-~ 

Large Blacks. 

12 24 36 
10 10 10 

109 81 92 

12 9 10 
1·2 0·9 1·0 

Large Whites. 

48 60 0 I 
12 24 

10 8 10 10 10 
96 68 122 1 134 125 

I 0-~ 14 21 3 5 
1·4 

I 
2·6 I o-3 I o·s 

Pregnancies Resulting from Matings at Different Time Intervals. 

I 36 
10 

I 112 

16 
1·6 

Irrespective of whether sows were being mated for the optimum service period 
study or not, all services were regulated to fit in with one or other of the 
predetermined twelve-hour intervals. However, in a number of instances in the 
60-hour group for Large Blacks and in the 48-hour group for Large Whites, 
matings occurred somewhat before the actual hour, as explained above. Females 
which were negatively served and which were subsequently suspected of being 
sterile, owing to failure to conceive repeatedly at other more favourable periods, 
have been discarded for the purposes of this observation. All matings which 
could reasonably be classified as falling in one of the 12-hour groups were studied, 
the results and the analysis of the data appearing in Table 46. 

TABLE 46. 
(a) 

Positive and Negaflive Services at Different 12-hour Intervals. 

SERVICE INTERVAL, (HOUR),. 

0 
I 

12 I 24 
I 

36 
I 

48 
I 

60 

Large Blacks: I 
Number positive ... . . 19 20 25 29 17 8 
Number negative ... .. 5 4 4 7 15 46 

TOTAL ........ .. . . I 24 24 29 36 32 54 
--------------

Large Whites: 
Number positive . ... . 
Number negative .... . 

-----~---------='=====1=====1===== 
i ;~ : ~ I n : ~ ~~:~ I ~~ : ~ ~~ : ~ ~~: ~ 
' 20 23 28 14 7 
1 7 2 4 8 18 

Per cent positive .... . .... . 
Per cent negative .. .... . . . 

TOTAL. . .. . . ... . . 

Per cent positive . ... . 
Per cent negative ... . . 
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T AULE 46 (continued). 

(b) 

Chi-squared : The Percentage Conceptions in Large Black and Large White Pig:; 
at Different Time-intervals. 

Intervals, (Hour). I Large 

I 
Large 

I 
m. 

I 
X. I xfm. Black. White. I 

0 . . ... . ... . .... .. .. .. . 79·2 74 · 1 76·65 2 · 55 0·08 
12 . .. . ....... . . . . .. .... 83·3 92·0 87·65 4·35 0·22 
24 .. .. .... ......... . . .. 86·2 87·5 86·85 0·65 0·05 
36 . .. . .. ... .... .. ...... 80·6 63·6 72·10 8·50 1 ·00 
48 .. . . .... . ............ 53 · 1 28· 0 40·55 12·55 3 ·88 

X2 = 10·46. For n = 4, P = ·05, X2 = 9·49. 

The analysis shows that the reaction of the breeds at the different intervals 
differ significantly, but it is to be noted that the greatest contribution to the value 
of Chi is derived from the 36 and 48-hour intervals. The breed differences up to 
and including the 36-bour period are non-significant. 

The actual numbers of positive and negative matings, recorded in Table 
46 (a), were further submitted to a 2 x 2 Chi-squared test, according to the method 
as advised by Yates (1934). The results appear in Table 47. 

TABLE 47. 

Comparative Schedule Showing the Probabilities of Conception at one Service 
Interval Against Other Service Intervals. 

Service Period, (Hours). 

LARGE BLACKS. 

0 . . . ........ . ......... .. . . . . ........ .. . .. ... . . . 

12 .. . .......... . ....... . .......... . .. ... . .. . .. . . 

24 ............ . .... . ... . . . .. . . .. .. . . . ... . . . . . . . . 

36 .................. . ..... ... ..... .. . . . ........ . 

48 .. . ... .. . . . ... ..... . .... . ... .. ... . ........ . .. . 

60 . .......... ... ....... ....... .. . ........ . .. . . . . 

---
99 

PROBABILlTJES OF CONCEPTION. 

Significantly I Significantly I 
Better than. Worse than. 

Hours. Hours. 

48 None . ... .. 
60 
- -
48 -
60 -
- -
48 -
60 
- -
48 -
60 i - -
60 -

12 
24 
36 

All 

Similar 
to. 

Hours. 

12 
24 
36 
0 

24 
36 
0 

12 
36 
0 

12 
24 
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TABLE 47 (continued). 
LARGE WHITES, 

0 ... . .......... . . . ... .. . . .... .. . . ..... . . . ... .. . 

12 . . .................. . . . .... . ........ . .. . .... . . 

24 .. .. ... . ... . ...... .. .... . . .. ................ . . 

36 . . .... . . . ............ . .. . ............ .. .. . ... . 

48 .. . . ...... . ........ . ....... . ......... . . .. .. . . . 

Hours. 
48 

36 
48 
36 
48 
48 

Hours. 

12 
24 
All 

Hours. 
12 
24 
36 
0 

24 
0 

12 
0 

The data in Table 47 show that, for Large Blacks, the probabilities of 
conception resulting from matings occurring at 0, 12, 24 and 36 hours are almost 
identical and, also, that these four intervals are significantly more favourable than 
both the 48 and 60-hour periods. Conceptions decline steeply from 80 · 6 per cent 
at the 36th hour to 53 · 1 per cent. at the 48th hour and to 14 · 8 per cent. at the 
60th hour. For Large Whites, the probabilities of conceptions occurring at zero 
hour are similar to those occurring at 12, 24 and 36 hours, but both the 12th and 
24th hours are better than the 36th hour. All intervals from zero to 36 hours 
are significantly more favourable than the 48th hour. A reduction in the rate of 
conception is clearly indicated after the 24th hour interval, declining from 87 · 5 
per cent. at that period to 63 · 6 per cent. at 36 hours and to 28 · 0 per cent. at 
48 hours. Calculation shows that, for Large Whites, the rate of conception of 
92 per cent. at the 12th hour is considerably superior to that of 74 ·1 per cent. at 
the zero hour, the odds being 11 to 1 in favour of the former. 

Additional Studies. 
Fertility and Age. 

An increase in fertility with age has been demonstrated by various authors 
(Sinclair and Syrotuck, 1928; Johansson, 1929; etc.) An attempt has been made 
to determine whether this condition could be ascribed to the maturation of 
progressively larger numbers of ova, in terms of corpora lutea, as the pig ages. 
The available data have been examined for this purpose and different age groups 
classified, ranging from 7 tot 57 months, Owing to an insufficiency of material, 
it has been necessary to group females of 7 to 8, 11 to 13, 14 to 16 and 17 months 
and over in the same classes. The data appear in Appendix 6, Table III and 
analysis of variance in Table 48. 

Component. 

Breeds .. . . . . . .......... . 
Ages ..... . . . .......... . 
Interaction .. . ......... . . 
Error ... . .............. . 

D.F. 

1 
5 
5 

190 

I 
Sum I Squares. 

499·64 
87·63 

1,082·53 
688·60 

Mean 
Square. 

499 ·64 
17·53 

216·51 
3·62 

F. 

138·02 
4·84 

59 ·81 

I Significance. 

I 

ss 
ss 
ss 

Minimum significant differences at P = ·05; breeds 0 ·53; ages 0· 30; interaction 0 · 22. 
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The analysis shows that the mean difference of 3 ·16 corpora lutea between 
the breeds is highly significant. Similarly, the influence of age on fertility is 
evident over the two breeds, the mean corpora lutea number rising from 14 · 12 
at 7 to 8 months to 16 ·17 at 17 to 57 months. Dissimilar conditions, however, 
are revealed within the breeds. In Large Blacks there is, with the exception of 
the 10-month class, a steady and consistent increase in corpora lutea number from 
group to group. It is not clear why the 10-month group should be significantly 
lower than the preceding one. In Large Whites the evidence shows that no 
demonstrable increase in basic fertility exists up to and including the lOth month, 
beyond which, however, highly significant increases occur at the 11 to 13th and 
17 to 54th month groups. In this latter breed, significant regressions in corpora 
lutea number are reflected at the 9th and the 14-16th month stages, but as no 
acceptable biological explanation can be advanced for such a condition, the 
findings must be considered as tentative, especially in view of the small number 
of cases available for the 14-16th month group. Considered as a whole, there 
can be no doubt that pigs shed significantly large numbers of ova with advancing 
age (the ages in this study being 57 and 54 months, for Large Blacks and Large 
Whites respectively). Basic fertility has increased from 7-8 to 17-57 months by 
22 · 8 per cent. in Large Blacks and by 13 · 2 per cent in Large Whites. 

Fluctuations in the Number of Ova Liberated at Consecutive Oestrous Periods. 

During any oestrous period the ovary carries at the same time corpora lutea 
of tl1e previous ovulation and the mature follicles destined to rupture at that 
period. Assuming that, as a general rule, each corpus or follicle represents one 
ovum, females slaughtered during an oestrous period present material from which 
variations in the number of ova, liberated at two consecutive ovulations, could 
be studied. The material, which became available in the study on the 
morphological changes of the ovary during oestrus, was utilised for this purpose. 
The data are presented in Appendix 6, Table IV. The strength of the relation
ship between these two variables has been calculated and correlation coefficients 
of -0 · 09 and 0 ·15 obtained for Large Blacks and Large Whites respectively. Both 
coefficients fall far short of significance at the 5 per cent. level. 

The Number of Ova Unaccounted for at 26 days of Pregnancy. 

The number of ova liberated at any one oestrus is nearly always in excess 
of the number that can be accounted for in terms of embryos or of piglets at 
term (Hammond, 1921; Corner, 1921, 1923). During the observation on the 
optimum service period material became available for quantitative study of this 
aspect of fertility in the sow. As sows were slaughtered at about 26 days of 
pregnancy, the number of ova shed could be determined in terms of the number 
of corpora lutea and this in turn related to the number of embryos. Hence the 
number of ova unaccounted for could be arrived at. The data are presented in 
Table 49. 

On applying the Chi-squared test to the percentages of ova unaccounted for, 
the reaction of the breeds was found to be non-significant (X2 = 5 · 64. For n = 3, 
P = ·05, X 2 = 7 ·82). Previous calculations have already shown that the number 
of embryos and corpora lutea at the various intervals do not differ significantly. 
Employment of all the data (as shown in Table 49) in the calculation of an over-all 
percentage loss of ova, is therefore justified. The result shows that, out of a total 
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of 1,434 ova liberated, only 1,030 could be accounted for at 26 days of pregnancy, 
leaving 404, or 28 ·17 percent., of ova unaccounted for at that stage. Over the 
two breeds the mean number of ova unaccounted for is 4 · 12. 

TABLE 49, 

The Number of Ova (in Terms of Corpora Lutea) Unaccounted for at 26 Days of 
Pregnancy, in Large Black and Large White Sows, Mated at Different Time

intervals. 

Total No. No. of Ova Per Cent. No. 
Service Interval, (Hour). C.L. No. of Unaccounted Ova Un- of accounted Foetuses. for for. Individuals. 

--~ 

Large Blacks. 

0 ...... . . . .. . ..... . .. . 133 93 40 30·07 10 
12 ....... . ... . ........ . 139 109 30 21 · 58 10 
24 ... . .. ....... . .. . ... . 133 81 52 39·10 10 
36 .. ... . . ......... . ... . 130 92 38 29·23 10 
48 ....... . .. . ......... . 132 96 36 27·27 10 
60 ....... ... .......... . 108 68 40 37·04 8 

TOTAL.... . . . . . . . . 1==::2~== ==~~,==1==~~==1==~~~= ==~~== 
Large Whites. 

0 .. .. ........ . ....... . 166 122 44 26·51 10 
12 ................ . ... . 164 134 30 18 ·29 10 
24 ....... . . . .......... . 158 123 35 22·15 10 
36 .................... . 171 112 I 59 34·50 10 

TOTAL. .......... . 

TOTAL (both breeds) . 

659 491 1 168 1 25·49 40 

=~~==c~~==~=~~=c=~~==~~== 
Ova Unaccounted for at Parturition. 

Careful records were kept over the experimental period of all normal and 
still-born piglets delivered at each farrowing. These data, together with those 
appearing in Table 49, have been utilised in a further study of the fate of the 
ova liberated. Averages were used as the bases of calculations. The results are 
presented in Table 50. 

It will be observed that,_ considering all piglets, whether normal or still-born, 
the average number of ova unaccounted for at parturition amounts to 5 · 42 
(40·57 per cent.) and 6·84 (41 ·53 .,per cent,) in Large Blacks and Large Whites 
respectively. If piglets born alive only be considered, the average number of ova 
unaccounted for or which failed to result in normal piglets at parturition, amounts 
to 6 ·14 (45 · 96 per cent.) and 8 · 01 (48 · 63 per cent.) in Large Blacks and Large 
Whites respectively. Over the two breeds this figure is 6 · 92 (47 · 30 per cent.). 
Calculation shows that, for Large Blacks, 9 · 09 per cent, of piglets were still-born, 
with a mean of 0·72 still-born piglets per litter. In Large Whites, 12·16 per cent. 
of piglets were still-born, with a mean of 1 ·17 still-born piglets per litter. 
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TABLE 50. 

O va Unaccounted for at Parturition in Large Black and Large White Pigs. 

Number of individuals .... . ..... .. .. . .. . .... . . .. .. . 
Total Number of ova . ........ . .. .. ... . .. . .. .. .. . . . 
Average number of ova . ....... . ......... . . . . . ... . . 
Number of li tters ....... ... .......... . .. . .... . . ... . 
Piglets born (alive and st ill-born):-

Tota l Number. . . .. .... . . . ... . . .. . . . .. . . .. . . 
Average No .... . .... . .. . ..... . .. ..... . ..... . 

Ova unaccounted for at parturition:-
Average Number. .. . . ......... . .... .. ... ... . 
Average Per Cent. Number. .... ... ...... .. . . . . 

Normal piglets born:-
Total N umber. .. . . . . . . . . ..... ... .. .. . . . . .. . 
Average N umber. . .... . .. . ... ... .. . . . . . . .. . . 

Ova not resulting in normal piglets:-
Average Number. .............. . . . ... ... . . . . 
Average Per Cent. Number. .. . .. . .. .... . ... . . 

Large 
Blacks. 

58 
775 

13 ·36 
54 

429 
7·94 

5·42 
40·57 

390 
7·22 

6·14 
45·96 

Large 
Whites. 

40 
659 

16·47 
35 

337 
9·63 

6·84 
41 · 53 

296 
8·46 

8·01 
48·63 

Large 
I Blacks 

and Large 
Whites. 

98 
1,434 

14·63 
89 

766 
8·61 

6·02 
41·15 

686 
7· 71 

6·92 
47 ·30 

Atrophy of the Embryo between 26 Days of Pregnancy and Parturition. 
By calculating the mean number of normal embryos at 26 days of pregnancy 

from the data in Table 45, and by utilising the date for the number of normal 
piglets at birth appearing in Table 50, it becomes possible to arrive at an estimate 
of the incidence of atrophy between the 26th day of pregnancy and parturition. 
As the results in Table 45 show a higher degree of atrophy at the 60th and 
probably at the 48th hour, of service in Large Blacks and at the 36th hour in 
Large Whites, the data of these periods were omitted from the particulars presented 
in Table 51. 

TABLE 51. 

Estimated Atrophy Between 26 Days of Pregnancy and Parturition in Large Blacks 
and Large White Pigs. 

Normal embryos at 26 days of pregnancy: 
Number of individuals .. ..... . .... ... . . . . ... . 
Number of embryos . ............ ... .. .. .. . . . 
Mean number of embryos ... . . . . . . ... . . .. .. . . 

Normal piglets at parturition: 
Number of litters . ..... ..................... . 
Total number of piglets ....... . ... . .. . . . .... . 
Mean number of piglets ......... . . . . .... . ... . 

Normal embryos at 26 days of pregnancy : 
Mean number .. ... ........... .. ... . .... . ... . 
Mean Per Cent. Number. . .. .... . ......... . . . 

Large 
Blacks. 

40 
338 

8 ·45 

54 
390 

7·22 

1 ·23 
14·56 

Large 
Whites. 

30 
365 

12·17 

35 
296 

8·46 

3·71 
30 ·48 

Large 
I Blacks. 

and Large 
Wh ites. 

I 
70 

703 
10·04 

89 

I 

686 
7· 71 

2·33 
23 ·21 

Considerable breed differences are indicated. The estimated mean number 
of normal embryos at 26 days of pregnancy, which fail to be represented by normal 
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piglets at birth, amounts to 1 · 23 in Large Blacks and 3 · 71 in Large Whites. This 
involves an estimated incidence of atrophy between the two intervals of 14 ·56 per 
cent. in Large Blacks and 30 · 48 per cent. in Large Whites. 

Farrowing Over Day and Night. 
As the hour of parturition was recorded in the majority of instances, it is 

possible to determine whether, according to the limited number of observations 
available, any preference exists for the day or night period for the event to occur. 
The results show that over the two breeds, out of a total of 89 farrowings, 49 
occurred between the hours of 7 p.m. and 6 a.m. (night) and 40 between 7 a.m. 
and 6 p.m. (day). The Chi-squared test shows that no significant difference exists 
between these two totals. 

The Gestation Period. 
The frequency distribution of the duration of gestation is shown in Table 

52 (a) and additional information in Table 52 (b). 

TABLE 52, 

Frequency Distribution of the Period of Gestation in Large Black 
and Large White Pigs. 

(a) 

Class Interval, (Days). 

Ill ....................... .. . ... . .... .. .. . ......... . ... . . 
112 ................. . .......... . ............ . . ... ..... . . . 
113 ........................... . . ....... . .. . .... . ........ . 
114 ... .... ....... . ........... . .............. ...... ...... . 
115 ....... ... ................ . ......... . ................ . 
116 .. ... . . . ... ....... . .... . ...... .. ... . ........ . ........ . 
117 .................... . ............... . ... . . . .. . .... . .. . 
118 .... ...... . . . ......... ... . ..... . ....... . ... .. ........ . 

TOTAL. ... . . ... .... . ................. . 

(b) 

Number of individuals ... . . .. .. .. . ............. .. ... ....... . 
Mean duration of gestation, days ..................... . . . .... . 
Standard deviation ............. . .... . . ...... . ..... .. ... . .. . 

FREQUENCIES. 

Large Blacks. [ Large Whites. 

5 0 
5 7 

13 10 
10 12 
3 10 
4 9 
0 2 
0 3 

1-----;-----

1-- 40 ==1===53 = == 

40 
113.35 

1·42 

53 
113·66 

1 ·42 

Calculation shows the standard deviation of the difference to be 0 · 733, hence 
the breed mean difference is non-significant. In Large Blacks the mode is 113 
days and the range 111 to 116 days and in Large Whites the mode is 114 days 
and the range 112 to 118 days. 

Migration of the Embryo. 
Actual transference of the fertilized ovum from one cornu to the other can 

only be assumed if the number of embryos carried in any one cornu exceeds the 
relative number of corpora lutea. Such a condition may, however, be confounded 
by the existence of one or more multiovular follicles or twinning on the relevant 
side. As such phenomena appear to be of rare occurrence (Corner, 1921, 1923), 
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these probabilities have been ignored and each corpus luteum assumed to 
represent an ovum at the time of conception. All females, slaughtered at about 
26 days of pregnancy in the optimum service period studies, have been used as 
material for this study. Out of 61 Large Black sows and out of 44 Large White 
sows, 21 instances were discovered in each breed in which migration of the embryo 
appears to have occurred. The data are presented in Table 53. 

TABLE 53. 
Migrat.ion CYj the Embryo. 

LEFT CORNU. RIGHT CORNU. 

Sow No. No. of Em- No. of Em-
bryos in C.L. No. of No. of C.L. bryos in 
Excess of No. Embryos. Embryos. No. excess of 

No. ofC.L. ' No. ofC.L. 
i 

LARGE BLACKS. 

I I 

32 ... ... .. - 8 I 6 6 i 5 1 
34 ........ - 15 i 6 4 3 1 
45 . . ..... . 10 7 4 I 1 3 
48 . ....... 1 5 

I 
6 8 9 -

55 ... . . . . . 7 3 7 4 I 3 
60 ..... ... 8 6 6 5 I 

110 ... .. . . . 1 3 I 4 5 II 
11 6 .. . . . . .. - 7 I 5 7 6 

I 
118 . ... .... - 8 6 5 4 
123 ..... . .. I 7 8 8 10 
126 . . .. . ... - 9 2 4 0 4 
130 . . ... . .. 4 1 5 4 9 -
132 ........ 8 6 7 6 1 
137 . . ...... - I 7 5 4 3 I 
138 . .. . . . . . 8 4 8 4 I 4 
157 ... . ... . - I 9 5 6 5 I 1 
160 . . .. .. . . I ' 3 4 5 8 
161. . .. : . .. I 10 7 6 5 I 
188 .. . ... . . - 13 4 5 0 I 5 
191. .... ... - 9 4 6 4 ! 2 
221 . ....... J 6 7 5 9 

LARGE WHITES. 

18 ... . . ... 1 

I I I I 4 5 3 6 
71. . .... . . 1 9 10 4 9 
73 . . .... . . 2 7 9 6 9 
77 . . . ..... I 10 7 5 4 
79 . . ... . .. 2 I 7 9 7 12 
82 . . .. . .. . - 12 6 9 7 

I 
2 

96 ... . .... 15 8 8 3 5 
98 . . .. . ... 2 6 8 6 8 

103 ........ I 8 9 8 9 
113 .. . . .... 3 I 4 6 9 
116 ...... . . - 9 7 7 6 
118 .. . . .... 1 I 3 4 4 9 
135 . . . . . . . . - 9 5 9 7 2 
142 . .. .. ... 2 8 10 7 9 -
143 . . ...... 11 5 10 5 5 
149 . . ...... - 8 4 6 4 2 

! 
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Calculation shows that, for Large Blacks and Large Whites respecttvely, out 
of 61 and 47 cases examined 34 · 4 per cent. and 36 · 4 per cent. showed migration, 
and of these 28 · 6 per cent. and 56· 3 per cent. occurred from the right to the left 
cornu and 71 · 4 per cent. and 43 · 7 per cent. from left to right, All cases in which 
the number of embryos in the two cornua differ by one only were considered as 
being similar to those in which the numbers are identical. On this basis the data 
reveal that equalisation of the numbers of embryos have been achieved in 11 out 
of 21 (52· 4 per cent.) instances in Large Blacks, and in 4 out of 14 (25 per cent.) 
instances in Large Whites. Transfer in certain instances appears to have assumed 
considerable proportions, involving as many as 4 and even 5 embryos (vide Large 
Blacks Nos. 126, 138, 188 and Large Whites Nos. 96, 143). Furthermore, it has 
to be pointed out that migrations in various instances appear to have continued 
beyond the stage of equilibrium, producing considerable unbalance in numbers 
on the two sides. Such cases are shown in the following individuals: Large Blacks 
Nos. 55, 126, 138 and Large White No. 143. 

The Temperature of the Sow in Oestrus. 
It will be observed from Appendix 6, Table I, that the majority of sows were 

temperatured at each mating. All single temperature records are those taken 
immediately prior to service. In a limited number of instances two readings are 
shown, the first being that preceding, the second just after, service. Vaginal 
temperatures were taken with an ordinary clinical thermometer. The animals 
were housed most of the time, except for short periods while being fed or when 
idling in their exercising yard, 

The 24 hours of the day were divided into four equal six hour periods, 
starting from 6 · 01 p.m. The temperature records were classed under ea r.h interval 
according to the hour of service. Particulars abstracted from Appendix 6, Table I, 
are presented in Appendix 6, Table V, and a summary of the data, together with 
the analysis of variance, appear in Table 54. 

TABLE 54. 
Mean Vaginal Temperatures (°F) of Large Black and Large White Sows in 

Oestrus Taken at Sixhour Intervals Over the 24 Hours of the Day. 

NIGHT. DAY. 

I 
6·01 a.m.- 12·00 1 12 .01_6 .00 6 "01 P·n:·-12"00 1 12·01- 6·00 am mtdmght. · · noon. p.m. 

Large I Large I Large I Large 
Blacks. Whites. Blacks. Whites. La,,, 1 La<ge 1 La<ge 1 La'"' 

Blacks. Whites. Blacks. Whites. 

n........ ....... . . 27 8 9 5 25 15 21 17 

Mean(breeds) ...... 102·4 102 ·4 102 · 1 102 ·7 101·9 102·1 101·9 102·6 

Mean (both breeds) . 102·4 102·3 102·0 102 ·3 

Mean (both breeds) 
day and night) . . .. 

Mean (general) . . ... 

102 ·4 102 ·2 

102·2 
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Component. 

Breeds ............ . . .... 
Periods ...... . ..... . ... . 
Interaction ......... . • 0 •• 

Error .............. . .... 

TOTAL ... . . . . . • 0 •• 

-

TABLE 54 (continued). 

Analysis of Variance. 

D.P. Sum 
Squares. 

Mean 
Square. 

1 I 2·83 2 ·83 
3 3·63 1·21 
3 9·68 3·23 

119 68·32 0·57 

126 84·46 -

J. F. BURGER. 

F. I Significance. 

I 
4·96 I ss 
2·12 I ns 
5·67 I ss. 

I I 
- -
- -

=========·===- == === = -==== 

Although the analysis of variance seems to indicate that differences in tem
perature are not independent of breeds, the significance of the differences obtained 
is very doubtful, as shown by the fact that the calculated values fall short of the 
5 per cent. level of P. 

The calculated general breed mean is 102·1 °F. for Large Blacks and 
102 · 4 °F. for Large Whites. The over-all mean temperature is shown to be 
102 · 2 °F. The range is 100 · 0° to 104 · 5 °F ., 82 · 5 per cent. of cases falling in 
the 101 ·1 ° to 103 · 0 °F. range class. One individual showed a temperature of 
105 · 2 °F., but as this appeared to be abnormally high, her temperature was 
omitted from the range data. 

With regard to the temperatures before and after service, the data show 
that a rise was recorded in every instance, the mean increase over 34 observations 
in Large Blacks being 0 · 80 °F. and the range 0 · 3° to 1 · 8° F. The three only 
observations available for Large Whites show similar tendencies. These increases 
could in no instance be associated with infertility. 

Discussion. 
Thirteen authors have been reviewed with regard to the period at which 

pigs should be mated for optimum results. Of these only four have based their 
recommendations on data obtained from actual experimental work. The other 
writers, generally, assume that ovulation in the pig occurs somewhere during the 
second day of oestrus and that the fertilizable life of the spermatozoon is limited. 
Mating should therefore be timed so as to provide a fresh supply of active male 
cells at the top of the tubes as the ova are liberated. Furthermore, they argue 
that breeding should not be delayed till the last stages of oestrus because the 
viable life of the ovum is very short and that such matings may therefore be 
barren. Theoretically, this hypothesis appears very sound, but the argument 
must stand or fall principally on one aspect in the mechanism of reproduction, 
namely, whether or not the vitality of the spermatozoon, in the female genital 
tract, is as limited as has been generally assumed hitherto. 

Lewis (1911) found that 80 per cent. of the spermatozoa were dead 16 hours 
or more after mating and that live spermatozoa were present in only 5 cases out 
of 19 sows, killed 221- to 24 hours after mating. The results yielded by this 
technique would appear to be extremely unreliable, as the data that accrued from 
the work on the optimum service period will confirm. As has already been shown, 
ovulation in the Large White breed occurs between the 18th and 36th hour, and 
in the Large Black breed only between the 42nd and the 54th hour, of oestrus. 
Yet, notwithstanding this condition, out of 15 Large White and out of 11 Large 
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Black females, mated at the zero hour of oestrus, only two failed to conceive out 
of each breed group. Furthermore, the data show that the mean number of 
embryos obtained from services at the zero hour does not differ from those 
obtained at apparently more optimum periods. The doubtful value of such results 
is further revealed by the work of Krallinger and Schott (1933). These authors 
mated sows the first hour after the onset of oestrus and obtained litters com
parable to those from services allowed only on the second day. Such results, 
obtained from practice, therefore seem to negative the findings of Lewis and 
unmistakenly prove that the fertilizable life of spermatozoa within the female 
genital tract must be quite 48 to 54 hours, as is the case in the Large Black breed. 
Consequently, the method of searching for motile spermatozoa in the genital tract 
of the sow at set intervals after mating would appear to yield unreliable results. 
The technique does not provide acceptable data for the assumption that, in the 
pig, mating should not be allowed during early oestrus as such services may be 
barren, due to a lack of viable spermatozoa at the period of ovulation. 

Haring's (1937) claim that the viable life of spermatozoa rarely exceeds 24 
hours is based on the finding that, if sows are mated within 12 hours after the 
onset of oestrus and again 24 hours later, the greatest number of piglets born are 
from second matings. As ovulation, according to him, occurs at about the 24th 
h0ur and is completed at the 36th hour of oestrus, he concluded that spermatozoa 
from the first service had lost their vitality at the period of ovulation. A two· 
fold objection against this work would seem to be indicated. Firstly, his experi
ment was not planned to show whether a srngle service allowed within 12 hours 
after the onset of oestrus would be barren or not. No provision had been made 
for such single matings to serve as controls. Secondly, the introduction of a fresh 
supply of semen 24 hours after the first confounds the issue. It is quite 
conceivable that, if fresh and old spermatozoa were to surround the ovum 
simultaneously, impregnation would more easily be affected by the fresh germ 
cells. This condition may arise even though those male cells which arrived first 
may still be perfectly capable of fertilizing the ovum. The literature does not 
mention whether all first services were performed by the same boar or not. If 
the same boar had been used, the probability exists that his germ cells might 
have been of a low vitality, as spermatozoa from different boars may vary con
siderably (Marshall and Hammond, 1937). McKenzie (1932), employing an 
exactly similar technique to Haring, demonstrated that in 8 out of 13 such double 
matings, pregnancies resulted from first matings only. This finding is therefore 
at variance with that of Haring's. The great disparity between the results of 
these two authors could probably best be explained on the basis of decided 
differences between the longevity of the spermatozoa in utero between the boars 
used. Also, McKenzie's gilts might, as a breed, have ovulated at a much earlier 
period than the sows used by Haring. This study has shown that significant 
breed differences exist with regard to the period of ovulation. 

With regard to the optimum period to breed pigs, Haring (1937) recommended 
the second day, or about 24 to 40 hours after the beginning of oestrus, as the 
largest number of fertilizable ova will then be available. McKenzie and Miller 
(1930 b) and McKenzie (1932) stated that too early matings might be barren and 
recommended double services to procure large litters. It is of importance to note 
that all three authors followed the same plan. They mated sows during the early 
stages of oestrus and again a second or third time at specified intervals after the 
first, using differently-coloured boars at each mating. Although their results vary 
somewhat, their conclusions are similar. A very serious objection has to be 
brought forward at this stage against their technique. Their work merely 
demonstrated that certain piglets resulted from particular services allowed at 
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definite intervals during oestrus, but there is no evidence as to litter size 
consequent to those particular matings. For instance, in Haring's table, the fact 
that out of a total of 10 piglets, 4 resulted from a first mating allowed 12 hours 
after the onset of oestrus, does not prove that the number of piglets from the first 
mating need necessarily have been no larger than four. No provision had been 
made to pit the one service period against another and then to compare actual 
litter size resulting from the practices followed, Furthermore, the fact that piglets 
are born from a first or second service only, or that the litter is mixed, is doubtful 
evidence as to the priority that should be accorded any one of the systems of 
breeding recommended. The deliberate mixing of " stale " and fresh semen might 
provide misleading information. As indicated above, the spermatozoa introduced 
by the last services may very probably have an advantage over their more 
exhausted, and therefore less motile, competitors in the impregnation of ova. 
That, however, does not prove beyond doubt that the older cells are incapable 
of achieving maximum fertilization of the available ova. Also, the fertilizing 
abilities of the germ cells from one boar might be of a much superior quality than 
that from another, although the literature affords no evidence on this aspect. 

The present study was an attempt to improve on the technique employed by 
the authors discussed above. The procedure adopted was to assess the size of 
litter at 26 days of pregnancy in terms of the number of embryos, instead of the 
number of piglets delivered at term. It is fully realised that a number of 
objections might be advanced against this method. The most important would 
seem to be that litter size at 26 days of pregnancy is not a true reflection of the 
ultimate number of piglets that would have been delivered at birth. Further
more, an additional objection arises from the fact that all embryos, whether normal 
or atrophic, were considered in total litter size, Other workers have shown that 
atrophy in the pig is a normal phenomenon and may assume considerable 
dimensions (Hammond, 1921; Machens, 1915; Haring, 1937; Corner, 1921, 1923; 
etc.). 

With regard to the first objection raised above, it might be argued that the 
atrophic factors, responsible for the reduction of litter size between 26 days of 
gestation and parturition, will react with equal severity on all litters sired at the 
various intervals. Consequently, the total number of embryos at 26 days should 
be a reliable reflection of litter size at birth anyway. An exception to this, it 
would appear, exists for matings allowed during the last stages of oestrus, namely, 
at the 48th and 60th hour intervals in Large Whites and Large Blacks respectively, 
as will be discussed below. Secondly, the inclusion of both normal and atrophic 
foetuses at 26 days in total litter size was resorted to intentionally. It was desired , 
in addition, to determine the fertilizing powers of the spermatozoa, admitted at 
the different periods during oestrus, at as early a period during gestation as was 
practically possible. Disregarding, therefore, those embryos which atrophy and 
are resorbed in the very early stages of pregnancy, an all-inclusive embryo count 
at the 26th day would be a much more reliable index of such fertilizing abilities 
of the male cells than litter size at term. Effective litter size at the 26th day stage, 
with the exclusion of atrophic embryos, will be considered in the discussions below. 
Also, the additional information which accrued from the adoption of this plan, 
without seriously detracting from the main object of this study, further justified 
the procedure. 

The application of statistical methods to the data clearly shows that an 
optimum time to mate pigs within the oestrus period could not be demonstrated, 
at least not if the object be to obtain the highest degree of fertilization of the 
available ova. Within the breeds the differences between the mean numbers of 

109 



SEX PHYSIOLOGY OF PIGS. 

embryos for the various service intervals are insignificant at the 5 per cent. level. 
The White breed is considerably more fertile than the Black breed. Even though 
the interval mean differences fail to reach significance, it is of importance to note 
that, in both breeds, the mean number of embryos at the 12-hour period is greater 
than that at any other period. This indicates that breeding at that stage might 
possibly be just slightly more favourable than at other intervals. 

The above finding is rather unexpected and is not in agreement with the 
generally accepted view, propagated for many years, that pigs should be bred at 
about the second day of oestrus. The disparity revealed between the results of 
this study and those of other workers (Haring, McKenzie, McKenzie and Miller) 
could possibly be explained by differences in technique. Those authors failed to 
show real differences in litter size between early and late services. They based 
their conclusions, as to the advisability of breeding at about the second day of 
oestrus, mainly on the evidence afforded by the constitution of litters resulting 
from matings performed by differently-coloured boars at various periods during 
oestrus. The probability of the introduction of error by such a procedure has 
already been discussed. From the available literature it would appear that 
Krallinger and Schott (1933) were the only workers who mated sows once only 
at specified times during oestrus and compared the mean litter size at birth. They 
showed that 46 pregnancies, resulting from services within the first hour of oestms, 
yielded a mean litter size of 9 · 8. Of 348 matings, allowed on the day following 
the appearance of oestrus, a mean litter size of 10 · 05 was obtained. The difference, 
they found, was not significant. The findings of the present study is therefore in 
agreement with that of these two authors. 

This aspect in fertility was also approached from a different angle. By using 
a fertility index, that is, the number of embryos calculated as a percentage of the 
relative number of corpora lutea, the analysis of the data yielded identical 
conclusions to those discussed above. This, incidentally, also shows that the 
fertilizing powers of spermatozoa remain unimpaired in utero up to 48 to 54 hours, 
the period of ovulation in Large Blacks. 

The conclusions arrived at in the preceding paragraphs have to be qualified 
in two respects before a decision could be arrived at with regard to an optimum 
service period, 

Firstly, examination of the number of clearly atrophic embryos occurring at 
the different service intervals (Table 45) reveals that, if breeding is delayed until 
towards the end of the oestrous period, the number of atrophic cases is increased 
above the normal. For Large Blacks this applies to the 60th and probably to 
t~e 48th hour of oestrus, and for Large Whites to the 36th hour, the respective 
times when the metoestrous phase for these two breeds is due. As shown previously, 
ovu~ation is completed at 54 hours in Large Blacks and at 36 hours in Large 
Whites. If, therefore, mating be delayed till the 60th hour in Large Blacks, the 
youngest crop of ova would be at least 6 hours old and the oldest 12 hours. If 
delayed till the 36th hour in Large Whites, the ages of the ova would range from 
0 to 18 hours. Egg cells of such ages, could certainly be classed as " stale ". These 
results therefore show that, in the pig, ova remain fertilizably viable for 12 to 18 
hours but, if fertilized, the zygote is subject to aberrations and early death to an 
abnormal degree, even during the first quarter (26 days) of gestation. Unhappily 
it wa~ not possible to obtain further information as to what would happen if 
gestation were allowed to run its full course. The available information, however, 
i?-dicates that litter size would .be significantly reduced if breeding were delayed 
till the end ?f the oestrous penod, In Large Blacks this would occur if mating 
be delayed till after the end of the second day and, in Large Whites, till after the 

110 



J. F. BURGER. 

end of the first day, of oestrus. The rising incidence of atrophic conditions in the 
embryo, concomitantly with the ageing of the ovum from which it derives, would 
appear to confirm for this species the similar results established for the guinea 
pig by Blendau and Young (1939). These authors showed that, in the guinea-pig, 
developmental abnormalities, death and abortion of the embryo and reduced litter 
size, follow inseminations after the egg has attained the age of 8 hours and more. 
These conditions they ascribed to the age of the egg at the time of fertilization: 
the early stages in development being mainly affected. 

The present study has shown that all matings allowed at the zero hour of 
oestrus resulted in the lowest mean number of atrophic embryos. At the time of 
fertilization the spermatozoa, introduced at the onset of oestrus, must have been 
48 to 54 hours old in the case of Large Blacks and 18 to 36 hours in the case of 
Large Whites. Such conditions, therefore, indicate that developmental abnormalities 
of the embryo are not a consequence of impregnation of fresh ova by "stale" 
spermatozoa. Similar results have been reported for other species of animals by 
Dunn (1927), Riddle and Behre (1921) and Hammond and Asdell (1926). 

Secondly, the probabilities of fertile matings at the different intervals are of 
major importance and cannot be ignored in practice. The results have shown 
that, after the onset of oestrus, breeding of the sow should not be postponed 
beyond the middle of the second day, for Large Blacks, and beyond the end of 
the first day, for Large Whites, as the incidence of abortive matings rises steeply 
after these respective periods. 

The fact that no significant differences obtain between the mean number of 
ova that become fertilized as a result of successful matings at:owed during any 
interval of the oestrous period, cannot therefore be accepted as evidence that it 
is immaterial when sows are mated. The established condition that the number 
of atrophic embryos increases and the rate of conception decreases as oestrus 
advances, therefore shows that breeding operations must be confined to the early 
stages of the receptive state of the sow for optimum results. For Large Blacks, 
with a mean duration of oestrus of 49 · 9 hours, breeding should be confined only 
to the first day. The generally accepted view that the egg retains its vitality for 
a very short period in all species of animals (Lewis, 1911; Knaus, 1931 ; etc.) is 
fully borne out by the present study. It has been shown that, in Large Blacks, 
ovulation occurs from the 48th to the 54th hour and, in Large Whites, from the 
18th to the 36th hour of oestrus. Reference to Table 46 will show that, in Large 
Blacks, the percentage of successful matings up to the 36th hour is still 80 · 6, 
then suddenly declines to 53 ·1 at the 48th hour and to only 14 · 8 at the 60th hour. 
At 60 hours the ages of the ova would range from 6 to 12 hours. The low level 
of only 14 · 8 per cent. of pregnancies, obtained for this interval, would therefore 
undoubtedly have resulted from the fertilization of the most recent crop of ova, 
about 6 hours old at the time of service. The low percentage of 53 · 1 of 
pregnancies at 48 hours, shows that disappointing results follow even in those 
instances where breeding and liberation of ova just about synchronise. As 
ovulation in the Large White breed occurs from the 18th to the 36th hour, that is 
over a period of 18 hours, that interval is considerably longer than in the former 
breed. Nevertheless, successful matings are only assured if confined up to 6 hours 
after the expected onset of ovulation, that is, up to the 24th hour. The percentage 
of pregnancies declines from 87 · 5 at 24 hours to 63 · 6 at 36 hours, and to 28 at 
48 hours. The results for both breeds, therefore, show that mating should be 
allowed during that period which precedes the onset of ovulation, if the highest 
rate of pregnancies is to be obtained. The optimum period, both in respect of 
effective litter size and of conception rate, is confinea to the first 36 hours of 
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oestrus in Large Blacks and to the first 24 hours in Large Whites. The advice, 
tendered by the majority of writers, that breeding should be delayed till the second 
half of the oestrous period, could therefore not be supported by the results of the 
present study. 

The cause for differences in fertility between breeds of pigs and between ages 
within the breeds, is fundamentally the same, namely differences in the mean 
numbers of ova maturing at each ovulation period. If the data for the two breeds 
be considered jointly, there appears to be no doubt that pigs shed significantly 
larger numbers of eggs with advancing age. The results show an over-all mean 
number of corpora lutea of 14 ·12 at 7-8 months and 16 ·17 at 17-57 months of 
age, that is, an increase in basic fertility of 14 ·52 per cent. over the stipulated age
spread. These results are therefore in agreement with those of Harris (1916), 
Hammond (1914), etc. 

The rare condition in which the number of embryos exceed the relevant 
number of corpora lutea, as reported by Corner (1921, 1923), has been confirmed 
by the present study. Out of a total of 102 observations over both breeds, embryo 
counts were in excess in only three instances. A further seven instances were 
recorded in which the number of embryos and corpora were identical. The 
incidence of such relationships would undoubtedly be higher if observations could 
have been carried out at a much earlier stage of gestation than has been possible 
in this study. 

As has been shown above, the correlation between the embryo number and 
the relevant number of corpora lutea is highly significant. Hence, appreciable 
differences between the number of eggs shed at different ovulations will be directly 
reflected in the relative litter sizes. The data reveal surprising variations in ova 
number produced at consecutive ovulations. Calculation has further shown that 
no correlation exists between these two variables, so that an estimate as to a sow's 
fertility, based on the number of corpora lutea of a single ovulation, could be most 
misleading. Differences of 8 to 9 corpora are not uncommon and in one instance 
the disparity amounted to as much as 24 and in another to 16. Corner (1923) 
estimated that about 70 per cent. of the original number of ova are represented 
by live piglets at birth. On this basis, an individual such as Large Black No. 23 
(Appendix 6, Table IV), may deliver only 5 or 6 piglets if mated during the period 
when she matured 8 ova. On the other hand, if she were mated at the next period, 
when 24 ova were produced, she might have had a litter of 17 or 18 piglets. This 
condition, therefore, shows that it would be dangerous to estimate the fecundity 
of a sow on the evidence of any one litter only; she should be given at least a 
second chance if her first litter was disappointingly small. 

Corner (1923) found that at the third week of pregnancy (13 to 21 days) 
26 · 6 per cent. of ova were missing. That finding agrees very closely with that 
of the present study, which shows that 28 ·17 per cent. of ova could not be 
accounted for at 26 days of pregnancy. Corner also estimated that about 30 per 
cent. of ova never resulted in living young. The available data show that 45 · 96 
per cent. and 28 · 63 per cent. of ova, in Large Blacks and Large Whites respec
tively, fail to give rise to viable young at birth. 

According to Corner (1921), 7 · 43 per cent. and 4 · 25 per cent. of embryos are 
degenerate at 20 and 30 days of pregnancy respectively and, in a further study 
(1923), he found that at the third week, 4 · 7 per cent. were abnormal. Disregarding 
all data for Large Black sows served at the 48th and 60th hour intervals and for 
Large Whites served at the 36th hour interval, calculation shows that, in the former 
breed, 9 · 86 per cent. and, in the latter breed, 4 · 19 per cent. of ova are abnormal 
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at the 26th day of pregnancy. The figure for the Large Black breed is therefore 
almost identical with that of Corner's for the 30th day of gestation, but that for 
Large Blacks is more than double that for Large Whites. The literature supplies 
no data relative to the incidence of atrophy between the 26th day of pregnancy 
and parturition. A calculated estimation, based on the available material, shows 
that, for Large Blacks, this amounts to 14 ·56 per cent. and, for Large Whites to 
30 · 48 per cent. It has further been shown that in Large Blacks 9 · 09 per cent., 
and in Large Whites 12 ·16 per cent., of all piglets born were still-born, which 
figures are rather higher than Krizenecky's estimate of 6 · 99 per cent. McKenzie 
(1928) and Hughes et al. (1928) have shown that sub-optimal treatment of pregnant 
sows may lead to increased atrophy of the embryo. As all sows received identical 
treatment in these studies, the higher incidence of degenerates obtaining in the 
Large Black breed at the 26th day must be ascribed to other causes than those 
arising from under-nourishment. This may be due either to an inherent breed 
difference or to genetic factors carried by the particular blood-line, predisposing 
the embryos to degeneration and death at an early age in the Large Blacks. Sub
sequent to this stage of gestation, however, death of the embryo and the number 
of still-born piglets occur at a considerably higher rate in Large Whites than in 
Large Blacks. Corner (1921) thinks that overcrowding, especially during the latter 
half of gestation, is an important but not the only factor inducing degeneration. 
Hammond (1921) considers that in domesticated animals production has out
stripped nutrition. Both views, therefore, indicate that death of the embryo will 
tend to be accentuated with increased litter size. Hence, the greater fecundity of 
the Large White breed of pig is probably the basic cause of the greater incidence 
of degeneration of the embryo subsequent to the 26th day of gestation and of the 
larger number of still-births, as revealed by these studies. 

The mean number of corpora lutea (and hence the number of ova shed), 
including all ages, have been shown to be 13 ·54 and 16 · 70 for Large Blacks and 
Large Whites respectively. Furthermore, the number of corpora lutea and the 
number of embryos at the 26th day of pregnancy have been shown to be highly 
correlated. Atrophy in Large Whites, subsequent to the 26th day amounts to 
30 · 48 per cent. agai nst 14 ·56 per cent. in Large Blacks. Also, in Large Whites, 
12 · 16 per cent. of piglets are still-born against 9 · 09 per cent. in Large Blacks 
Yet, notwithstanding these conditions, effective litter size in Large Whites is 
still greater than in Large Blacks, namely, 8 · 46 as against 7 · 22. A mean 
difference of 3 ·16 ova between the two breeds is thus responsible for a 
mean difference of 1·24 live piglets at birth. From this it follows that fecundity 
in the sow is to a great extent governed by the number of ova liberated. Any 
endeavour to increase litter size in breeds with a low fertility through selection 
and breeding, cannot therefore easily be dissociated from an attempt to increase 
the number of eggs that ripen at each oestrus. On the other hand, the results have 
shown that, on an average, 47 · 3 per cent. of ova available for fertllization fail 
to develop into viable pigs at birth. Jf, therefore, the many factors, responsible 
for non-impregnation of the ovum and for developmental abnormalities sub
sequent to fertilization, could be effectively eliminated, fecundity in the pig would 
be almost doubled without any increase in the number of female germ cells 
produced. Those factors are, however, as yet but vaguely understood. Hammond 
(1921) has indicated that the factors which control the number of eggs which 
develop to reach birth-size have the greatest influence on fertility in domestic 
animals; this opinion is fully supported by the results discussed above. The 
Large White is today recognised as the most prolific of all breeds of pigs. As 
the evidence indicates that those factors postulated by Hammond are as prevalent 
in this breed as in others, its present-day status must be ascribed to its inherent 

113 



SEX PHYSIOLOGY OF PIGS . 

genetic ability to mature large numbers of ova. This condition will undoubtedly 
be the direct result of selection based on large litters, applied over many genera
tions. Any further improvement in this respect must necessarily be slow. It 
seems clear that considerable advances in fecundity would therefore most readily 
accrue if further research could reveal and show how to control those factors 
responsible for death during intra-uterine development. 

The gestation period for the two breeds is almost identical, namely, 113 · 66 
days for Large Whites and 113 · 35 days for Large Blacks. These figures agree 
very closely with those supplied by other authors (Zorn and Krallinger, 1930; 
Carmichael and Rice, 1920; etc.). The constancy of this period, as McKenzie 
(1928) remarked, is truly remarkable. The breed differences in modes and ranges 
should be considered as tentative in view of the limited number of observations. 

Migration of the embryo from one cornu to the other. as demonstrated by 
Warwick (1926), and Kupfer and Quinlan (1926), has been confirmed by these 
studies. Transference of the embryo may be a very normal phenomenon but, 
without resorting to Warwick's or Kupfer and Quinlan's technique of semi-spaying 
sow8, it is impossible to establish such a condition unless the number of embryos 
actually exceeds the relative number of corpora lutea on any one side. It does, 
however, seem clear that the object of migration is to equalise the number of 
embryos in the two cornua, as in all instances in which transference was demon
strable, such occurred from the side carrying the larger number of corpora lutea 
to the one carrying the lesser number. The objective of equalisation is, however, 
not always achieved and the mechanism involved does not appear to be infallible; 
unbalance has resulted in several instances in which the process was clearly 
overdone. It would appear that once the migratory action is set in motion, 
effective control of the movement is lacking. A clear indication of such a con
dition is well illustrated by the following two instances. In Large White No. 143 
ten embryos and 5 corpora lutea appear on the right side, whereas the left side 
carried only 5 embryos and 11 corpora lutea. In the case of Large Black No. 126, 
the left side with 9 corpora lutea carried only 2 embryos whereas the right side 
with no corpora lutea carried 4 embryos. By and large, however, reasonable 
success is actually achieved by relieving the heavier-bearing horn of the uterus 
of its unequal burden. 

The recording of the temperatures of sows immediately prior to services was 
intended solely as a check on the normal condition of the animals at the time of 
mating. No systematic attempt was made to correlate variations in body tempe
ratures with those of diurnal atmospheric changes. The temperature of the normal 
sow during interoestms, under the climatic conditions of the Western Transvaal. 
could therefore not be indicated. However, the available results show that no 
convincive significant mean differences could be demonstrated for body tempera
tures of the sow in oestrus, if the data be considered in six-hour intervals. It is, 
of course, probable that hourly records would have yielded more reliable infor
mation. These periodic records seem to indicate that the sow, not exposed to the 
direct rays of the sun, is in possession of a sufficiently effective heat regulatory 
mechanism to enable her to maintain an even state of body heat, notwithstanding 
diurnal variations in atmospheric temperatures. Harder's (1937) finding that 
minimum and maximum body temperatures obtain in the early morning and late 
afternoon respectively, could therefore not be substantiated under the prevailing 
conditions. The breeds do not appear to differ significantly. The over-all mean 
temperature of 102 · 2° F. agrees very closely with the 102 · 4° F. as supplied by 
Palmer (1917), but disagrees slightly with the mean of 103 · 3° F .. according to 
Smith (1907). 
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Summary and Conclusions. 

1. The mean percentages of conception, resulting from services at 12 hour 
intervals during oestrus, were similar from 0 to 36 hours in Large Blacks and from 
0 to 24 hours in Large Whites; thereafter highly significant declines, typical for 
each breed, follow. 

2. Differences b~tween the mean numbers of ova that become fertilized, as a 
result of successful matings allowed at any time during oestrus, are non-significant. 
The incidence of atrophy of the embryo is accentuated if services are delayed 
until towards the end of oestrus. In Large Blacks this condition arises if preg
nancies result from matings occurring at the 60th and probably at the 48th hour, 
and in Large Whites at the 36th hour, of oestrus. 

3. Atrophy of the embryo as a result of impregnation by "stale" spermatozoa 
does not occur. 

4. The optimum period to breed pigs is dependent on the duration of oestrus. 
Best results are secured from matings occurring at any period during the first 36 
hours of oestrus in Large Blacks and during the first 24 hours of oestrus in Large 
Whites. 

5. The influence of age on fertlity is due to an increase in the number of ova 
shed with advancing age: over the Large Black and Large White breeds the 
mean number of ova at 7-8 months is 14 ·12 and at 17-57 months is 16 ·17. 

6. The condition seems to be rare in which the number of embryos exceeds 
the relative number of corpora Jutea. 

7. The number of ova shed by a sow at consecutive ovulations are un
correlated. 

8. Of the ova liberated 28 ·17 per cent. cannot be accounted for at the 26th 
day of pregnancy and 41·15 per cent. cannot be accounted for at parturition; 
47 · 3 per cent. of ova fail to give rise to living young at birth. 

9. Over-crowding appears to be a cause of atrophy of the embryo. 

LO. The mean number of ova shed (including all ages) is 13 ·54 and 16 · 70 in 
Large Blacks and Large Whites respectively. 

11. The mean number of normal embryos at 26 days of pregnancy is R · 45 
and 12 ·17 in Large Black and Large White pigs respectively. 

12. The estimated incidence of atrophy of the embry0 between the 26th day 
of pregnancy and parturition amounts to 14·56 per cent. and 30·48 per cent. in 
Large Blacks and Large Whites respectively. 

13. The mean number of normal piglets delivered at birth is 7 · 22 in Large 
Blacks and 8 · 46 in Large Whites. 

14. The mean number of still-born piglets is 0 · 72 (9 · 09 per cent.) in Large 
Blacks and 1 · 17 (12 ·16 per cent.) in Large Whites. 

15. No preference is shown for farrowings to occur during the day or night. 

16. T he mean duration of gestation is 113 · 35 days in Large Blacks and 
113 · 66 days in Large Whites; the mean difference is non-significant. 

17. Migration of the embryo could be demonstrated in 34 · 4 per cent. and 
in 36 · 4 per cent. of cases in Large Blacks and Large Whites respectively. 
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18. Mean body temperatures of the sow in oestrus, taken at six-hour intervals 
over the 24 hours of the day, do not differ significantly; the mean over-all tem
perature is 102 · 2° F. and the range is 100 · 0 to 104 ·5° F., 80 · 4 per cent. of cases 
falling in the 101 ·1 to 103 · 0° F. class. 

PART 5. 

VIII. STUDIES ON THE BOAR. 

Observation 6. 

The Deposition of Semen by the Hoar in the Genital Tract of the Sow During 
Coitus. 

Object. 

The object was to determine in which compartment of the genital tract of 
the sow the boar deposits his semen during coitus. 

Material and Method. 

Four Large Black gilts, one Large Black and one Large White boar were 
employed as material. Mating was performed either in a serving crate or "free " 
as each case demanded. The duration of each service was timed in minutes and 
seconds. Immediately at the termination of coitus the gilt was killed with a 
" humane" killer and, as soon as all involuntary reflex movements had ceased, 
she was opened and the different compartments of the genital tract isolated by 
tying off with pieces of twine. The genitalia were then removed to the laboratory, 
each compartment opened in tum and examined for the presence of semen. The 
interval between coitus and examination did not exceed 15 minutes. The volume 
of semen contained in the cornua was determined by " milking" into a measuring 
cilinder. In the case of one gilt, the cervix, with the gelatinous fraction inclusion, 
was photographed for record purposes. In two instances scrapings from the walls 
of the fallopian tubes were examined microscopically in order to determine the 
extent of penetration of the spermatozoa. 

Literature. 

McKenzie et al. (1938) thought that the main function of the great volume of 
semen is to wash the ejaculate into the uterus and that semen is deposited well 
into the cervix. The gelatinous fraction of the ejaculate, coming chiefly toward 
the end of coitus, they state, is probably intended to seal the cervix and forestall 
the loss of semen. However, they claim that normal services resulted from boars 
with both the seminal vesicles and Cowper's gland removed, showing that the 
"bouchon vaginal" is not indispensible. The time required for ejaculation is not 
affected by the frequency of ejaculations. Phillips (1935) quoted a communication 
from McKenzie to the effect that the male germ cells reach the middle of the tubes 
in 3 ·1 hours and the ovaries in 5 hours. Rodolfo (1934) showed that spermatozoa 
reach the tubes within 40 minutes after artificial insemination and stated that this 
is possible only because of the pressure exerted by the volume of semen, as the 
cells cannot by themselves wiggle their way through 160 mm. of cornua in that 
period. 
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Results. 

Details of the results obtained in each of the four gilts appear in Appendix 7. 

Examination of the genital tract immediately after coitus reveals that in all 
four instances the cornua were flooded with semen, the volume varying from 13 
to 112 c.c. per cornu, according to whether coitus was accompanied by much 
spilling of semen or not, In the three instances in which the contents were care
fully measured, the total volume of semen, carried by the two cornua, was: 31 c.c. 
in gilt No. 56, 32 c.c. in gilt No. 62 and 217 c.c. in gilt No. 102. Considerable 
quantities of the ejaculate were wasted in the two first instances. 

In the case of gilt No. 56, much semen was wasted during coitus and no 
vaginal plug was found in the cervix. In gilt No. 62 a considerable overflow was 
noticed during the act but a gelatinous plug was produced, broken into two 
portions, measuring 3 · 5 and 5 · 5 em. each. In the other two gilts, Nos. 58 and 
102, served by a Large Black and a Large White boar respectively, no overflow 
of semen occurred during service. In both instances a large and unbroken 
gelatinous plug was produced, measuring 16 em. in the former and 14 em. in the 
latter case. The plugs were securely lodged in the cervices, completely closing the 
passage. In one instance this body measured 2 · 5 em. in diameter (Vide Photo 
No.7). 

PHOTO No. 7.- 0pened cervix showing " bouchon vaginal". 

Discussion. 

The results show that, in the pig, semen is deposited directly into the pars 
indivisa during copulation. From here, presumably, the ejaculate is transported 
to the cornua, either through mere pressure of the large volume of liquid (as 
suggested by McKenzie et al. and Rodolfo), or otherwise through peristaltic action 
of the uterine walls, or through both. McKenzie's communication that spermatozoa 
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reach the middle of the tubes only after 3 ·1 hours and the ovaries after 5 hours, 
is not supported by the results of this study. However, Rodolfo's finding that 
the germ cells reach the tubes within 40 minutes, has been well substantiated, It 
would appear that if the object of the exceedingly large volume of semen is to 
irrigate the uterus and serve as a medium of transportation of the spermatozoa, 
then that object is very effectively achieved. This is shown by the finding in one 
sow in which live male cells were recovered from the apices of the fallopian tubes, 
15 minutes after coitus. It is therefore clear that it is impossible for spermatozoa 
to lie in wait for the ova at the top of the tubes within 15 minutes after completion 
of the sexual act. 

It would appear that if undue spilling of semen occurs, a gelatinous plug is 
either not formed or is only partially produced, as was the case in both instances 
in which considerable wastage of semen resulted. In both instances in which no 
overflow occurred, the plug was found unbroken, firmly held by the rugae of the 
cervix. There appears to be no doubt that the object of this gelatinous fraction 
of the ejaculate is to seal the uterine canal in order to forestall wastage of semen, 
as suggested by McKenzie et al. However, as numerous fertile matings were 
observed to have been accompanied by considerable waste of the gelatinous 
fraction, and in which the formation of the " bouchon vaginal " was therefore 
improbable, its presence is certainly not indispensible, as mentioned by McKenzie 
and co-workers. 

Observation 7. 

The Duration o1 Coitus. 
Object. 

The object was to determine the duration of coitus. 

Material and Method. 

While these observations were in progress numerous matings had to be 
allowed. A service record was kept for each boar reflecting dates of service and 
duration of coitus. Occasionally a boar dismounted before completion of the act. 
coitus being completed in two or more stages. In those instances the duration 
was taken as the sum of the different periods. 

Literature. 

According to Rodolfo (1934) the duration of coitus in the boar is 5 to 
8 minutes, He stated that as this species yields the largest volume of semen of 
all farm animals, it cannot be mated as intensively as the ram. Marshall and 
Hammond (1937) gave this period as 10 to 20 minutes. Hammond (1940) says 
coitus lasts 3 to 25 minutes and that the boar shoutd not be disturbed during the 
act if the full quota of semen is to be ejaculated. Kronacher (1927) states that 
the sexual act lasts up to 10 minutes. According to McKenzie et al. (1938), this 
period occupies 10 minutes, with a range of 3 to 25 minutes. 

Results. 

The service records of the different boars used in these observations are 
presented in Appendix 7, Table I. From these it will be observed that only on 
rare occasions were boars used at intervals of less than two days, 
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It was thought that the interval of rest between services might have a 
bearing on the duration o1 coitu:"~ . Correlation coefficients between these two 
variables were calculated, the results showing that the coefficients for each breed 
are non-significant. (For Large Blacks r = 0 · 007; for Large Whites r = 0 ·1 003). 
The data for the two Large White boars, Nos. P. 65 and P. 145, were omitted 
from the calculations owing to the small number of observations available. 

The data for both breeds were further analysed by variance analysis to 
determine the degree of difference between the durations of coitus for the different 
boars. The results show that boars differ highly significantly in respect of this 
period. Table 55 and Figure 17 supply further information on the duration of 
coitus. 

TABLE 55. 

The Duration of Coitus 'in Large Black and Large White Boars. 

I Large Blacks. 1 Large Whites. 

--------------------------------------------------~--

Number of observations . . . . ... .............. . ....... . .. . . . . . 
Mean in seconds .... . .... . ............... . .... . ........... . 
Standard deviation . . ................................... . .. . 
Coefficient of variation ... .. .. .... ................ . ..... . ... . 

Large Wh ites. 
1240bservdtions. 
Medn 248·2 

244 
310·9 
108·92 
35·03 

F10. 17.- Frequency distribution of the duration of coitus. 

124 
248·2 
92·67 

37·34 

The results show that, for Large Blacks, the mean duration of coitus is 5 
minutes 11 seconds and for Large Whites 3 minutes 8 seconds, the mean difference 
being highly significant (t = 6 · 78. For n = 366, P = · 01, t = 2 ·58). Figure 
17 shows the frequency distribution of the duration of coitus, arranged in 15 second 
class-intervals. The mode is poorly expressed in both breeds, especially for Large 
Whites, but would appear to be at 285 seconds (4 min. 45 sec.) for Large Blacks. 
The variation is considerable for both breeds, the range being 90 to 645 seconds 
(1 min. 30 sec. to 10 min. 45 sec.) for Large Blacks and 90 to 570 seconds (1 min. 
30 sec. to 9 min. 30 sec.) for Large Whites. 
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Discussion. 
The finding by McKenzie et al. (1938) that no correlation exists between 

the period of inactivity and the duration of coitus, is supported by the present 
study. Highly significant individual and breed differences have been revealed. 
Considerable differences obtain between the various authors in regard to the 
length of this period. With the exception of McKenzie and co-workers, the 
references supply no experimental data for their statements. Working with 
Chester Whites and Duroc Jerseys, McKenzie et al. (1938) found the mean 
duration of coitus to be 10 minutes with a range of 3 to 25 minutes. They 
failed to mention breed differences but, as the durations recorded above for Large 
Blacks and Large Whites show decided differences, it seems clear that the 
disagreement between the present finding and that of the American workers 
should be ascribed to real breed differences. With regard to ranges, both breeds 
show a minimum of 1 minute 30 seconds and maxima of 10it minutes and 9! 
minutes for Large Blacks and Large Whites respectively. These figures also 
differ considerably from those of the majority of authors in other countries. 

Object. 

Observation 8. 

The Frequency of Services if the Boar is 
Allowed to Mate at Will. 

In this study it was the object to determine how often a boar will perform 
the sexual act if allowed free access to a sow in oestrus. 

Material and Method. 
Two Large White boars, P.64 and P.65 and two Large Black sows, Nos. 38 

and 61, served as material. The boars were 17 months old, both being active and 
fertile. When the boar was penned with his sow the latter was already well in 
oestrus. Attendants were on duty night and day. A lantern was used over night 
to provide only sufficient light to observe the behaviour of the boars. The time 
of each service or attempted service was recorded. The duration of coitus was 
recorded only in the case of P.65. The observation on each boar was terminated 
when it was considered that his sow was going into metoestrus. Unfortunately 
no other in-oestrous sows were available to continue each observation over a 
longer period. 

Literature. 
Rodolfo (1934) advised that boars should not be mated more often than 

once a day for more than two days in succession. He found that by the third 
day the number of spermatozoa falls far below the average of that in a light 
mating programme. He claimed that it is not wise to use a boar before he is 10 
months old and not intensively before he is two years of age. Marshall and 
Hammond (1937) recommended that boars of 9 to 15 months should be used 
only occasionally and that boars should not run with the sows, as exhaustion on 
one sow may lead to refusal to serve others subsequently. Asdell (1934) advises 
farmers to use boars of 8 to 9 months sparingly and not more than once a day 
on 12 to 15 sows per season, and at one year they can be used 25 to 30 times per 
season, gradually increasing to 50 to 60 times at the age of 2 to 3 years. McKenzie 
et al. (1938) showed that, for ejaculations occurring every 48 hours or longer, the 
volume of semen remains near or above 200 c.c. per ejaculate over periods of 
7 to 10 days, with a range of 125 to 500 c.c., the total number of spermatozoa 
exceeding 20 billion and abnormalities not exceeding 100 per 1,000. Repeated 
services at intervals of 24 hours or less, however, reduce semen volume to below 
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200 c.c. and the count to 2 to 5 billion, abnormalities increasing to more than 200 
per 1,000 af~er two or three days. Two of three boars, used at 12 hour intervals, 
temporarily lost their desire to mate after the third or fourth service. The first 
ejaculate, following a long rest, has a high total sperm count, but abnormal forms 
approach or exceed 200 per 1,000. A consistent relationship exists between 
abnormality counts and duration of motility, especially during frequent ejacula
tions. They concluded that yearling boars should not be mated more often than 
once in 24 hours and that best results might be expected at 48 hour intervals, 
if the season is to extend over a period of two weeks or more. Chester White and 
Duroc Jersey boars were used as material. 

R esults. 
Particulars for each boar are presented in Table 56. 

TABLE 56. 

Frequency of Uncontrolled Services by the Boar if Allowed Free 
Access to the Sow. 

Large White boar P.64 

Interval 

I 
Order-

Time. I In of 
Hours. Service. 

Date. 

4·30p.m .... - I 1 
7·15p.m .... 2·75 2 

3.11 .41 .............................. . .. . 

7·59 p.m .... 0·73 3 
8·10p.m ... . 0·18 4 
1·45 a.m . . . . I 5·58 5 
4·5 1 a.m ... . I 3·10 6 

4·11·41 . . .. . . ... ... ..... . . ....... ..... . . . 

6· 32 a .m .... 1·68 7 
8 ·00 a.m .... 1·47 8 

12·10 p.m .. . . 4·17 9 
6·00 p.m . . .. 5·83 10 
9·20p.m . . .. 3·33 * 

5.11.41. ....... .... .. ...... .... .. ... ... . . 6·03 a.m .... 8·72 11 

*Unsuccessful attempts at service. 

Large White boar P .65 

Date. Time. Tnterval in Order of 

I 
Duration of 

Hours. Service. Coitus. 

I 

Min. Sec. 
15·11·41. .. . . .. .. . . 2 ·00 p.m ...... ! 1 2 20 

4·00 p.m ...... 2·00 2 3 32 
6·00p.m ... . .. 2·00 * - -

16·11·41. .. . .. .... . I 12·30 a .m ... . . . 6·50 3 

I 

4 0 
2·30a.m . . . ... 2·00 * -
2·50p.m ...... 12· 33 4 4 0 
3·15p.m .. . ... 0·42 * 
5·55 p.m .. .... 2·67 * 

17·11·41. ...... . ... I 12·05 a.m .... .. 6· 17 * 

18·11·41 .... . ...... I 
3·30p.m .. . . . . 15·42 5 

I 

0 30 
4·15a.m ...... 12·75 * -
5 · 15a.m ...... 1·00 6 3 50 

11 · 15 a.m .... . . 6·00 I * I - -
12·15 p.m .. . .. . 1 ·00 I 7 3 15 

*Unsuccessful attempts at service. 
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P.64 performed 11 matings over a period of 37-!- hours with one unsuccessful 
attempt towards the end. In the case of P.65, 7 successful matings occurred over 
a period of almost 3 days, interpolated with 7 unsuccessful attempts. Unfortuna
tely in this case the sow proved slightly too weak to carry the boar at each 
mounting, so that the information is incomplete. If, however, · the intervals 
between actual matings only be considered, the data show no tendency to an 
increase in the intervals of rest towards the end. In fact the sixth and seventh 
services are separated by the second shortest interval, the shortest being between 
the first and second. The data for P.64 also do not reveal any proof of a 
lengthening of the rest period between matings as the number of copulations 
increases, with the probable exception of the last interval, which occurred after 
a previous unsuccessful attempt. Furthermore, the periods of rest after unsuccess
ful services do not indicate a quicker return to the sow if compared to the intervals 
between successful matings and the succeeding attempts. There would appear 
to be no significant differences between the duration of coitus as the number 
of services increases. 

Discussion. 

Researches on the effects of the frequency of ejaculation on semen have 
been mainly confined to two aspects, namely, the volume per ejaculate and the 
morphology of the spermatozoa (Rodolfo, 1934; McKenzie et al., 1938). These 
workers have demonstrated that the volume of semen decreases and abnormality 
counts increase as the mating program is intensified. Their general conclusion 
is that mature boars should not be used more often than once every two days. 
Apart from the effects on these two qualities of semen, it would be both interesting 
and of practical value to know what influence a heavy mating regimen would 
have on actual fertility as reflected by litter size. No data relative to the pig and 
bearing directly on this aspect, could be traced from the literature. If, however, 
we are to infer from the conclusions of these authors that continued matings 
with a greater frequency than once every two days might adversely influence 
fertility in the boar, then the results of this observation are an indication of the 
consequences that will follow any system of uncontrolled mating, especially if a 
large number of sows are to be bred within a short breeding season. Considering 
the amount of energy spent by the boar during coitus, it is surprising to find that 
one male at least was capable of performing the act eleven times in just over one 
and a half days. 

ADDITIONAL STUDIES. 

(a) Differences in Potential Fertility Between Daughters of Different Boars. 

Object. 
The object was to determine whether any significant differences exist in 

potential fertility, as revealed by the number of corpora lutea, between groups of 
sisters sired by different boars. 

Material and Method. 
Females slaughtered for the studies in the optimum service period and for 

the morphological changes of the ovary were used for this observation. It is 
proposed to analyse the data with regard to the number of corpora lutea in the 
ovaries of groups of full and half sisters sired by different boars. For this purpose 
a limited number of daughters of five Large Black and six Large White boars were 
available, in each group of which. it will be observed, certain females appeared 
as full sisters. 
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Results. 
Particulars in respect of daughter groups appear in Appendix 7, Table II and 

variance analyses, together with the group means, are presented in Tables 57 (a) 
and (b). 

TABLE 57. 

(a) 

Variance Analyses: The Number of Corpora Lutea in the Ovaries of Groups of 
Sisters of Large Black and Large White Females. 

Component. 

Boars . ...... . . . . . ... . . . 
Error . .. . . ...... . . ... · . . 

TOTAL . .. . .. ..... . 

Boars . . ... ... ..... . ... . 
Error. .......... . .. · · · · · 

TOTAL. .. . . .. . ... . 

D.F. Sum. 
Squares. 

LARGE BLACKS. 

Mean 
Square. F. 1 Significance. 

I
I 4 I 286·767 II 71· 692 116·76 I 

59 36·217 0·614 -
ss 

----

1== 63 = = I= 322~~=== - = === - = J == - == 

LARGE WHITES. 

5 

I 
732·984 

I 
146·597 I 135·5 

77 83·281 I 1·082 
ss 

---
82 I 816 ·265 I 

---

(b) 

The Mean Number of Corpora Lutea in Different Daughter Groups. 

LARGE BLACKS. 
---

I I I 
U.88. u. 32. U. 2020. P. 15. U . 1786 

I 

No. of daughters .. . ... .. . 
I 

13 10 i 25 9 5 
Mean number of corpora 

lutea . .... . .... ... .... 11· 54 13 ·20 13·40 13 ·44 13·57 

LARGE WHITES. 

P. 64. I B. Founder. I B. 391. P. 61. 
I 

du Preez. 
I 

B. 155. 

N umber of 

I 
daughters. 20 16 23 7 11 6 
ean num-
ber of cor-

I pora lutea 15 ·95 16 · 38 17·39 
I 

17 ·71 18 ·64 18·83 

' ·- ·-
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The analyses show that, in both breeds, the mean differences between 
daughter groups are highly significant. The least significant differences as between 
pairs of boars were calculated, all possible combinations being considered. with 
the following results: In Large Blacks the number of corpora lutea of the daughters 
of only one boar, namely U ,88, differ significantly from those of the groups of 
daughters of all other boars, the differences between the latter groups being non
significant. In Large Whites the daughter groups of P. 64, B. Founder, and B. 391 
differ highly significantly between themselves and against the remaining three 
groups; the daughters of P. 61 being merely significantly different only from the 
daughters of B. 155, the differences between the remaining groups being non
significant. 

Discussion. 

Probably because of the relatively natural high fecundity obtaining in the sow, 
there would appear to have been no incentive up to now for workers to have 
studied the influence of the boar on the fecundity of his daughters, as no relevant 
data could be traced from the available literature. 

As effective litter size in sows is greatly confounded by the manifold factors 
governing atrophy of the embryo, it is clearly difficult to gauge the influence of 
the boar on the fertility of a limited number of his daughters. Comparative 
studies on the abilities of different boars to transmit high fertility to their progeny 
could of course only be determined effectively if relatively large numbers of 
daughters of each could be tested out on a litter size basis. However, litter size 
is closely correlated to the number of ova shed. The number of corpora lutea, 
carried by groups of daughters of various boars, could therefore reasonably be 
employed as a basis for a comparative study of their transmitting powers in respect 
of this character. 

The potential fertility, based on corpora lutea counts, of groups of daughters 
of certain boars have been compared statistically. As the numbers of individuals 
per group are limited, the conclusions arrived at should be regarded as tentative. 
The results show that, in Large Blacks, the daughter groups of four out of five 
boars failed to reveal any statistically significant differences and that the daughters 
of only one boar had a mean corpora lutea count which was significantly less 
than that of all other daughter groups. The condition for Large Whites is 
rather different as, between the daughter groups of six boars, the mean corpora 
lutea count of one only did not differ significantly from that of only two other 
groups. From the data it would appear that, in this latter breed, boars differ 
highly significantly in respect of their powers to influence the fertility of their 
daughters, The breed differences revealed should in all probability be ascribed 
to the greater measure of genetic homozygosity obtaining in the Large Black breed, 
owing to the considerable degree of line-breeding practised with this material as 
against almost continuous outbreeding in the Large Whites. 

(b) Some Observations on the Sexual Behaviour of the Boar. 

A few general remarks on the boar, accumulated during the progress of these 
observations, might be of interest and some value. 

During the warm summer months it was a matter of common occurrence to 
find entire and vasectomised boars ("teasers") extremely inactive during the hot 
hours of the day. This condition at times was so pronounced that they completely 
refused to pay any attention to the females while testing of oestrus was carried out. 
Considerable improvement was obtained by throwing a bucket of cold water over 
the boar shortly before his admittance to the sows. 
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The ability of a boar to locate a sow in oestrus or in pro-oestrus is surprising. 
An active and experienced male will, when confronted by a large number of 
females, pick out those in a receptive state without much waste of time and 
immediately transfer his attentions to them. A very common habit among boars 
is frequent urination when in the presence of the sows. The following are among 
the most common performances through which a boar usually goes before he will 
mount the sow in oestrus : continuous "chewing " or grinding of the teeth, foaming 
at the mouth accompanied by a movement of the jaws which is best described as 
a yawn. He will sniff at the genitals of the female, poke his nose between her 
hind legs and, with a sudden jerk, lift her hind quarters into the air. A particularly 
favourite habit is to nose the sow in her flanks and to persist in this action for 
a considerable period at times. He may now resort to friendly biting of the sow's 
ears or to placing his nose against that of the sow's, producing at the same time 
a continuous series of grunts. It is usual for the male. to mount only after having 
gone through all or some of these preliminaries and after having apparently 
satisfied himself that the sow is in a receptive state. It is, however, not unusual 
to find a boar attempting to mount a sow not in oestrus. On occasions a boar 
will be particularly active and will follow a sow wildly through the pen while he 
continues to mount her notwithstanding the most obvious protestations on the 
sow'~ part. It was customary to keep one such boar in solitary confinement and 
to confront him with sows in pro-oestrus or metoestrus, which the regular 
"teasers" refused to mount. No matter how active a boar might be, after a few 
days of regular and active "teasing" he grows tired, loses interest and has to be 
removed from the presence of the females and rested. To maintain the boar's 
interest in the sows, he has to be allowed an occasional service. No difficulty was 
ever experienced to accustom boars to work in the serving crate. 

Although no attempt was made to determine the age of sexual maturity in the 
boar, experience has shown that this period is subject to wide variations. One 
Large Black gilt conceived to her full brother when he was not yet fully six months 
old. Another, Large Black P.88, at the age of 10 to 11 months, refused to pay any 
attention to females intensely in oestrus. A third boar, Large White P.111, also 
10 to 11 months old, readily served sows and was used as a very vigorous 
"teaser" at tfiat age. Generally speaking, it would appear that sexual maturity 
in the boar is reached at a somewhat later stage than in the gilt. 

Summary and Conclusions. 

1. Semen is deposited directly into the uterus during coitus and spermatozoa 
reach the cranial extremety of the fallopian tubes within 15 minutes after mating. 

2. The mean duration of coitus is 5 minutes 11 seconds in Large Blacks and 
3 minutes 8 seconds in Large Whites, the mean difference being highly significant. 
Varying periods of inactivity of the boar and the duration of coitus are 
uncorrelated. 

3. Of two Large White boars, allowed free access to sows in oestrus, one 
mated 7 times during 34! hours and the other 11 times during 37-!- hours. 

4. Differences between boars in respect of their abilities to influence basic 
fertility in their daughters, could be demonstrated in certain instances only. 

5. The sexual behaviour of the boar is discussed. 
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APPENDIX 1. 

OBSERVATION I (a). 

The Morphological Changes of the Ovary During Dioestms. 

This appendix gives descriptive details of the ovaries of pigs slaughtered every three 
days during the dioestrous cycle. The different three-day intervals were reckoned from the 
beginning of oestrus. Six such intervals were recorded, the sixth interva l thus falling on the 
18th day of the dioestrous cycle. One Large Black and one Large White female were 
slaughtered at each three-day interval. Numerical pa rticulars, such as weights and 
dimensions of ovaries, numbers of corpora lutea and Graafian foll icles, appea r in Table I 
of this appendix. 

Group I. Three days After the Beginning of Oestms. 

Large Black No. 234. 
Onset of oestrus, 21.5.44, 9 a.m.; slaughtered 24.5.44, 7.30 a .m. 
Oestrus had already termina ted at the time of slaughter. The corpora lutea T have 

a pale purplish vinaceous colour (Ridgway, 1912). All corpora stand out prominently from 
the ovary. The points of rupture show very clearly as bright red papillae . Vascularisation 
is very faint. The shape is mostly spherical but some are conically inclined. On section 
each corpus contains a dark red blood clot. The corpora lutea II are firm, solid bodies, 
creamy yellow externa lly and on section. but three in the left and one in the right ovary 
are slightly bluish -coloured on section. Only 4 Graafian foll icles can be seen on the left 
ovary a nd 5 on the right ovary, a ll 1 mm. in diameter. These follicles a re colourless. 

Large White No. 157. 
Onset of oestrus, 19.2.43, 6 p.m.; slaughtered 22.2.43, 4 p.m. 
The colour of the corpora lutea 1 ra nges from pale purplish vinaceous to da rk red, 

the majority being of the latter type. The shape varies from distinctly conica l to sphe rical. 
Points of rupture show clearly. Th ree corpora were much la rger than the rest, measuring 
13 to 14 mm. On section each of these la tter has a dark red blood clot inclusion. The 
other corpora are lighter coloured on section and their centra l cavities contain a light red 
fluid . One follicle in the right ovary is cystic a nd had failed to rupture, dia meter 15 mm. 
Its colour is light red. On puncture a light red fluid esca pes which immedi ately sets to a 
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