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to external conditions, and to remedy this we have two

courses of action, firstly, we may insulate our animals
against their environment by housing and feeding of a hwgh
ordeyp or sedondly,lxe may measure the efrects of the environ-
ment upon the valuuble features of our industry and meet
these secientifidcally. At the present timé‘we are.not in =&
position to expend any great %mount‘of‘fingnce:§n'provision
of elaborate housing, and the seasonal nature of our fecd
supply, together with the scarcity of cereél meals and the
small proportion of our farm income derived from pigs makes
it impossible, except in isolated cases, for us to providé
our animals with a standard ration all the year round.

But, ve can and must discover how to fit our breed-
ing and feeding programme into the national production
programme, and by resesrch we should be able to provide the

animals with the requisite conditions at the critical periods,
for a full expression of their genetic capabilities.

For this reason, it is hbped that an examination of
the records of & herd maintained under conditions waich
approximate ihose‘genéral throughout‘tﬁiébcountry, will throw
some light upon the varioué features of the-breéding cyecle
which ane of impdrtance to the farmer. It is from such

studies, supported by objective experiménts, that the
: K
relative importance of genetic and environmental factors in
determining such features as, number of pigs born, and the
incidence of morta“:tv at birth, will evnntudlly be aetermlnec

Further, iarmlng conditions in thls country in relatlon

to pig production are peculiar to ew Zealand and probably
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SOURCE OF DATA. ’
The‘data used in this investigation were obtained
from the records kept of the Massey Agricultural pig herd,
The conditions under which the animals are maintained may
be regarded as fairly representative of those obtaining in
the better conducted commercial herds in this country, and
any conclusions that have been arrived at in the course of
the study are probably generally applicabie.

The herd, since its inception in 1927 has undérgone
many changes, both in breeds kept and in general feeding and
management, and therefore an outline of the salient gointé
in its short history may be regarded as important.

When first instituted the herd was composed oﬁg&irge
Whites, Large Blacks, Berkshires and Tamworths. By(i%%?
only Large Whites and Tamworths remaihed, and in the Spring
of 1935 the stud was devoted entirely to the lattes breed,
a condition which was maintained until 1939 when Large
Whites were once again introduced.

i change in general policy has also been'brou%pt about

! i

in the managemént in that while the herd has been, {ésghe
past, kept as a stud, since the Autumn of 1938 sales of
.‘breeding stock have been incidentai énd secondary in
‘importance to the experimental programme which was planned
about that time.

The housirg and layout of the piggery has also
undergone a radical change. Prior to 1932 tﬁﬁ,???katO type

of house and yard was used but this was then changed to the



present lManawatu type. Until this time a permenent -

pigman was enmployed, but from 1932 until 1987 the work was
done as part of thé ordinary farm routine.

Whey has4been ‘the most used dairy by-product excegt in
the 1989/40 season when skim milk was parchased and during
week-ends when this product was availabile from the College
dairy. lieal feeding has always been practised, but since
1981 ihe quantity fed has been somewhat reduced. :

The presentiéﬁf&als can be traced to three foundation
sows, one of which, Wallongbar Twilight was imported to this
country from Australia together with a boar Hawkesbury
Exeter. While three sows may be said to be the foundatiin
animals thelr plood lines have not been developed separately
and so nu ulstinet strains have been bred.

The number of sows in the herd at any one time
varies, somewhat, but the average is in the vicinity of
12-16. The records comprise service ana iarrowing dates,
the numbers born alive and dead and their sex. Unfortunatel
no record has been kept of weights of sows auring suckling
or gestation and new-born pigs &are not weighed. As ds
generally done in this country sows are run on pasture and
receive some supplementary feed while p}egnant and are
brought into the farrowing houses about a fortnight before
cdue, but this rule may be broken if ¢arrow1nvs are
freguent and accomodatlon is overthed at any ote time.

Because Qf the changes in manangement,in breeds kept

and in numbers constituting the herd the data were useful

only from 1935 on for most considerations, since only from
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this date has the Tamworth stud assumed proportions

sufficient for critical analysis,

TREATMENT OF DATA.

In arranging the data to be treated,a breeding chaft
was prepared which summarised information relating to
farrowing.daﬁes, sire and litter particulars such as sex and
sgill-births. A modified card index was employed, the cards
used being those prepared for use in dairy records. Wherever
possible, the analysis of variance described by énedebor
(11 - 15) Was used to allow for‘disproportionate subclass
numbers .

The small number of observations possible has made
the use of unegual class numbers unavoidable in’most cases,
‘since the elimination of data would have produced classes of
such small size that treatment would have yielded entirely
undependable reéults.

When appropriate correlation coefficientd have been
calculated between variables according to Snedecor (7 - 2).

Some doubt exists as to whather litler size can be
regarded as measurement data, therefore, where an analysis
of variance has been applied to this variable - the chi-square

test has also been employéd. Where but tﬁo attributes -
such as maleness and femaleness are cong?dered the chi-scuare

test only has been used.
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RACTORS. INFLUENCING THE LENGTH OF i GES TR TLON PURTOD.

1. Ratio of sexes.

W & . o . ' '
No evidence could be gaiuned fro. & study of the ratic

. of sexes withir 1itters of sowe of the Pollege herd Ehut this
factor influenced the length ox the gnstatlou per10q.~ The
ﬂuﬁber<o; lees in each litter w iS expressed as a percenta e
" ofl the total number of ﬂlgs born in the lltter, andﬂiltnln
the resulting r\nce,plas 1ntervals were arranged.
v Table TT. . ’ .
ine influence of the sex of the pige born upon the lenétn
\ ; .

of the gestatlon perlod.

% Males. No. of cases. lean length/gestation period.

0-10% - 112.0
e 1i2.7

5630 a1 1300

30-40 I 112.4

sB0. . 0 113.1

50-60 38 . e

30470 . 89 : L s

70-80 e 114.0

80-90 3 ' _di1zi6 -

From the Table it would seem ifaiterial whether males -
or females are in excess in regérd io the(efféct upon the length

of pregnancy experienced by the sow bearing the litter.




Discussion.,

Dassogno (1916) states that the e€xcess of one sex does
not alter the length of the period, but Krizemnecky (1937),
on the other hand, states that a high proportion of males
seems 1o have the eflect of lengthening the pregnancy period.
The abstract of Krizeneéky‘s work does not record tue pro-
-portion of males which resulﬂs in this iengthening ol the: « ;&
time the litter is carried, nor does it supply any iuformaticn

\

as to the magnitude of Uthe differences.

While 1t is fairily well established that the'gestation
periods of cattle are, on the average, lengthened by ode or
two days by the bearing of male calves, it is a matter of
gome conjecture whether or not the presence in utero of
numbers of male and female foéti at the same time would not
modify the conditioning efifect upon time bf pariturition
exercised by hormone secretions.  lHowever, the true nature
o phe physiological significance of delayed parturition in
animals normally giving girth;to single offspring, must needs
56 understood before the knowlege can be applied to the
necessarily delicaté balance in the sow where, in the v
majority of‘éases, males and iemales are born in the same

farrow.







Table IV,
mi P 1 ok K o 03 ¥ 2 P
The megn lengths of gestation periods grouped according to

litter size.

Litter size, Ko. cases. ilean length of gest/pericd
3% " o 11407
4, L C 114.14
5. : a0 : ' 114.0
6. e _ 112,78
7 o 22 113.68"
8. \ g - 112.42
9. ' 31 113.32
10. g4 113,54
11, ‘ 18 112.0
12, 13 » 113.3
13. 3 | 112.0
14, 5 112.8
15. 3 109.3

An analysis pi variance was carried out on these data.

Thé result was:

Source of V. dif. SeSe TS
Eotal 33 873 .
Between litter size groups : 12 115 9 .66
Within i I 1t 171 557 3.25
F = 9.65/3.25
= 2975
dif.= d2yl7]

F at the 1% pt= 2.20




Lhe result dis highly significant.

It would seem therefore, that large litters are carried
in utero for a shorter period than smaller ones, if the
limited number of cases available may be.regarded as
representative of a general condition. No explanation can
be offered as to why these results should differ so markealy

from those of other Workers..

3. Age of sow.

Dassogno (1916) states that length of gestation:period
varies with age, and his conclusions are supported by Johansson
(1928) . lickenzie (1930) and olnclalr and syratuck (1928)
hold the opposite view and state that the age of the sow
appears to have no eifect on the length>0f‘pregnancy.'

Table V. summarises the position in regard to the herd
examined.

Table V.

Length of gestation period in relation to age oi sow

expreéssed in consecutive litters.

~ Litter lo. , ‘ , ,
1. 2.0, 3caro4l 080 1B, . 8., 9,

Cases.. 54 35 26 16 15 9 8 & 4

Means. 113,0 112.6 113.2 113.2 113.1 112.9 113.9 114.0 112.0

The range of variation is presented in Figure 2.
Litters 1-6 exhibit a very similar range, while litters 7-8
tend to be a little more asymetrical toward the higher values.

The limited number of cases observed in the latter two,
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however, does not allow for any conciusions to be'drawn

It would seem from the data presented that there is litttle
or no tendency for advancing age o be accompanied;by any
constant increase in the length of gestation period in the

case of the nerd studied.

4, uffect of season of farrow.

Johansson (1928), ochmidt et alia (l§86) aind
Carmichael and Rice (1922C) have found that the season of
farrow exerts no significant influence upon the length of the
gestation period. Data from the College herd support tais
conciucion.

Table VI.
The influence of seasoh of farrow upon the length of

the gestation period.

Years. Seasons.

Dec/March Apr/Jduly Aug/Nov.
1934/5  113.0 114.0 114.7
1935/6  114.6 11350 114.7
,1936/7 ALIRZISEA 115.0 113.2
1937/8 114.2 111.8 : 113.3
1938/9  113.0 1121 112.0
1239/40 (112.8 112.5 113.0

These data were examined by an analysis of variance and
a non-significant result weas obtained.

The weight ot evidence seems to point quite definately
to the fact that this factor does not inflﬁence the lengti

of the gestation period.
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OTHER FACTORS Im;uumc,ne THs LENGTH OF IHl GESTATION PHAT wD.
Dassogno states that the condition of the sSow hus
an ef:ect upon the length of pregnancy, But licxenzie aoes
‘not agree that the plane of nutrltlon exerts any effect.
It is not stated by either worker as to what stage of
gestation their criteria refer, and furtker, the térﬁs~can
hardly be regardéd a8 synonymous. The time over which the
‘ plane of nutrltlon was held would, of course, determine the
condltlon of the sow, k
The correlation between the length of pregnancy and
_ the birth weight of the pigs born has been studied by
Dassogno (19163 Carmichael and Liice (1920) and Keizenecky
(19285) but no significant values were found. Since’litter
'weight at birth is nét recorded in the College piggery no
_data could be collected on this point. :
To summarise, therefore, while results obtained are
dependant upon very limited data, it would seem that:
d Cestdtlon Derlods in the College herd are comparaole with
tnobe recorded e+esmhere 1n roEara to length of auratlon.‘
2. Neither the sex ratio of Lheyoffspring, the age of tThe sow,
noe the season of farrow appears to be correlated with changes
in the length of pregnancy.
.8, The size of the litter farrowed does seem to bear a direct

relationship with the length of the gestation period.
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THE INFLUENCE OF TiE INTERVAL BETWEEN GESTATION PERIODS

UPON SUBSEQUENT LITTER SIZE.

Lince first litters must be excluded from a study of
this nature, the numbers available for treatment were smaldl,
only 120 cases fulfilling the necessary conditions., These
were arranged in class intervals of ope Wéek starting with
six weeks as a base.

llanagement in the College herd invélves the ﬁeaning or
litters at eight weeks of age and so any mating taking place
~within the period of eight weeks subsecuent to parturition
involves mating of suckling sows. A limited number oif sucn
cases were available but the data relate, for the most part,
to matings made subseguent to the weaning of litters.

Table VIL
llean litter size in relation to the interval between

successive gestation periods.
4

Class interval. No. litters. Pigs born. I[iean litter size.

e ~

G-7 weeks 4 b= 6.5
7-8 I 6 6l 10.16
8-9 i - 51 442 8.606
9-10 " 20 182 9410
10-11 " 15 180 10.56
11-12 ! 10 79 7420
12-13 v 7 60 8.5y
over: gl T 6l 8.71
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this pange oi vaiues aoeo not in vitself, mean verj

much, on account of the omalt numbers in any one claou,so
clxsg intervals were conbined in series according to nossib¢e
influences. In view of the falrly w1dely neld: o xnlon :
that the practiée of mating sows aurlng lactatlon is vrorg
in that it iuposes too great a Dtraln on tne Sow ana m1guL
effect not oniy the weaning velont oi tne lltter then
suckling, but also the size of tne litter: resultlng from
the mating, the class 1ntePValQ of 0—7 anq 7-8 weeks weref
combined in class one. _ l I , ’
Lgain, it is maintained bvioffibers‘of the New Zealand
Depahtmunn of Agriculture that, subseopent to weaning a litter,
the unused milk in the mammary glands is. resorbed into the
blood-stream causing a flushlng effect 31m11ar to that
desired inkéwes at tupyingAtime._ If such be the cases il
is a matter of some conjecture as to how long this !flushinz!
effect will hast. If & sow, having been’iakén from her litte:
fails to show any'Signs of ‘Mheat!! within any arbitrary period,
such as three weeks, does the toning effect of the milk
resorption persist long enough to'éxercise any measurable
influence on the shedding of ova subseguent Lo this intervalf
1f resorption of tie unused milk doeé have any

ALTE - i

nificance, it is possible that its efiect

physiological
vould be to hasten the migration of follicles to the surface

of the ovary and even increase the number of such ripe

Since no appreciable work seems to have been done on

(9

this subject, it was felt that the most SJbloLaCtOT ﬁ
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THE RELATION OF SIZE OF LITTER

TO THE AGE OF THE DAL

In the course of this sﬁudy daﬁa relating to
66 sows farrowing 199 litters were examined. At the
outset difficulty wasS experienced in interpreting the
data because of the lack of continuity existing in the
records of individual sows. Whereas 66 sows farrowed one
litter while in the herd, only 6 sows farrowed 8 litters.

It became obvious that selection of some sort accounted
Yor this reduction in numbers with increasing age and no
true interpretation of the effect of age could be made
unless this factor was allawed for.

The fact that selection was spread over g number
of years is also é complicating fadtor when deagling with
the aata from the point of view of age alone, since standards
for selection are necessarily dependent upon the material
available in any one year, and the ﬁhenotyph:expréssibn of
prolificaey at any time is conditioned so greatly by environ-
ment which varies considerably from year to year. However,
it should be posslble to find out whether the effect of any
selection has been toward larger litters, even with the data
for various years grouped together.

It is realised, that in any herd, selection can
seldom, if ever, be based upon litter size alone. Bqually

> <
important to the g;g producer are such factors as the number
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of pigs born alive, and weaned; the weaning weight of the
litter, the variability, thrift and conformaticn, for such
things are to the farmer, the only measures by which he can
Judge the prolificacy, milking ability, mothering ability
and constitution of his sows. However,- for this study,
it dis immaterial what the reason for the culling of any sow
might have been, except in so far as that culling has pro-
duced an effect upon the averaze of the remaining sows.

Thet selection may well have been based upon
number born, number weaned, or weaning weight may be seen
from Table X, .  where non-cull sows are invariably superior'

Lo the appropriate gioup of cull sows in their performance.
Table X.

Comparison of means of; Number born per. litter;
Number born alive per. litter; Number weaned per. litter;
and Weaning weights per. litter, of litters from cull sows
(1) and non cull sows (2)

1 Litter class.

No Born Born alive Weaned Weaning wt. Per. Litter.
1 2 1 2 i 2 1 2
1.6.8 7.5 509 6.9 a5 58 145 201
2 Litter class.
1 70 75 6.5 20 5.4 5.9 {76 211
2.9 79 500 Jeon s Alo. oo 142 242
3 Litter class.
o] .6 6.6 6.9 6.8 6.3 516 25;
2 8.b 7.4 7.9 Ol5 5‘7 0.0 2;7 b 24’
Do 0id 90D i i 8T o] 7.2 @ 202 2



Table X.. (Cont.)

4 Titter class.

No Born Born alive Weaned Weaning wt. per Litter
i : 1 2 1 2 i 2
1 6,0 8,06 5.8 7955 a6 6.3 18] 226
& 6,0 ]88 5.6 7.3 A8 656 | 205 276
3607 9.9 506 949 48 798 o504 298
4 .8,5 9.5 6.6 7.9 6.5 94 foy / 299
5 Litter class.
1 8.0 7.3 6 228
2 8.5 8.0 8.0 327
5 105 9.9 950 9.5 6o gigs 209
4 8.2 903 g5 8.2 6i5 5. 069 341
5 10.5  8U9 iglwE 6.7 8.0 0.0 248 246
6 Litter class.
1 8.0 8.0 255 108
2 5.5 4.5 2,5 108
3900 Mo 6.0 205 :
4:10,3" 9.2 8i6 8.9 605 -« T ¢ 50D 349
5 10,9 8.5 8,3 b4, 6.5 5.9 o850 245
6 6.8 99 46 ot 1.5 6.5 186 274
The nurbers culled from each litter class are as
follows:-

(1) 23, (2 i3, (3) 10, (4) 5 (5)a, (6) 3 (7)

In order to present the position in regard to
the effect of selection upon litter size — Table XI, ' wa§,gﬁx
prepared. In this table, the term "litter class" refers to
the age of the sows concerned, expressed in terms of the
nunber of litters farrowed. Thus sows that had farrowed

4 litters are placed in the 4 litter class.

Table XI.
Comparison between mean litter size of sows culled,

retained, and the mean of gll sows of that litter ¢lass, in
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Sows
Retained.

For sows culled.

1 Litter class.
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It may be seen from Table XI. that the culling

of sows has resulted in an increase in the over-all average
of the sows selected to remain in the herd.
There are two exceptions to this, however, the

3 litter class and the 5 litter class. As a result neither
the 4 litter class nor the 6 litter class may be regarded as
the result of imnediate_selection on litter size. It is a
question therefore, just what classes may be included in the
final consideration, and it was decided to include the 6, 7

and 8 litter classes only. This was done because on examin-

ing the last litters of sows culled in the last two classes
in the table it was found that litter size had fallen sharply,
in these cases, therefore, iﬁ may be reasoned that, sows at
this age tend to fall somewhat in production and are naturally
eliminato& to mainbain the herd avsrage. This masks a fall in
production beyond the sixth litter but if it is recognised
that this fall does take place, then the retention for study
of the last two classes in the table and the 8 litter class
as well, can be justified. Selection may therefore be
broadly classed for this consilderation upon two separate
effects. The sclection for litter size in the lower litter
classes bends tc sccelerate unnaturally any rise in production
with age, and selection in litter classes beyond bhe fifth
tends to sustein the level of production in spite of age.

The average litter size of the sows in the 6, 7 and

8 litter classes are prescnted in Table XIL



Table XII i

The influence of age upon litter sigze.

(Sows which have farrowed 6 - 8 litters.)
Litter No.
= - 1 2 3 4 ) 6 7 8
Mean Litbter 8.2 7.7 9.7 9.5 9.0 8,3 8.6 9.0
Size.
No. Cases. 11 111 i 11 8 6

These data were treated by an analysis of wvarisnce
and g non-significent result was obtained.

It would appear, therefore, that when due account
is taken of the effect of selection, age exercises no
significant effect upon litter size. However, this must be
qualified, since, by eliminating the effect of selection, the
litter classes remaining are only those which were originally
sufficiently high producers to maintain their position in the
herd. These soﬁs may have produced such large litters at an
early age that no great increase was possible to them with
succeeding litters. Further, the small number of sows remain-
ing to be treated when allowance is made for the effect of
selection means that the rise observed in Table XIup to the
third 1itter may be real, bub impossible to prove statist-
ically.

In relation to further treatment of data from the
herd in later sections of this thesis, when gll litters must
vbe considered, it was decided to carry out an analysis of

Variance om all data.

121
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Table XM

The influence of sge and selection upon litter

size.
Litter No.
. )/ 2 3 4 5 6 7/ 8
No. Litters. 00 43 30 20 19 11 8 o)

No. Pigs born. 508 343 280 183 141 92 69 55

L\Ava-asl -L’lthr 7.7 7.9 9.3 9' 1 904 8.4 806 9'2
ige

The result of the analysis of variance was again
non-gignificatt, the variation between age groups being less
then that within,

Results of Cther Workers.

Machens (1918) and Scott (1938) suggest that
maximum litter size is reached in the fourth litter, while
Sinelair and Syratuck {1928), zorn, Krallinger, and Schott
(1933),'and Ostermayer (1034) consider that the sixth 1litter
marks the maximum, These la ter worxers are in fairly close
agree nent with Keith (17 0) who gives 435 years as the most
prolific age, and Hetzer et alia (1940) who report an increase
in litter size up to 3% years — which maximum is held until ‘
54 years. On the other hand Krizenecky (1937) staves that
the second litier is the largest. Husby {1933) is content
10 express the opinion‘that gdult sows are more fertile than
gilts.

Apart from Keith, however, none of these workers
appear bto have taken any account of the effect of selection.

Sinclair and Syratuck for example treat 101 VearllﬂT sows and
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only 15 five-year-old sows.

; Ellinger (1922) and Eckstaeét (1928), however, have
mede allowance for this factor. Ellinger worked on data
relating to sows on which there were records for ten litters,
and Eckstaedt, sows that were retained in the herd over a
period of time. The result of this work is that Ellinger
asserts that litter sigze increased up to the 7th. or 8th.
litter and then decreased slightly, while Eckstaedt found
the effect of age on litter size was small.

The weight of opinion seems, therefore, to be bthat
the maximum 1itber size 1s reached by sows farrowing their
6th. or Jth. litter, while, in those cases when selection was
allowed rfoxr, one oéinion is in favour of g gradﬁal increase
up vo the Juh. or 8th. ddtler and one of a neclicible inerease
The results are summarised in Table XIV.

Table XIV.

Summary of results regerding the effect of age

on litter sigze.

Authority. Age or litter Whether selection
nurber when allowed for.

maximum reazched.

Ellincer J =i8the litier All sows produced
10 lituers.
Eckstaedt. Effect small Only sows ;n herd
for long time.
Keith 4% years Eliminated all sows
having only 1 litte:
Krigzenecky 2nd Litter Not mentioned.

Sinclair & : _ - . -
Syratuck 0 — Jth. litter '
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’ u],T i "J-*I‘.L.t\.u-'\b:l_l Gr ’
Under New ealang conditlorc of m"nafemcnb ?niés‘aréu
subwau tu cons 1derakle sec

asqnal ch ahres 4n env1ronment as

a coneeouence oi the hrev iling ooen air nusbanary and tne

sea sonal naturc of dairy bf ?roduct supplles vnlcn con5u1tutu

the main edlnh qtliis. In the College herd env1ronmental

iafluencss are robava lecs extreme tnan 1n tne averuage

céﬁmerdiai hé ool but neverthaless, there are mldﬂ dlfferences' :
‘between summer and vlntev condltlons. . Por this reason it

iag consi dcrcc sl poruant to stuav‘ lie poésible effecf of ;
season, through variations in food sup?ly and weather

conditions, on the breeding performance of sows.

Since, if there'is any eilect upon lltter size Of these

factors accordlnC to season of matlng and season of farrow,
this e¢~ect may be falrlv uaLely attrlbuted to the incidence

of the same factors in varylna decrees of 1nten51ty at

dlfferent staces of presnancv in the sows under consideratidﬁ
therefore it is felt tnat a moxre comalete picture of the‘ .
pQSsible_influénce,of_theseafactors;can be,presented by the
consideration i o togéther;"f - :

' The data of service and farrowing dates were divi@éd

into three classes of four monthly intervals. The division

was;such~that;the eﬁ”ects of ontlmum temnerature and feed
cord1t10n= could be comnared Zith the moct disadventageous 1

_conditionSyin;theseyregpects,;and,a_thirdwperiod, in which




,the factors might spproach either of the aoove cou01t10ns qu

sl et

Gependine dargely lpon the conditions gektulnlrw to. anv ”eaf.
The periocds were: 1, December to murch (1nclu°1Ve),
Apri = July (inelusive); 8, August,ib'wovembe“ (1nclus ve)

It is realifed tha., a more precise metnoa woula

have been to make the division of three mbnthlyiintervals in

which case uhe measure would have been mor € GcllCate. ~owchr,'

bhe rather limited number of sovs availablé made1this'1mp0551ole

Cnly sows having at least,tWO littersfﬁere treated

because it was reaqoned uhat by this neuhod the ériéﬁién‘due

to sow 1ndlv;ouu11ty Uould in SOWe me»sure be aliowed for 1n

tﬁat tnlc 1ﬂle1duallu} mﬂw ewertecfln at lea°t two dlLLerent

(S

seasons. by rega“a to the ‘1rst 11 ters of atl sows, 1t was.

;elt that, desnlte the reV1ous ned tlve indlngs in vespect

‘ave on litter size,'tne 1nclu31on of unequal numbers of

tsuch lltters 1n the three oerlods m*ght\exert an eliect. On

‘exam¢nat10n of tuese cases 1t was Louno tnat 1nf¢our years

out of six in the Aprll to July ﬂerlod the mean was. 1ncreased
In3both of

, as a result of the presence of ‘irst lltter SOWS .

‘*he o»her two. }e“loas in all 0aseq the,me n was”l W-*bd Dy the

Ol

“1Lters; Iin v1ew oi tne results ootalned ;

‘«inclusiqn,of rirst

tnls masks rather uﬂan accentuates vhe ceason l d1¢L rehces

and so no correctlon vas felt 10 be necescary.

The mean lwttor szze’*or <he tnree pcrloas of matlng

. according to year are recorded in ;aole}ﬁﬁ
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TABLE XV,

The influence of season of mating in years
1935 - 1940 upon the number of pigs born per litter.
Period. 1, .December to Narch (inclusive)

x> Aprll to July (inclusive)

3. August to November (inclusive)

Season.

e 5. 5,
Year. , -
11935 1.0 75 8.0
36 e to . ok
37 5 65 211
= 8.5 s 7.6
» 0 . 8.4
6 g2 | a4 9.28
lMeans for o 8.52

Though, on the whole, Period 1 matings tend to

produce larger litters than"métings in the other two periods,
éhere are consideracle annual fiuctuations for ziy one period

while from one year to another differences between periods
vary considerably. ‘

These differences may possibly be due to an expec-
- dally cold winger, late Spriﬁg or dry summer conditions in any
year ihfluencing one period to a greater or lesser degree than
another.

The data above were treated according to X2 technigue,



This method involves the use of equal class numbefs, and -
to satisfy this éondition.tﬂe Three or i in the Chvee
classesrwas reduced to that of the smallest, namely 30.
This reduction was adhieved by random seléctidn of litters
from classes 2 and 3.

' The computations are set out i£ TableXVI.

| TableXVI. '

Total pigs Porn in 59 ditiers i seasons l,l2,'and S,

1. . 5. 3.

555 296 330
No. of litters 39 20 . 39

{

. 6x2 = ox® _ (SX)P/n = (355)° + (296)2 & (380)€

Uten) o

3

il
)

20,541 - 220,737

1754/%

0
b
i)
oS
41
i

= 1954/°99 ' :

= 5.363

(Vx;

P at % point = 5.991

Since the value of chi-square for the three seasons
was found to fall just short of significance a computation
55 made between combinations of pairs of seasons as set out

Wa S

in TableXVil.
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Table XVII.

Computation of Xx¢ Detween the number of pigs born in the

three periocds, arranged in groups of two,

Periods
e AT ]
g Z.
295 296
2 i S
PXZ = G (8X) = /n
=l deeade . 211,900
= 1741 ‘
B S P
SXe/x = 4740 /ong
= 9.8 Prat the 5% point = 3.841
Periods
1. 3.
365 230
Bxe = o¥® _ (=xy2 )
= 234,925 - zc4,61e
= 203
- 2 - N /oA
L &8 L 3] L= “s
E)X /-}.S: fond / er i
= .91
Periods
S’o 2" {
33 - 296
e Sp, &
oXe & SR < (SX)/n
= 196,516 = 195,938
= 578
iz 1 S
Bxe = 503 /939

From the values of chi-square above it would appear
that December to larch matings are significantly superior
; 3 " R ey
to the April to July metings in regard to the number of pigs

T NANgS, i ust to November
born at the subsequent farrgy;ngs, but the Augu

- . g
matings are not significantly superior to the April to July

matings.
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~ovever, the mathematical reservatione of tae chi~.

~squa?§wtechniqge do not aliow for a compurison between

mati periods, ithin ves s & vithin matine - -
ating ) in vear and within matlng periods,
and s0 an analysis of variance was applied, Tt is reslised

that such an ana*vs1s is open to clwllenbe on nne oc01e tndb

the number of @1"8 in a iltter may be regaracu Aere ag
,enumeration data, rather than measurement data.

A nosalole alternatlve woulad be to endeavour. to

estabilsh a correL“*lon or revre531on cbefllcleny between SULL

measures as size of litter and total heanlng \elvxtc oL litter,
/

and by using weaﬂlng velghts as & measure of seasonal

ylnfluencea anplj the redr ,31on coeifmc&ent o) arrlve at t’u

'eilect of season of matlng‘on ;;tter 5139, with due allovwance
having been madé for mortality. 'To achieve such a technique,
‘however, ampile data mist be qvallaole and witH tne sm»li .
number of' anlmals t;eated 1t ie felt that tne accuraCJ oL

such a method would be no less open to‘challenge than the

simplie analysis of va“iwnco 1t may ”e mentioned that

Elliﬁger (lo““) coneiders lltter size as capable o+ being
treated as & continuous variable. Results of the analysis

are presented in Table XVIII.

Table XVIII

Bnalysis of varisnce on the effect of season of mat~nﬁ sows
upon the nmumber of pigs born at subseguent farrov}ng.
© PR ' e 5

.. -

Voo




. Source of Variation

.

be more a””TODTI te © than Lhe cn1~S\ua““ t“eatment.
since there_*s a2 reasonabla margin for doubt in the

no unaueﬁr@llancb

. time of farrow were arrange

ique may

However,
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similar to those relating to time of mating.

The méans for period classes and Yyears within

these classes are given in Table XIX.

TABLE XIX.

Mean litter size of sows grouped according to

time of farrow.

‘ Period,
i o i

Year. ‘

o5 9.6 . 13.0 7.5
36 8.0 8.3 8.3
37 8,6 9.0 7-9
38 8.1 8.6 8.2
39 7.6 8.9 8.7
40 8.5 8.4 8.2

Mean for :

%ggil - 8.4 8.8 8. 1

The total number born within classes was reduced

according to the number of litters in the smallest class and
tthe totals tréa’bed by the X2 method. There was no significant
difference among the classes treated all togkther, nor between
a.r;y combingtion of two.

An anelysis of variance was carried out also, and the

results are presented in Table XX
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TABLE XX. o

Anglysis of variance of effect of season of

farrow upon litter size.

Source of Variance df. SS. : ms.,

Total 17 - 24.5

Between seasons 2 Se 4 247

Between years 5 : ‘ T2 1.44

Discrepance 10 11.9 1. 19

Within years 113 148
Subclasses.

Between years ’ 17 ‘ 72 4,23

Within yesars 113 975 8.62

Total 130 1047

F. Between seasons within years 2.7/1.48
= 1.82 defs 25113

: Non significant.
Tt mey be safely assumed that the season of farrow
has little or no measurable effect upbn litter size.

‘ Table XXI combines the means for the total numbers
born within classes according to time of mating and time of
farrow.

TABLE XXI.
Bomparison of influence of time of year of mating
and of farrowing upon litter size.
Season of mating 9?1 7?71 - 8.3z

Season of Farrow 8.4 8.8 8.1
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As stated previously, the major environmental

factors influencing litter size under the above heads, are
common to both. The difference lies in the incidence of these
factors, in regard to stage of pregnancy,ﬁpon the animal.

If o conservative view is adopted and £he difference between
periods 1 and 2, accbrding to season of mating, is the only
difi‘erenoe accepted as significantly great, it is of
importance to find some explanation why this difference should
arise and why the differences between seasons 1 and By and 2
and 3 was not significant.

The sows mated in December to March were subject to
optimum conditions in regard to feed and temperature and sun-—
light at the time of and immediately subseguent to ﬁating;
This is a reasonable assumption in regard to the College herd
and glso bto the majbrity of herds in this country. Dry sows
are, ab this time of the year able to obtain a certain smount
of grass, depending upon the nature 6f the rainfall, etc. and
milk or whey supplies are usually sufficient to allow at.least
two reasonable feeds per day of these éasily digsstible foods

| Since sows farrowing in this period are also subject
to the same conditions, or probably better conditions, and yet
prodﬁoe litters that are not significantly larger than those
produced in subsequent periods, it is reasonable to assume
that the effect of a high plane of nutkition and high temp-

eratures immediately subsequent to mating is more effective in
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securing large litters than a similar plane and temperatures

jusﬁ prior to farrowing,

This hypothesis may then be applied to the two
remaining seasons, although the differences observed in the
litber size are not large enough to be significarmt,

1In the April to July period’the weather conditions
and food supply are botn considerably poorer than in the
4-December to March period. As a result, the sows mated in this
period are subject to a comparatively low plane of nubtrition
and pfe%ailing low temperature and possibly reddced sunlicht,
and prqduce fewer pigé than when mated at any other period of
the year. On the other hand ﬁhe tendency seems to be fpr SOWS
farrowing in this period to produce slightly larger litters
than at other periods. This result is what might be expected
as, in the majority of cases, sows farrowing in the season
April to July ;fe mated either in December to March or at the
latest early in April. They have included in their pregnancy
period a comparatively advantazeous plane of nutrition. This
then shows its effect on the number born in the_April to July
Season. At the same time, sows farrowing in the latter part

of this period have to subsist to a large extent on roots and

a limited smount of meals and dairy by-products, immediately
prior to farrowing, but still average litter size tends to be
’high. This further indicates that the incidence of a high
plane of nutrition is more important in relation to litter size,

F
|
4
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early in the pregnancy of the sow ‘than 1t is 1ater.

A someiwhat reduced effect is seen in season 3,
August to November., This period covers the time when dairy
by-products supplies are increasing rapidly, When‘grass is
growing and sunlight is increasingvin intensity and duration.

It is evident however, that éows mabed éarly in-£his

season may be penalised in regard to available supplies of

feed. 'Sows farrowing at this time ame naturally\fed their
requirements, as are sborevpigs and early wecaners., Later in
this period both food and weather conditions improve and then
become even more advantageous,than in December to March
period, Thus ihe fact that sowé mated in this period produce
litters that arc in size mid-way between tnose produced in
the other two season, may be attribubted to the sudden change
within this period from disadvantegeous to advantégeous
oonditions, while any particular group may,ﬂe a reflection of
either; |

Sows farrowing at this time tend to produce very small
Gl e vefore by the fact that
for the most part such sows wefe, at the time of mating,
5ubjeet to poor feed conditions and also to poor conditiongin
regard to warmbth and sunlight, and an& effect of rising feed
supplies in their season of farrow seems once again to have
been unapparent.

Discussion.

Overseas and New Zealand results tend to support the

above conclusions.

e
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McKenzie (1928) staﬂes that a definite correlation
exists between the gains in weight by sows the month follow-
ing mating and the number of pigs farrowed.

zéller, and Johnson,and Craft (1937) found that there
was a tendencgy for the number of pigs farrowed to increase
with increased réte of gain of sow durihg gestation,

This conclusion may be exoeedingiy relevant in that
it places the emphasis upon “rate of gain." It is possible
that a sow in low condition ﬁrior 0 matiné or being placed
on g high plane of nutrition, not only gains weight more
rgpidly bubt also are more healthy than sows fairly fat prior
to mgbting and maintgined on a ﬁigh nutritional plane. Such
a stabte of rising condition would, under such circumstancess
constitute s case analagous to that of ewe flushing at »
tupping. .

Certain qualifications are necessary in connection
with this work. It is stated that sows suckling large litters
and heavy litters lose weight very rapidly during suckling, ancd
that such sows put on weight rapidly, or make rapid gains
subsequent to0 weaning. They then say that the number of pigs
farrowed incrpaseswith the inerecased rate of gain of the sow
during gestation. If we are to assume that a sow weaning a
big litter loses weight rapidly and a sow low in weight puts
on weight rapidly during gestation, and they admit the
probsbility of this, and that a sow making rapid gains in the

course of the gestation period produces a large litter, then
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surely, we can merely say that a sow produeiﬁg.a large litter
at one farrowing produces a lafge litter at the next farrow
when fully fed. The results may also be interpreted by
saying that high milking capacity as measured by loss in
weight of the sow dﬁringlsuckling, and high weaning weight
of the litter, is associated with high prolificacy.: This is
further supported by the statement that parts of large
litters were put on to.sows with smgll litters gnd so loss in
weight was not necessarily proportional to the gbsolubte size
of litter suckled. There is no indication, however, as to
what method was adopted acrediting such fostered pigs or
their mothers or foster mothers in regard to loss in weight,
weilght of litter weaned or in relative mortality from birth
to weanipg. Further, no accdunt is given of the relabive
gain in weight of the sows during successive btime intervals
in the course of gestation. In this respect Ballinger (1940)
in a progress report on the influence of nutrition during
gestation, upon 1itter size,‘concludes that the plane of
nutrition immedistely: subsequent to mating is of greater
significance, but gives no agcount of weight losses of sows
®eaning large or small litters.

Ballinger's results are also in agreement with those
of Morris and dohnson (1932) who state that smell litters
resulted when sows were on a poor diet.

It wolld seem, therefore, in view of McKenzie's

results (1928) and Ballinger's (1940) and the indications

by
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derived from the study of the College herd, that nubtrition

following mating is of prime importance in relation to the
size of litter farrowed. .Hammondé conclusions may well be
mentioned in this respect, he states that "the production
of'g large numbér of eggs per ovary freguently outstrips

the nutrition availsble for them and leads 4o atrophy either
of follicles, newly fertilised Ova, Oor as partially developed
embryos." And since he further concludes that the feftility
of pigs and rabbits is limited byfthe number of eggs shed ab
each period and the number which dévelop to normal young, or,
the number of degenerating foetii, then it is of prime'

importance that conditions should be such that the sow is

enabled to shed a large number of ova at the time of oestrus

and support the development of these during gestation, and in

this respect it is surely essential that the plane of nutrition

should be high at mating and for some time subsequent to this.
Results obtained by other workers tend to support the
view that season of farrow has little effect upon the size of
litters produeed{
Zorn, Krallinger and Schott (2933), Krizenecky (1928)
and Ballinggr.(1940) accept this conclusion while fearl (1918)
and Machens (1918) state that season does have an effedt - but
hold opposing views in regard %o which season is responsible
for higher prolificacy. ,Peérl records larger litters in the

Spring with the exception of the Southern states of U.S.A.
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and Machens credits thd months, September and March, with

higher prolificacy in sows farrowing at this time.

As has been mentioned, the thrée major environ—
mental faotors‘likely to influence litter size as between
Seasons are, feed supply;témperature and sunlight., krhe
latter is not yet of proven iﬁpoftance. “In New Zealand feed
supplies are fdr the most part subject to extreme fluctuation
and control of temperature differences’by_requisité~housing
S e e e e
situation, it is g reasonable assumption that, if season of
farrow were to exercise any significant effect, upon litter
size this effect would be more readily‘obéérved'undéf'our
conditions than in the case of American, or European sband-
ards where food supply at least, is so much less 1nfluenced
by season. But results of the present work, and Balllnver s
results from which he ooncludes that a high plane or low
plane of nitrition just prio? to farrowing is less important
fhan similar blanes subsequeh£ to mabing, indicaté that Uhe
fact that a sow farrows in any particular season, and in
consequence is subject to the @everal food supply condltlons
'speeific within that period, is less important than whether
or not mating takes place within this season. These findings1
Telate bnly to the total number of pigs bgrn per litter and
. not to the number born alive. Feed conditions or temperature
may possibly exerﬁ an influence o prenatal mortality at any

»
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Compzrison petween size of litters sired by boers in reciprocasl crosses,

SOWS.
Uy 2 Dl 4, Ve 0. o e X t.

BOAR.

2824  ©/Y / b/4 10 11 T

010y Y / 7 9/10/12 9 9,0 1io e
LHI) Y i) Y 8 12 9.4
5830 11 J) 14 4 10 8.4 0.45
58300 9 / (¢ 4 10 9 8/8 14/6 8,1

9495 i 3 9 8 - iy / 276 {4 7k ) .oc
y455  5/8 5/8 o o : 0.3
11512 10/% / 3 5/0 S
1ol 15 9/5 / / 10 o 8.14
{12061 11 5 5/11 11 / B/

5850 111 8/5 o/ 8 14 B4
11206 10 11/141 i2 11/11 9 10.7 1.80
9499 = =it 5/8 8/5 T4

11206  10/10/9 11 5 9.0

28e4  9/13/] 3] 8 10/9/0 14° 9.3

3200 11/41/42 / 3/ 12/8 .10 9.3

2824  9/13/] 8 1u/10 12 9.6

SO 4 /447/14/10F = 5 8 10 11.14 1e22
92060 14/11 8/5 12/9 9.16

9ot 4 a/44/408 8 8 0 50) S

LY



v 48
«8 shown by TableXXIl, though the mean size of litters

sired by two differeng boars from the same sows may diffen,
in no cese is the difference significantly great. It may
be concluded from this comparison that the 5oar has exerted
little or no measurable influence upon ihe size of litters
farrowed by sows mated to him. While this is in accordance
with other work on the subject, it is suggested that
environmental factors, such as season, temperature, food
supily etec, may have exeried a profound effect,_but it is
unlikely that, even with these factors allowed foi, auy
significant difference would be oEsefved.\ cuch factors
were impossible to allow for because of thée smallness of the
numbers concerned,

That the boar does not influence the size of tne litte:
sorved by him is an opinion held by Bywaters, Culbertson and
Hammond (1934), Hetzer (1940), Smith (1931), Ostermayer (19 34)
and Krallinger and Schott (1933). lcPhee quotes a significant
correlation between the size of litter in which the boar is
farrowed and the size of litter\sired by him.  He states that
this is open to guestion.

It would appear at first sight, that since the part
played by the boar in the DI QdCElOH of any litter through
sows mated to him, is purely physiological in nature, liﬁtle
or noAcredit or blame is attachable to him in regard to the

size of the litters produced.

0]
ct

If a normal boar and sow are mated a time during |

oestrus when ovulation is most sctive,or just subseguent to t
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this, then it should rest with the sow as to how manhy
young are yroCuceé. However, it may be well td qualily ‘this
and say rather, that the absolute number of ava fertilised
depends upon the sow at this time, because firstly, the

male ejaculate bears spermatoza far in excess of the

number of ova shed by the sow, and therefore, this latter
factor must be the limiting one in regard to the number

of ova fertilised, and secondly, between actual fertilisation
and parturition, factors peculiar.to the zygote rather than
the oW, or the ova shed by her, may very well condition
the actual number of pigs born.

o

Excluding for the moment the guestion of sterility

mond (19&1) working with uteri of

hv\

absolute or partial,
breeding sows, concludes that the number of ova shed and

=

ised in the sow is not as important in relation to

.

ferti
size of litter produced as is the extent of prenatal mortality
of the developing foetiil. It is admitted that environmental
factors materially agffect the chances of survival of the

unborn young. Probably nutrition exercises a major it
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and Warwick (1928) working with

snd nutritional deficienctes as causes of death in

n
b}
3
)
)

n
D
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3, but he postulates

fagtors, and suprrts this by stating that degeneration of

place.

‘estion - in regard to

N AT i i b A N 7= 7133 am i
podnt by work done by Williams (1

inbred boars in outcrosses to unrelated stock.
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therefore, that the reduction in the size of litters observed

in the inbrec strain, when inbred sows were mated to inbred
boars, could not have been due to lack of ova ceveloped by
the sows or fertilised by the boars, but to reduced viability

and.conseguent degeneration of the zycotes and foetdi

bl 4

Fie

.
-This, of course, is an extreme case and probably ‘the
results observed are due to the concentration of factors
either inimical todevelopment or causing greater susceptib-

tageous external infiuences by.close in-

v

c
(r

breeding.
Hetzer (1S40) in an inbreeding experiment with the

Chester White breed states that mortality vsried between

=3

his was, of course,

a post-natal observation, but it is surely reasonable to

he accompanied by similar dif

Fron a purely pi

sigmificant difference can be observed among their
performances.

gain, if pre-natal mortality is high enough to make

=} T a A =< Sy < A o 3 ‘Q ISle

itgelf evident, then the genetic constitution ol the SOW
3 * Ty c 1r ~ua amount to the incidence
doubtless contributes in ecual amount tTo The inciaence,
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On the othev hand, if pre-natal death is the limiting ractor
in litter size it is essential that a tiorough study should
first be made of the effects of environment upon the extent
of this feature with a view to increasing litter size.

In this respect the Danes attribute some proportion of
the improvement in prolificacy among their herds to their
improved husbandry of recent years, ana there is little doubt
that a simiilar effect would result in this country if greater
care were taken of the brood sow.

It is possible that a further improvement might be made
by the mating of boars to unrelated sows and by slaughter or
operation, examining the contents of the uterus and the
number of corpora lutea present in the ovary and thus arriving
in a series of matings at the effect of the boar upon this
highly important factor. As 8 method of proving boars of a
highly prolific strain this may have possibilities though
the cost would be toc high for it to be practised on any
scale and in any case, with improved husbandry, careful mating
and nutrition our present stocks are probabliy capable of
producing litters of ten to twelve, and such litters if
treated well are held by many to be of an optimum size from
tke point of view of possible milk supprly by the sow, and
also in regard to the peruventage of mortality from birth to
weaning. Even when the effect of environment is allowed for,
it is difficult to decide whether the difierence observed in

the prolificacy of sows is a result of differences in the number

of ova shed, or in the indidence of intra-uterine deaths.
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i, as seems likely, both are basically genetic, although
nfluenced by enviromment, theéﬁbreeding and selecting for
inereased litter size both sets of feactors are concerned
and improvement may be due to either, alone, or both

together,

A discussion on the effect of the sire would not be
complete without mention of the relative fertility exhibited
in boars. Nordby(1928) quotes references to boars that,
while apparently normal and active either failed to settle
their full guota of sows or sired very small litters in -those
that did conceive. In view of the results of recent work
carried out on semen of dairy bulls and flock rams, it is
highly probable that such cases may be more common among
vigs than the literature on the subject indicates, and no
doubt there are boars, the semen from which contains a very
low concentration of viable sperms. There is scope for
research on this problem in deciding whether and to what
extent, genetic and/or environmental factors are more importan:

Funquist (1919) (Smith) reports a strain in vhich the
boars: although producing fertile sperms, were incapable of
the performance of mating. He attributes this to a recessive
sex-linked type of inheritance.

In respect of relative fertility rather than infertility
Webster, of Massey College, in unpublished data, attributes

the high lambing percentages of some of the ram used, to the

=

great motility and viability of tie sperm produced, and
suggests that these rams were more successful in that their

sp erm remained motile sufficiently long, in the uterus to



fertilise ova shed late in the heat period. 53

This work of Webster's may prove complementry to
4 . j & e S TO000 Wl { 3 3
work done by Haring (¢9co),and.mralllnger and Schott (1933)

conclude from their experiment that the time of matin

nas no
s 11O

Lile]

Fapal

eliect upon fertility, while Haring (1838) using black boars
and.white boars with black sows considers that ovulation
takes place usually 24-36 homrs after the onset of oestrus
and service in the first 12 hours resulted in few or no Spe rm
remaining alive long enough to fertilise ova shed then.
Mating on the third day was also unsuccessful. The effect
upon litter size of using a boar for service too feequently,
and not allowing for a rest period, may be mentioned..
Hammond (1940.) suggests that sires should be allowed three
days between matings if the best results are to be expected.

Good husbandry then, demands controlled matings about
48 hours after the onset of oestrus, but it is possible that
sows fluctuate greatly in the time of cvulation, and also,
in some animaly signs of oestrus are difficult to see and so
the exact stage at which any sow is at any definite time is
difficult to establish, hence a great desl will depend upon
the boar, as to how many ova will be fertilised.

From a study of the literature therefore, it wauld
appear that while the actual fertilisation bate will depend

upon the number of ova shed by the sow, when due attention

o

s paid to the time during oestrus tlat mating takes place,

e

+he numbert pigs born will depend upon (1) nutritional and
ceneral emvironmental conditions to which the sow is subjected

during gestation, with the aim of reducing pre-natal mortality



(2) the possibility of the 54
1e foetii being influenced by the genetic
constitution of the boar as well as the sow, which may become
evident in extreme cases such as when close inbreeding

is practised.

the former is without doubt the major factor, and until
improvement in sow nutritdon, housing, and treatment is
achideved the genetic nature of any influence the boar

~

may exert is of decidely minor importance in achieving a

consistently high standard in litter production.
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P L s o L R e el e S N IR e e e
THE INFLUENCE OF THE DAV AND SIiA UPON THE SIZE OF LITTERS

PRODUCED BY THEIR DAUGTTERS.

._L e
Introductory
For some years the mode of inheritance of prolificacy
has exercised the minds of research workers; the results

a

have been published of work carried out in Great Britain,
United States, Germany, Denmark, Sweden and Russia, but as

yet there is very little of a comstuctive nature to report.

W

Various methods of selection, that have been used by farmers
in thelr endeavours to breed for greater prolificacy, have

been proved to be unsound, and, so far,it is in this respect

~

of the problem that research has proved of greatest value.

In summarising the available literature on the

inheritance of prolificacy the datz are treated under the

folliowing heads: \

(1) Methods ot selection aend their efficacy.

(2) The results of imbreeding. ;

(5\ lMlethods of Selection and Their Efficacy.

In Kansas Experimental Station HReport (1916) it is
stated that eelection of dams and sires on the basis of ‘the
cize of litter in which they were farrowed, has no influence
upon the litter size of the progeny, and this view is

2 e - T o1l G 02&
supported by McPhee (1931), Johnson and biorrison (19 a; and

Henke (1925). It may be menticned that the practice stlll

persists of selecting breeding stock from large litters and

SN = e b
uehanan Smith (1820) in reporting upon gimpson!s work (1812)

where a Tamworth sow was crossed with a wild boar ilrom Germany

nexes&  lhd



o1 twelve, giving to understand thut this fact
critericn of her prolificacy.
- =+ ¢ YO\ ~ ~e e <+ s - o= < 75 -]
Keith 12930) suggests that the size of litter produced

Py & sow is a veluable criterion in selection for ferviiity,

while Hammond (1928) prefacing his remarks with the statement
that "prolificacy is inherited" states that litter Size can
be improved by selection ewen though the distinction

between high and low producers may be obscured by poor

2

husbandry conditions. Smith (1920) supports this view and

says that unless breeders constantly select for prolificacy
it is likely that the fertility of their herds will

decrease., At the same time he puints out that in the
improved breeds, hereditary factors are perhaps not as
important in regard to litter size as good husbandry and
the mothering ability of the sow.

Johansson (;;;;) eports tiat though selection for
proliificacy had been practised din a particular herd for

ulted.

U)

twenty five years, no increase in iitte  siz

Smith (1220) <elaims that this merely means that Johansson

had achieved a strain that more or less bremd true for
litter size.

Stutt (1240) in reporting upon the results of pig-
testiig in Pomerania claims that the Bde.schwein breed from

A

o 1936 had shown an increase in average litter size

b=
(10}
NI
%)
Gt

(&)

from 9°S to 10.1 pigs per ilitter and the improved Landsciwein

from- 1003 o 106, In Denmeark vmll r improvements have
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seems very likely that some of this improve-

~

been made but i

-ment may be due not merely to selection but also to

improved husbandry as a result of guickened interest and
follows

incentive 1n pig Keeping, which naturclly the institution

recording schemes. The Danes, too,
record & reduction in the food units reguired for the live
weilght gain of one pound, from 3.72 to 3.3° units and a
decrease in the time taken to reach kiiling weight, of &.5
percent. The fact, therefore, that prolificacy has been
increased may be, in some part, due to the increased
nutritive efficiency as well as better husbandry, directly
influencing the pre-natal mortality which is one of the
major limiting factors in the number.of pigs born in any
farrow. Hammond (1221).

Eékoff (1836) reports that in Germany durizg the period
1984 to 1826 the :ertility of pigs has wveen inecreased from

S per Sow per annum, DUT 1T 185 quite proubabder

thaL much of this increase has been due to stimulat

nd ecucation in huasbandrv methods as a result of ‘the

iy

While mention has here been made coustantly to
environmental conditiens in relation to recorded production
increases, no doubt selection for the inherited guality has
played a part in the improvements. However, these

.
advances have been small and since enviromnent 08S probaply
played a helpful role, it is obvious that that part o1 lae

advance attributable to selection must be caly & proportion -
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of the whole, small though that whole may be.

Wi Rere o e s e 3 ] +
What then is a sound method of selection: If the

size of litter in which the sow is born is not a valuableé. -

O

0asis for selection then it may be that the boar ic at faudt,
Al the present time and in the past, various methods of usigy
good boars as premium sires have been practised. In sSweden
since 1928, boars can only be registered in tﬁe state Herd
Book if they are out of sows that have been officially
tested and have passed a fixed standard. In Germany,- the
use of boars is controlled by a commission. Selection of
sows 1s based upon performance records in Germany, Denmark
and Sweden. In England the premium boar scheme is in
opgrution, but selection is based upon phenotype and
possible genotype. Such schemes appear to have resulted .
in an improvement in stock gualiity but there.is no apparent
record of anyv effect that these sires may have exerted upon
prolificacy.

Thus, while there is a general accentance of the fact
that litter size is inherited, selection on the female side
has not proved wholly effective when used as a general plan.
No reallv significant correlation can be cited as between
dams and daughters, and very little attention seems to. have

ction of sires on their performance.

S

3 ~aved to th ale
been payed to the sele

It is realised that selection can seldom have beet

=

~actised entirely upon prolificacy, such factors as carcase

orowth rates, etc. Have



results can hardlv be exbected. » 39

Within the last ten years statistical treatments
have been a plied to various data and some measure‘of the:
importance of genetic factors in litter production has- been
determined. Lush, Anderson, Culbertson and Hammond (;‘35)
estimate that 13 to 14 percent of the variance in litter
size is due to sow individuality. They also state that
where close atiention is payed to selection on the basis
of prolificacy as Jjudged by the size of litters, it would.
take te" lo twenty vears to increase the average by one pig
These results agree fairly well with those of Hetzer et alia
(1940) who estimate that 20 percent of the variance in litter
size is due to sow individuality, but because of the incidence
of such factors as health etc. they consider that somewhat
less than this 20 percent is due to heredity.,.
Tf such is the case, the lack of significant' correlation
bétveen the production of successive generations of animals
is readily explained, especially as the boar must also have
an influence on the prolificacy of the female progeny of the
dams to which he is mated. Beyond tune admission that the
sire is probably responsible for half the genetie influence
upon litter size,lSmith (1980), it does not seem to have
been possible to make any precise study of the absolute
influénce of thérsire in this respect.

An interesting method of progeny testiig boars is

R ; o v (109 e s
Jescribed by Kudrjavcev, Démova and Grudev (1887) in which

o

2 L B ATE Rl 3 auch ors
the assumption is made that the performance O the daughters

e

. from the dam and the sire. This 18
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merelyv 2d S a worlkine 1 3 t o
mere.y used as a working hypothesis and no attempt is made

A further consideration is involved in this connection,
and that is, what is the measure of performance which can be
accepted for judging whether or not an animal is prolific?
Kudrjavcev and his co-workers defend the method of accepting
the rst litter of a sow as sufficient indication of her
fertility, claiming as their justification that there is a

high correlation between the first litter and subsequent

life performance. That there is such a correlation is

supported by Keith (1930) and McPhee (1931). If this method

of assessment of breeding value is sound then the proving of
boars and sows becomes a much simpler bussness and selection

on individual performance could be adopted rather than the

performance of ancestors. This method may be satisfactory
scale o ‘
with large,farming but it is scarcely applicable to the

small private farm where the individual pig assumes a much

greater importance,

Dl

ing

0o

(2) The Results of Inbree
The results of inbreeding upon prolificacy present
very definite evidence in support of the genetic nature of
this feature. As a method of breeding Hays (1980), McPhee
(1930), Craft (1881), McPhee, Russel and Zellar (1931) and |
Hetzer et alia (1940) found that inbreeding resulted in a
reduction in litter size at birth. In opposition to this
view are the results of Hughs (19

3

1934), Ritzoffy (19333 Bywaters,

l,_.

(1923) , Hodgson and Clarke (

'S LAl =

Culbertson and Hammond (18384) and Hodgsen (1935) who all

983) Jacobiec and Marchlewski

v
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failed to find a decrease in litter size with inbreedinf, 6l
()

but in no case was litter ei:

o

increased materiaily though,
in all, selection was practised with this end in view.
Eckstaedt (1922) states that the eff ect of inbreeding upon

A S R s Jp o ¢
fertility is variable, in some cases improvement resultin

&

and in others litter lowered.

m7

The statements of Wentworth and Aubel (1918), Crew (1924)
and smith (1880) in regard to the mode of litter size
inheritance are interesting in the light of the results
obtained in the carrying out of inbreeding work.

The writers all agree that large litter size is inherited
as a recessive character. They do not hazard any guess as
to how many factors are involved, but Smith (1230) does
remark that the inheritance of litter size is not very

complicated. If large litters are dependent upon recessive

G

factors, then, in the course of inbreeding one would expect
at least a few outstanding individuals. This is not
unreasonable since other characters similarly dependent upon
recessives such as cleft palate or gtresia ani are usually
unearthed as a result of this method of breeding. However,
there is at least one possible explanation for this failure
of segregation of the factors concerned with large litters,
and this is found %= ke in Willham's work (1838). Willham,
as results of matings of inbred sows to unrelated boars and
inbred boars to unrelated sows, considered that tae small
litters produced by inbred matings were not due.to lack of
ova shed by the sow, or lack of fertility on the part of the

boar, but suggested a concentration of factors which increased
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the pre-natal mortality of the fertilised ova and foeti.

Hammond's work (1921) on the incidence of mortality in utera

LA =L A o hlaitond

a .

lends further point to this work, as does that of Warwick
(1028) and to a lesser extent a similar project by Crew (1928)
Hammend's results (1882) on foetal mortality in two inbred
strains of rabbits may be cited as additional evidence of the
importance of this factor in the number of young born in any
birth. ﬂll the above workers stress the importance of
pre-natal mortality in relation to the number of pigs born
in a litter and it may be that in the cases reported where
litter size is reduced by inbreeding, there is a concentration
of tiie recessive factors pestulated by Crew and Smith as
being responsible for large litter size, but the concentration
of recessive lethals is even more important and judging by
the actual number of pigs born to the stock, prolificacy
has been reduved or at the best kept normal.

the truth of the above suggested explanation could
be tested by the slaughter and examination of the uterine

For

contents of sows inbred, several generations, and if no
similar explenation applies, then it becomes rather difficult
to see the justification for the suggestion that larg
litter size is dependent upon recessive factors.

In the light of tuhe above work, it is evident that in
any study of prolificacy we are concerned with at least
three major sets of factors, namely those atrrecting the nuu-
ber of ova shed, the number surviving of those fertilised,

the latter feature probably depending upon both heredity:

and environuent.



63

It seems likely that the improvement in prolificsacy

obtained in sewveral European countries is largely the result
of improved husbandry where farming tends to be intensive
and labour more plentiful than in New Zealand. At the

same time appreciation of the part played by the sire in the
inheritance of litter size has not been given due consider-
ation, and selection on the female side on performance and
the male side by progeny testing should be fully exploited
together with a higher standard of feeding, housing and
handling of breeding sows, if consistent and appreciable

improvement is to be achieved.

Results from the College herd.

A study of the records of the College herd was made.
Unfortunately in such a small herd, it can hardly be claimed
that any strain or strains have been developed aud boars
"bought in' as well as others bred in the herd have been
used widely. The result is that whereas the female lines
may be arranged according to three foundation sows, the rather
promiscuous use of boars has destroyed tiaemr identity as
distinct families. Then, too, the use of 19 boars on 57
sows in 13 years has not allowed for any great number of
daughters from any one boar to be kept although,‘of course,
no daughtelrs were retained for breeding in the case of
some sires and several from others. Conseqguently any
analysis on statistical lines becomes impossible.

It is interesting to observe just to what extent

selection for litter size has had an effect unon iuncreasing
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Table XXII{

Compzrison ol size ol litters ol sows culled in respective years as a result of

death (19, sge*(2), low production (}3) with size of litters of sows retained in

the herd (4).

1935/4
12 34
NO, SOWS, -11 4
NO. Litters, -1 1 /
No., plgs born - | 3 be
Mean livuver — | J Be8
S1zZe, .
Age*

af'ter producing 8 litters,

1934/5

1

Z

104

104

1955/6

1
1
1
11
11

=

) 4
5. B
P il)
23 1i3
66 8+

Here a sow 1s regarded as aged

19.0/]

1 S 2
T
2 -1J 19
15 =113 158

1

19.1/8
12D 4
o 10
Vo 5) 19
S ol ZhiE ilor

/ob _50/ BeJ ) ) /ob 0’05

1 Z2 J 4
1 S 10
1 4 5 14

§eU /*0 B0 BeU

19,9/40

1 Zeiea

1 =I5 ¢
B )

1220 = 9« / 80



the prolificacy in the course o. the herds geveropic..i.
This is shown in TableXXIII.

TableXX[llis not expected to represent a comprehensive
picture of a basis of selection. It is realised that in
any practical»selection he supplementary factors of number
boern alive, weaned, anc veaning welghts in any litter are
equally important with litter size in deciding whether or
not a sow vill be retained in the herd. For this considerat-
~ion, however, it is not important to know why the séws in
the respective years were culled. TtU is sufficient for ‘the
present purposes that the broad relation of litter size to
culling practice should be shown. If in any year, the mean
litter size of sows culled does exceed that of sows retained,
as actually happens in the years 1936/7, 1938/S and 1239/40
then it may be assumed that in these years selection on the
basis of other important features such as mentioned above,

did not ccincide with selection for number of pigs born per

litter in the case of the sows concerned.

i}

It may be argued that the use of size of litte
farrowed by sows, only within the years considered is not a
true measure of their productive capacity. This may well
be true, but on the other hand, if any given sow snould
farrow three good litters and then farrow two very poor

tters it is natural that selection will be influenced by the
more recent performances rather than life-time record.

A

1 four out of the seven seasons

-t

As shown in TableXXill 5 1

considered the retained sows show a higher mean litter size
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than that of the culled sows. In twe of the three
remaining cases the position is reversed but the difference
is not great. Further in the 1988/7 season there were
thirty four litters farrowed while in the 1937/8 season
only twenty four were farrowed. Culling was, therefore,
fairly severe and as is quite natural a large proportion of
the retained sows were first litter sows. In fact eight of
the possible eleven fell within this class and these eight
young sows averaged only 7.1 pigs per litter. This may
well account for the slight discrepancy in litter size
between the two classes in the season 1236/7. The
difference in the case of the 1928/9 season is again small
and the seme contributing factor is in evidence in that
eight of the fourteen litters farrowed in this season by
the sows retained untili the following season were first
litterse.

It is safe to conclude therefore, that selection on
litter size has been used in the College herd to the extent
possible in most commercial herds, where due consideraticn
must also be given to other important economic factors of
preduction.

In selecting animals on their actual production, in
this instance upon the number of pigs born per litter, it is
realised that the selection is phenttypic. As in the

leiry stock selection based upon butterfat and milk

o

case of

V]

sroduction records, envircnmental factors play an important

part in determining the level of production achieved.

The nature of these factors and their importance have slready



66

78y}
[

INel

utl

been o

Dorin

D

cor

o

icantly

£i

i
ni

=3

23]
ol

tion

piecauc

&

=
<

icacy become

-
La

prol

e

eat

&F

oy

n

tion

posi

ne

1

42

g
ES

rercent o

18

LAl

T unless

acula

spect

progress will not be

acpa
SS5ES .

; incre

ity

9%]
O.

selection in

hough

+
S

tter

1k

per

'S born

ons cut-

5

he

t

ing

ccept

v
A

Even

1e40/1.

t0

s result

re
2 e

abvove, th

ined

-
<

her the

iy

0

1on

product

SN -
Turc

e position

[

Ao

neradc

4 NnoT

al

al

an absolute condition.

been

<

B
@
i

o

Qe

volve

in



D L

- s — e Tf} E,‘{A w"f T ; = R - v ‘ b TR
T e Hot daupnters br |1 L 'balighters off 39131 | i i | B
[ f / ! 'boars listed. Fed) L ; ?
o Yearly herd everage %——- Daughters of 9455
g--—-Daughters of 2824 s+ Daughters of 5830
Herd average over period 1932/1941
1"s Numbers refer to the number of litters Iarrowed, :
/m\w
2
1o /
-5 /,/
10°0
Q-5
90
85
o
N 8o
wn
Hos
2
2
5 70
& 15
?\30(.-5 Gr== i /T—
e s
> 60 4
<
55 X
A : 2
7 16 19 34 24 24 25 32
5-0
1933/4 1934/5 1935/6 1936/ ,q3778 1933/9 ,q,q/',,o
Years,

l'?4ok4: : £ j

|



i, c e O T
e.. .. /Sows not daushters of I o Dalghters of 3913 ! :
! boars listed.

s Yearly herd average

x%——— Daughters of 9455

g--—-Daughters of 2824

+ Daughters ot 5830

Herd averege over period 1932/1941
s Numbers refer to the number of litters Iarrowed,

Vikkon
10

/
-5

95 ‘ ‘
90 i
8-5
()
[\
i 80
w
~
() 1O ,')E{(} RO
+ P 4
:j 70 M / g 1 !
= Gt '6 b —— ”s:
z e <
© ,’ 7, —
bl ¢-s Gr~—~_ 4 ~
« e T - /'
£ 2 ot “
()
> 60 4 7~ f
o 3
4
55 N £
c ‘ ; e [
S 16 19 34 24 24 25 2 o
50 i
. - 3 . . - - . b
1933/4 1934 /5 1935/6 1936 /7 1937/8 1938/9 1939 /40 e i
Years,




P R TSR s, 15, ) - . P
rarrowed six litters while in the hera, tne fourth, Ffifth
and sixth litters of sow A vere not considered. while
this allows for chronoleogical com S t 5!
this al S 1or chronolegical comparison, it does not allow

daughters and dams.

aliow for 'such

absolute condition.

The guestion oi numbers tooc, is one of importance

\)

for it is omly by treatment of an spprecisble number of

cases that the many particular and random environmental

- a

daughters of any one sire are available, This ‘position

1
)
)
)
o

Was overcome to some extent in the case of sire 2824 in

that 'some of his daughters have figured cons sistantly in the

herd books, and seven oi the fifteen daughters comparead-

- with their respective dams in Figure V were never producers
in the College herd. This naturally introduces & further
environmental variable, but on exsmination it was found that
only in the case of one sow was the production appreciably
greater than that of her sisters in the College herd and in
no case was it appreciably lower. From the point of view

of accuracy there may be some doubt sbout tihe reliance that

may be placed upon the size of litters rccoréed 1-the herd

vV
S

=

books. Certainly the impression gained when examining the

production returns as set down in such beooks is that many

m

——rd
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IT the sbove objections are sustainedny then the

advantage of additional numbers may be largely offset.

S1c and 9455 have sired daughters

finitely lower than that
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‘as a result he did not "nick" with thkese mates, is rather
unlikely to hold over four .different sows.

It is of interest from the point of view of show

ring standards that boar Z8Z4 was an exceptionally good
pig, and also, litters sired by him attained a high
average weaning weight. Boar £830, on the other hand,

I

judged by the same standard of show points was guite

inferior, and this may well serve as an indication of the

ipremiums" sires, if such a scheme is instituted in this

cOuntry. It is possible, of course, that the progeny of

of the College herd it may be said that:-
(a) selection of breed

regard to iitter size has been practised, if not intens-

)
)
0]

ively then at least an appreciable extent.
(b) Average herd production has not materially increased

AG oo -

over the period 1988 to 1941 as a result of this selection.

(e) Tt dis not known upon what basis

v

si
bred for use in the herd were sélected, but at least itiis
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known that the basis was no

have had a lowering effect upon the herd average and upon

the production of their daughters in relation to their dams.



litter size is curtailed to a greater or lesser degree,

it is importint that sires should be tested before being
used widely, as a mezns of more surely increasing the
effect of that part of female selection which is concerned
with prolifieacy, in that, of the sows kept fewer are

likely to fall below the standard set by their dams or

these conclusions are,
of course, subject to greatest attention being paig to

environment which is so important in determining litter

size by allowing or inhibiting expression of inherited

productive ability.
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THE INFLUENCE OF AGE OF THE SOW 4a

SR e T S
orPON LTHE \ b

This sbudy was made with 195 litters containing in
all 1629 piglets. The management of sows about to farrow and
farrowing in the College herd involves the presence of an
attendent at all times during the process. However, it is
practically impossible to fulfil this condition and often sows
Tarrow pigs, or even whole litters in the absence of the pig—‘
Iman, and for bthis reason pigs found dead in the pen under Such
circumstances may be recorded as being born dead wheh, in fact,

after birth may well have saved them.

e
i

abttention immediatel
With older sows which often become careless and clumsy,
especlally during farrowing, this may be a contributing factor

to the high mortality recorded as prenstals

g
The data relating-to the College herd are vresented
in Table XXIV }

TABLEXXIV.
Data showing the number of pigs born dead per litter and the
percentage of dead pigs of all pigs born,in successive:litters

I tic 8,

Litter Number.
: 405 or gl e
.,..3 5. 8 ENE

S
>
0
\%
o)
no
O
b

]

No of litters 6
pig 68 182 141 92 69 551634

No dead 42 41 85 19 St | o8k 10 BEET6 Eaiss

(65]
o
®

[}

O

(93]

No of pigs born 48

Mo dead per 1ibter = .65 95 4.2 495 B]

% dead 80 12:2 310105 28,



75

It was felt that, as all litters were included in
the above table and since many sows are represented but once,
the tfcné mey have been exszerated, and for this reason Table
XXV.was prepared. This table relates only to the litters of
sows which have farrowed at least five litters while in the

nerda.

Table XXV.

7o)

Data showing the number pf pigs born, the total number born
dead, the number born dead per litter and the percentage of
dead pigs,based on the total number of pigs born, in sows
farrowing at least five litters.

Litter Number.,

1 2 3 4 5 S
No of litters, 154115 15 15 151 8 6
Pobal Mo pigs born, 182 119 51 138 » (41 90 .69 55
No of pigs born 11 13 11 12 S RO AR
dead. ’ : 4
Average No born SR EBEL B ENBOE D0 S PTORRERA RSO

dead per litter. :
% born dead. 9.0 OGN G2 8o P2 BEORT O 5RO HE

There is a slight difference in the values from Table

in the case of the second, third, and fourth litters, butb

the essential feature of the rise from the foubth to the fifth
litters is preserved. It is evident therefore, that with

incregsing age the number and percentage of stillborn pigs anc
"dead gt birth" pigs shows a marked increase, an increase

which, from this data, is very pronounced between the fourth

and the succeeding litters.
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Discussion.

These results are in keeping with the results of
other workers. Sinclair and Syratuck (1928) report that the
age of the sow secms to be a factor in the production of
S, advanging age being associated with an increast
in the percentage of pigs born dead. This opinion is shared
by Menzies Kitchin (1937), Krizenecky (1937), and Carmichael
and Rice (1920). In no case arc any suggestions advanced to
explain this increase in still-born pigs and no resdy
explanavion presents itself.

The Influence of the Size of Litter Farrowed Upon the

Mortality Rate.

sows Tfarrowing less than

Lo eliminate these from

! vudy, leaving 179 litters containing 1533 vigs born of

which 205 were born dead. TableXXVIrecords the results obtain-

ST o ST W Ay Y - iy e
a Irom uthe arrangementu Ol vhe aauvd.

Gl

Q Sy~ Ftha SwRl o = St ) - 33+ Ay
SN0OWINZG LHEe 1INTIUence o1 nNuUMDer pPorn per iiuvLer upon
LSt x = s S = e R T Tiss A + o
viig pereenvege 01 Sviil-DIrLAS,
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No. born per No. Littess. No, pigs. No. pigs % dead.

litter. dead.
* 7 28 I SR 5T
P 10 50 4 8.0
o 19 114 16 14.0
| 22 175 25 180
8 24 192 24 125
9 31 279 29 10.4
10 23 230 32 13.8
11 21 231 35" Ak Sysiy
12 13 156 28 8.0
13 6 78 13 16.6

To test the significance of the observed inerease
in percentage of still-births with inereasing litter size,

regression and correlatbtion coefficients were calculated as

: below.
X N
4 3.6
2 8.0
o 14.0
7 o
8 1255
9 10.4
10 13.8
sl 15
12 18.0
i) 10.0
85 125%1
53X = 85 i = 125.1
% = — g5 ¥ =l asloNs
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(sx)2 /n 722.5 (sY)2 /n = 1562.5

8205 sy 2 = 1b4. 5

]

S5X*=

SXY = 1159.0

(Sx) (sY) /n = 1062.5 .
Sy = SO
Sxy/sx2 = 97.1/82.5
=g regression coefficient.
r = Sxy// (5x2) (sy2)
= 97.1// (82.5) (164.5)
= 97.1// 13,751. 25
= 97/ 1164
= ,8342
d.f. = 8
Highly significant at the i% point.
Discussion.

~imy

The increase in percentage of stillborn pigs with
increasing litter size 1s especially interdsting when con-
sidered in association with the results of studies on the
influerce of litter size on hirth weight. Schmidt, Lauprecht
and Bogel (1926), Tohaﬁssons (1931), Murray (1934) and Axelson

(1928) agree that there is a direct inverse relatlonshln

between litter size and individual birth weight. | This would

S+

indicate that all the members of the litter are affectdd by

the reduced individual food su.ply, if we regard nutrition

s the limiting factor to birth weight.

(=1

{9}
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McPhee and Zeller (1934) report that the avefage
weight of pigs born dead was greater than that of pigs born
alive, but Carmichael and Rice (1920) favour the opposite
conclusion, ahd Haines (1931) working with guinea pigs found
that the birth weight of stillborn animals was below that of
animagls born glive. However, while Carmichael and Rice
included iﬁ%ture pigs in their average, McFhee and Zeller do
not specificelly mention that they followed the same system,
the difference vetween their results, therefore, may not be
reals

If, as stated above, the individugls of large litters
are penalised in utero by each receiving a smaller share of
the available foetal food supply than would be the case if the
numbers competing were fewer, then it 3s reasonable to assume
that, as growth proceeds, those foeti which, by virtue of
their position in the uterus or in relati-n to their litiér
mates, or, an the other hand, because of their genetic con-
stitution, to mention two possibilities, are unfavourably
placed in regard to the increased competition for the available
food supply, will succumb.

The possibility that the stillborn pigs may be larger
than those born alive may actwally be cause and effect, because
with the limited food supply the greater size of these pigs
may, in fact, prove a disability in thab their reguirements
are lsrger in proporuion. Alternstely, they may succumb on

sccount of difficult parturition. Unfortunately there 1s no
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way of deciding this point and so any discussion must be

congjectural.

w

The re-ults of other workers support the conclusion
thet with increasing litter size the percentege of stillbirths
nereases. Carmichsel and Rice ( J20) report that litters
below bthe average in size contain ]e7 per cent of dezd pigs
and those above, 10.5 per cent. The results for litters of
the College herd for comparison are, 12.1 and 14. 1 per gent
respectively. McPhee and Zeller (1934) zive 11.7 pesr cent as
the velue for still-births in litters of 1,2, and 12 and over,
while other litters averazed 3.9 per cent. These last results
are in close agreement with those of Podhradsky (193 37) who
gives 25 per cent for libbers of {1i; 10l perecent Ffori livters of
2 and the lowest value of 4 per cent for litters of 6. The
results obtained by McPhee and Zeller and Podhradsky cannot be

1 complete agreement with those obtained in the

omp

-t

claimed to be i
College herd. Their inelusion of litters containing but one

and two pigs would seem to be open to eriticism in thaty such

L

litters are exceptional and the conditions assoeciagbted with
them msy reasonsbly be considered as differing from those

pertaining to litters of larger size. Haines (1931) suggests

el

that the higher percentages of siill-births observed in these

o

litters is due bto the difficult parturition resulting from
vhe large size of such pigs.
Thus, while there is sgreement that with increasing

litter size the percentage of still-bibths rises, with the
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qualificahions observed by McPhee and Zeller, and Podheradsky,
in respect to litlers of one and two, the close association
between the wvwo features as shown in this study seems to be
rather exceptional. However, it is safe to conelude that in
general, incrcasing litter size is associated with a rising
percenta

e of still-births per litter.

-~



82
THE INFLUENCE OF SEASON OF FARROW

ASO
UPON PERCENTAGE OF STILLBORN PIGS.

The data for this study were arranged in elasses
according to three seasons: December to March inclusive (1),
April to July (2), and August to November (3). Litters
farrowed in the years 1934/5 to 1939/40 were treated.
Previously, by an analysis of variance, it was established
that no significant difference in size existed amonz litters
farrowed in the three seasons, and so, the influence of litter
size'upon percentage of still-births can be safely ignored in
this study. The data were treated by the chi-sguare technigue

as below:=

Seusons  No. pigs No. pigs 7 Products.
born. Dead.
X jo) X

i 437 89 20.3 1896, 7

2e 343 _ =y 2505) 2251. 1

Do 24 40 i 492.0
1104 215 4529.8

SX = 216

2 — 00 (S - peX 100(45 9.8 — 4226)
s (1ﬁﬁff%ETL 9.5 (100 - 19.5)

19.3 ¥XX highly significant.

1l

deife. = 2
It may be concluded, therefore, that.the August to
November period is most advantageous in regard bo the percent-

age of 'stillborn pigs, while April to July is worstv.

" Discussion.
There appears to have been little stbempt to study




Page 83
was not
captured
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the envirommentasl factors eff ectbing mortality at birth in
pigs. Mcleekan (193/) reports the following percenta ages

aecording to the season of farrow.

McMeekan, % Still-born, Present work.
June - August 9.0 April - July 25¢53
September - November 5.0 August -Novenber 12.3
December - February 6.7 December - March 20.3
March - May 12¢5

Since the periods do not completely coincide a true
comparison is difficult, but although the velues for the
College herd are higher than those reforded by McKeekan, the
trend appears to be very similar.

Morris and Johnson (1932) presenting results from
experiments with rats prove quite conclusively that poar
nutriticn will cause a drastic reduction in 1itter size, bub
no mention is made of still-births in this connectlon.,
Haines (1931) working with guinea pigs states that the 26th
day of gestation period was the significant time upon which
the percentage of young born alive depended. The length of
the ~estation period in the guines pig being 68 days, the
26th day approximates to the 43rd day of the gesta tion period
out, the influence

of the pig. Naturally, as Haines points

s o ; et : X i
of any adverse condition 1s effective over a period of time

and not.simply restricted to this particular day.

micht well be applied to the

It was felt

that these results of Haines

3

oY ity d ios, bubt various practical
daba availsble for mortality in plgs, bub various &
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difficulties make this impossible. The longer gestation
period of the pig which means a longer period over which
adverse or favourable 1n_*uences may operate, lack of detail-
ed records of health and food consumption of the sow over
the major part of pregnancy, and the fact that no real
control could be exercised over the temperature variations
constitute the more important of these difficulties. Also,
wide seasonal evidence is hardly sufficient, as conditions
in the late summer may be exceedingly dry and grass supply,
which forms an essential part of the gestating sows's ration
ab’ this time, may become fibrous and dry and provide very
little useful nutriment, while in some years good grass is
plentiful. This type of discrepancy from year to year is-
found in any or all of the seasons. Then aggain it is highly
probable that conditions at actual farrowing account for some
of the difference in mortality betweén seasons. In the summer
flies and heat will cause sows to be restless and prolong
farrowing undily. In winter months very cold conditions may
induce a similar effect, and azain, the human element may
entep in,for on cold frosty nights the farrowi ng pen offers
little comfort to any attendant. On the other hand - spring
and early sumer are comparatively cool and general conditions
are optimum for sows farrowing at this time,

These factors together with the drawback of insuff-
i nt numbers in any month or year to smodth out random

discrepancies, mskes any such detel studyp with the data
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available, impossible. However, this work is illuminating,
and the fact that Haines sugzests that the critical stage in
the conditioning of percentace born alive is seven days be-

g :
for%:%onditioning birth weight, seems contrary to the logical
sequence.

Whether or not, the results of Haine's work can be
applied in its entirety to Pigs can only be decided by actual
experiment, but it may be mentioned that the guinea-pigs
showed a similar relationship in mortality at birth, to age
of dam and size of litter, as has been shown in the pigs. On
the other hand, since Haines used g heated colony house, the

dignificant stage in gestation msy hold, while the extent of

(=]
the possible variation may well have been masked by samenhat
standardized conditions, and for this reason as well as the

fact that the criticel period in days may not be maintained

in strict proportion to the ratio of 68 - 113 days in length

estation period, the two species may quite easily differ.

of g

When trying to apply the ideas derived from this
uineg—rig work to the broad class intervals used in the
presentation of the Collegs data, it is obvious that the truth
or otherwise of the results can hardly be tested.

The sows farrowing in the period April - July exhibit
the highest percentage of dead born pigs. These sows may have
been_pregnant during December, January, February and liarch;
or, April, May, June and July. These are the two extremes and

ets of envirommental

they also represent two rati

ct
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conditions. However, most of the sows farrowing in this broad
3 t=}
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arrowings are most freguent
in‘July, August and September. (Mclieekan 19237).

cOows mated in the months Merch and A;rii will mostlj
farrow in Juhe and July, and will experience a period of
low temperatures and reduced feed supply for néarly 814 §f
thedir pregnancy period. -

It thus becomes impossible to decide at which time, in
the course of ‘this pregnancy, factors were most.effective in
conditioning the percentage of still-born pigs, and until
objective experiments under strictly controlled conditions
can be devised to answer this question, one can only suggest
that the practice of feeding sows on a satisfactory plane of
nutrition only three weeks before parturition is probably of

doubtful merit in reducing the percentage of still-births.
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SEX RATIOS AND ASSOCIATED MORTALITY.

The preportion of males to females born among pigs
is in itself, of no great importance except in so far as sex
influences carcass qualibty. The position with pigs is some-
what different in this respect from that in dairy stock,
where single births are the rule and the intensity of select-
ion of milking stock is so dependent upon the sex ratio.

In pigs the larger number born per litber enables seleetion
for- replacement stock to be carried out in a satisfactory
manner without any great inconvenience belng caused by extreme
ratvios of one sex bo another.

On the other hand, pigs which are not needed for
replacement stock in the breeding herd constitute the
commerciglly veluable output of the farals pig megb and it is,
therefore, important to know to what extent sex ratios effect
the number of pigs which are eventually sold, or more directly,
the mortality rate.

In the College herd in 194 litters 52.68% of the pigs
born were males. In actusl numbers 845 males were born to
759 females, a difference which is siznificantly great when
treated by the chi-square technigue. Of the pigs born dead,
116 were msles and 110 females, a difference which is not
significantly greab. For comparative purposes thé fipuees

guoted by other workers are listed in Table XXVII,
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TASLEXXVIIL.
Sex ratios guoted by various authorities.
Authority. 7 males Males as‘'a per-
born. centage of pig
born dead.
Lush, Hetzer and
Culbertson (1934) Biel =t
L4
Krallinger (1931) 504157 -
T = -~ = *
Husby (1933) 51.90
uI'ew (1926) 50.0
Sinelair and
Syratuck (1928) 53.69
McKenzie (1928) 51.0 55.0
Krizenecky (1933) 50. 4 54.3
LY
Carmichael and Rice (1920} 51.9 56.0
Present worl 52,68 5iw52

workers, but these are of the same order as those shown above.
Since the sex—ratio of stillborn pigs shows no
significant excess of one sex over the other, it is of 1little
value to explore the matter further with the 1imited data
availgble. However, ih view of the informetion given by
various workers upon prenastal sex ratios in relation to
prenatal mortality, and also observed ratios in inbred
stocks, some discussion of these results is considered
important not only in regasrd to mortelity, but also in regard
to fecundity
Prengtal Sex Ratios and Differentiagl Mortality,

Harmond (1921), Parkes (1925), Crew (1926) and
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Warwick (1928, have all reported, as a result of examination
of the uteri of pregnant sows, that the number of pigs born
in any litter is dependent upon the number of eggs fertilised,
and upon thne number which develop to normal young. They
lfound a discrepancy between the nuber of corpora lutea and
the number of young in the uterus. Further results of Parkes
and Crew indicate that not only is this.foetal atrophy import-
ant in itself, but also it related to the sex ratio. Parkes
observed the following sex ratios in relation to weight of

foeti.

0 - 100 gms. 59.1 + 1.98 % males
101 - 300 gms. ey S s
over 300 5808t obAs EESE

Parkes, therefore, postulates a primary sex ratio
of 60:40 which is reduced to near equality in the course of
_gestation.
Crew's results were:

0 - 249 gms. 60,65 + 1.08 % males

® O
I+

750 gms. 50.8 Sls(Ehaly o

This very definitely leads to the conclusioﬁ theat
meles are less viagble in ubtero than are females and that as
a result, prenatal mortality affects males more than females.
The results of McKenzie (1928) and Carmichael and.Rice (1920)
in relation to the sex ratio of pigs born dead also supports

this conbention. (Table XXVII)
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The Sex Ratios Observed in Inbred Stock.

Hayes (1921) and McPhee Russell and Zeiler (1931)
report a higher proportion of magles in vheir inbréd stoeck
than in the controis. Litter size in both cases was reduced.

McPhee et alia give the following_fiéures for a

Chester White experiment.

- Herd average 109.7 males to 100 females
1st generation of inbreeding 126.1 " fiscsn L
2nd generation [ el L S "

and these figures for Tamworths.

S

Herd average 128 males to 100 females
F'l inbreedj_ng 103 1 1" 1" "
2 ‘ flons 1 P "
Fn it " 1 n
B ST

4 : 180 13 n n fn

~ If these results are representative of the position
in regard to sex ratios as a result of inbreeding, then the
suggestion that inbreeding allows a segregation of lethal
recessive factors, thus causing a greater prenatal mortaiity
and a lowering of litter size, reguires some qualification.
One mgy well ask why, in an drdinary breeding programme the
prenagtal mortality is heaviest in the male sex, and yet when
the effects of homozygous lethals are superimposed.upon the
supposed and probeble lower viability of the males, as in
inbreeding, the sex ratio in pigs born, actually indicates a
istinet proportional dncrease in mele survival.

If we accept the suggestion that in ordinary
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circumstances, males are less able to swrvive in a foétsl
community competing for a limited food - supply, then a reason=
able explanation may be, that, eas the lethals would reduce ;
the foetal population with egquel sex inecidence, and since
by this means, the primary sex ratio would not be materially
changed, the reduced competition resulting from the generally
deplete@ nunbers would sllow for an equal chance of survival
among the remgzining foeti, and a sex ratio at birth similar
to the primary one. It is suggested that the report«of Hays,
that the average birth weight of his inbred litters was
yreater than that of outbred stock, supports this view, though
+his increase in weight may simply be the result of the small-
ness of litters farrowed, which &s a fairly general phenomenom.

In both cases cited above, however, litter size w®as
reduced, bub 1n\bxg riments in which such a reduction did nob
result with close brecding, no mention is made of any unusual
sex ratios. Had there been any such feature observed, it is
felt that the fact would have been recorded, bubt in view of
the lack of specific information on this point, what .would DE
a velugble line of evidence, must lapse until such data are
available.

Evidence supporting the conteﬁtion that foetal
atrophy mey be dependent upon genetic factors has been reportec

by Hammond (1932) as a result of work with wabbits. In two

inbred strains, both exhibiting low fertility, he found that

the number of ova shed was 5 - 8 with 16 per cent of foetal
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alrophy in one sirain, and in the other 11 ove shed with
83 per cent of foetal atrophy. He states bhat foetal atbtbophy
veared to be dus to é recessive factor. Thus, while bhis
supports the theoxy of autosomal receszives being responsible
3

YA
SR <=

for reduced litter sisze in the it also suggests that some

consideration must also be given to the possibility of
reduction in the number of ova shed being responsible for some

of reduction in libtter size observed in inbred stock, although

that litter size was
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restored in cutecrossing inbred sows and boars does nobt give

If, on the other hand, as Warwick suggests, genetie

causes are the reascn for foetal atrophy even in ouberosses,

then the explanation of the fact that males are more severely
affected becomes rather difficult. This would seem to in-
dicate that a sex—-linked recessive (one or & complex) was
involved, but whereas auch a condition would explain the

heavier incidence of male morbtalily in cuterosses, it would

hardly explain the survival of the males in inbreeding ,
unless autosomgl lethals were postulated as the csuse of
reduction in litter size in the case of i nbreeding, and furthel
g threshold value, governed by environmental factors such as

in connection with the assumedly

food supply were vostulated
ed lethal generzlly repponsible for mele

fairly common sex—linked

mortality
However, the sex linkesge theory is open to guestion



94

in that, if such a lethal were f0 be carried by a mafle and

he was mated to a female hetrozygous for this factor, which

is likely if the factor iw widespread, then the proportion

of sexes would revert, once again, to a primary ratio as

equal nunbers of males and females would then be asffected,

when the enviromsent was such as bto allow for the genetic

threshold value to be passed. The question then arises,

do various males mated at random exhibit in their offspring

significant divergence from 50:50 ratios. Kralliﬁger (1930)

says that boars do shoﬁ a difference in their progeny in

this respect and as shown in Table 28 one boar in the College

herd also sired significantly more males than females.
Table XXVIII.

The sex ratio of the progeny of 7 boars used in the College

herd,

Boar. Males. Femzles. Value x°.

6105 70, 62

11314 81 13

11206 119 104

3913 89 65 3.74

9455 84 81

5830 78 103 5508

113 83 4, 63X

2

2824

The fact that boar 2824 sired significantly more
males than females, would, on the basks of the sex-linked
lethal theory, indicate that he carbied the lethal factor.

If this were so, the litters which showed the greatest
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preponderance of males should then be smaller than those

that contaired equal numbers of males and females., However,

it was found that the positioun, as shown in TableXx1x, was

nov as expected.

Litters sired b

ratios.

Preponderance Approximate eguality
of males. of males and females.
8 litters 14 litters
71 pigs farrowed : 125 pigs farrowed
z2 females, 49 males 62 females, 63 males
? ?
8.5 pigs, average litter size .9 pigs.

The fact that the litters containing more males were
not significantly smaller than those showing approximate

S

o

equality does not lend any support to the above theory.
On exmmination of the litter size of litters sired

by boar 5830, which exhibited an excess of females over males,

a similar position is presented.

I
TABLE XXX,

Approximate eguality
of males and females.

12 litters
101 pigs farrowed.

44 females, 57 males

(Vo)

Q

.4 pigs.

(4]

It would have been reasonable to expect that litters
233 REER

TR
ST e s Y
CULC pe smaiier than

in which
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those in which the sex ratio was near eguality but the

lifference seen here is not even near significance, and this

i

too 1s evidence contrary to the above theories.

T would be expected, on the basis of both of the
‘est litters would, on the
average, show a preponderance of males. Also a sow, which

had been fed well before and after mating should experience a

5
(9]
(0]
=]
(o]
)
[()

natal mortality rate among her offspring than one fed
11s reduced mortality might be expected to
produce twc effects, firstly, the number born in such litters

re considered

)

shoudid be greater, and, secondly, since males
less viable than females, this reduced mortality resulting in
increased litter size should efiect male survival more than
female survival, with a conseguent rise in percentage of
@ales born. For this reson the data for the whole herd were
examinéd 10 see whether this was true.
TABLE XXX].

Numbers of each sex born in litters of increasing size.

Litter Size. lMales. Females.
3 19 14
4 13 141
5 26 29
&) 65 80
7 28 S
8 96 88
9 165 S
10 27 93
ALl ' 120 1C0
182 210; 86
13 19 b
B 40 44
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of males, and this is supnorted by Machens (1951).
This fact is not upheld by the data from the College
herd, as the only cases when the difference between the number
born of two sexes approaches significance, are those
relating to litter sizes of 11 and 12,where males are in
excess. Again, it is only in the two widely separated
litter sizes of 5 and 14 that females predominate and here
the differences are extremely small. Thus, not only do the
data in Tables XXX.and XXXI  tend to refute the conclusions
of Krallinger and Machens but they also suggest a more
complicated and deiicate balance or genetic and environ-
mental factors, as being repponsible for prenatal mortality
than that suggested here,
Parkes (1923) points out that since litter size is
dependent upon two primary factors, first the number of ova
shed énd secondly, the number of young surviving from the
conception to birth, 2t is not unuaual that the Bptter size
and sex-ratio of pigs born should show little relationship,
because one factor influences the sex ratio and one does not.
It would seem, therefore, that the position in regard
to prenatal mortality is still very obscure. Anomo lous
situations are freguent, and the recurring difficulty of
distinguish ing between environment and heredity calls for
objective, controlled, experiments to decide more precisely

the respective roles of tlese two factas. Statistical

o T

studies may throw some light upon the subject if the data



98
are accurate and sufficiently extensive, but the work of

Hammond, Crew, and Parkes, does not seem to sustain the
results of such studies. No doubt, there is a point at
which these lines of work can be made to coincide, but as
yet; this remains a possibility and not an actuality. The
studies of Jollos (1934), Goldschhmidt, (1938), et al a,
working with Drosophila lelanogaster have shown that there
are stages in the lifle of tlk young when small environmental
changes can produce a profound effect. With mammals these
influences are no doubt "buffered" to some extent by the
mother, but as Haines has indicated in his work with rodents
environmental influences do exert a definitely measurable
effect on various post-natal features, at various stages
in the gestatien period. When the variability in
genetical constitution between breeds, strains, and even
within litters, is superimposed upon this variability of
external factors, both in point of time of incidence, and
duration, as well as the differing susceptibility of the youn
organism to change as development @ oceeds, it is evident
that though the basic problem may in the end prove to be
relatively simple, the factors associated with it, mask,
distort, and often apparently completely reverse the chain
of circumstantial evidence upon which we have to rely at the

present time.
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vection: 1;

o

gestation periods and factors fecting them.

cestation in the herd studied

me

The factors treated were:-
A\ . ¥ el
(a) Ratio of Sexes, for which no coherent d ifference was

found in the length of pregnancy of litters showing excess

5

ol either Sex.

(b) Size of Litter, for which it was found that the larger
'littérs viere carried a significantly shorter time.than smali
litters.

(¢c) Age of Sow, for which no constant relationship was
observed between length of gestatiou and this factor.

(&) Season of Farrow,which was not found to exercise any

~

significant effect upon the length of pregnancy.

Section IT.

Tactors Influencing Prolificacy.

(a) The iniluence of interval between gestation periocas

7/

apon subsecuent litter size.

No siznificant irfiuvence of this factor was found

in this study but the numbers in the classes treated

small and muct be accerted with caution.
~ - ol e s <+ -

{b) Relation of siZ€ O litter to age of dam.

b Hela n of

=nile a. trend , for-litter size to rise UD to the
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third litter, was evident from the data, no significant
relationship could be established either when data relating
to the whole herd were treated or only those relating to
SOWS t%at had been in ‘he herd for at least six litters.
The possible effect of selection in distorting the results
of other workers is discussed.

(e) The influence of season of mating and farrowing upon

litter size.

The ceasons or pericds into which the data were
divided vere:—; December to March (inc), April to July (inc)
and August to November (inc). 1t was found that matings
in December to March produced significantly larger litters
tﬁan did matings in the other tmb periods, and sfugust to
November proved superior to April to July. o significance
could be est blished between seasons of farrowing. The
possibility of various envirommental factors being respons-
-ible for the observed differences is discussed.

(@) The influence of the boar on the size of litters sired

by him.

In keeping with other work on this subJject no
significant difference was found to exist between the size
of litters sired by boars in reciprocal crosses. Data for
this study were very limited.

(d) The influence of the dam and sire upon the size of

-

litters produced by their daughters.

The studv is prece led by a discussion oi the efficacy

-
of selection for greater prolificacy, the results ol
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inbreeding and the light such resulgs have thrown upon
the mode of fertility inheritance.

The ‘effect of selection for litter size in the
herd is examiied and the influence exerted by four widely
used boars is cited as illustrative of the necessity of
including in sediection programmes tle sires in the herd as
well as ﬁhe dams. The influence of the dam was not studied
in detail because of the small numbers orf related sows
available.
section III.

Factors Influencing Mortality at Birth.

(a) The infiuence o0f the age of the sow.

It was found that mortality rate rose as the sows
aged.

(b) 5ize of litter. :

This f.ctor was found to be significantly correlated
with the percentage of still-births, the larger litters
containing the larger percentage oif dead pigs.

(¢) The influence of season ol Tarrow.

Periods treated were similar to those in Secticn II.
It was established that farrowings in the period iugust to
November were accompanied by fewer still-bitths than those in
either of the remaining two periods. The period April to
July produced the greatest percentage of pigs born dead.
The various: factors that may be responsible for this condition
are discussed.

(d) Sex natios and issociated Mortality.

The results of various workers on pre-natal MOrTaLity
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and its sex incidence are discussed and theories
suggested to explain these results, No support to any of
these theories is produced by & treatment of Lhe dats froi
the College herd and tie need for further research if the

various evidence is to be reconcil ed, is stressed.
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