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CHAPTER I 

INTRODUCTION 

The number of pigs raised per sow in the herd is of great economic 

importance to the swine producer. Many researchers have shown that the 

heritability of litter size in swine is low with most estimates falling 

in the. range of Oto 15 percent. As a result of this low heritability, 

selecting replacement gilts from large litters should not result in 

much increase in litter size. In fact, there is some evidence to sug­

gest that gilts selected from large litters have smaller litters than 

gilts selected from small litters. 

There is great variability in the size of litters produced by 

females of the same age and breeding. If a portion of this variability 

can be accounted for in terms.of measurable factors related to prolif­

icacy and if the relative importance of these factors can be establishe:l, 

selection for fertil:i,ty would be more effective. If progress toward .in­

creased litter size is to be achieved, potential productivity mt,ist be 

evaluate.d before the gilts are bred. 

This study was initiated to determine how the size of the litter 

in which a gilt is raised and her own performance are related to her 

ovulation rate and the size of her litter at.30 days post-breeding. 

l 



CHAPTER II 

REVIEW OF LITERATURE 

Ovulation rate and age at puberty are affected by many factors and 

ovulation rate, a~e at puberty and other factors also affect litter 

size. This review of literature is organized into sect.ions that deal 

with (1) the relationship between a gilt's performance record and (a) 

her age at puberty and (b) her _ovulation rate, (2) the heritability of 

ov~lation rate and (3) the relationship between a gilt's performance 

record and the size. of her·first litter. 

Relat:l,onship Between a Gilt's Performance Record 

and. Her Age at Puberty and Her Ovulation Rate 

It is important .to know the relationship betw,een a gilt' s perfor-

mance record and her age at puberty and ovulation rate so that one can 

increase tb.e efficiency of production by selecting gilts, based on early 

performance records, that.will reach puberty earlier and have a higher 

ovulation rate. 

Warnick et .aL (1951) studied .the records of 205 gilts from 5 · --
inbred lines (3 Chester White, l Yorkshire and l line resulting from the 

initial cro.ss, of Ches.ter White with Yorkshire) to determine if weight at 

various ages was highly correlated with age at puberty, thus furnishing 

a basis for indirect selection for early sexual maturity. He found 

that.;as the age at which the weight was taken increased so did the 

2 
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correlation of weight.with age at puberty and the correlations were 

significant and negative at all ages. The correlations for weight at 56 

days of age and 154 days of age with age at puberty in days were -.54 

and -.58, respectively. This is in close agreement with the results 

reported by Rio (1957) whose correlations for weight at various ages 

with age at puberty ranged from -.26 to -.61. Warnick and associates 

found·that an increase of 1 lb. in 56-day weight resulted in a reduction 

of 208 days in age at puberty while an increase of 10 lbs, in 154-day 

weight reduced age at puberty by 6.4 days. He also found that .the num­

ber of corpora lutea at first, second and third heat periods were 10.0, 

10.8, and 11.9~ respectively. 

Robertson~ al. (195la) evaluated the relationship of weight at 

various ages with age at puberty in 49 Chester White and 37 Poland 

China gilts. Twenty-seven of the Chester White and 16 of the Poland 

China gilts were designated for slaughter at the outset of the experiment 

and the others were allowed to farrow. Slaughter gilts were bred on the 

first day of the second estrus and were slaughtered 24-48 hours after 

the end of the second estrus. This made it possible to count both the 

first and .second crop of corpora lutea. Like Warnick ~ al. (1951) ~ 

they found that as the age at which the weight was taken increased so 

did the co·rrelation between weight an4 age at puberty. All correlations 

were negative and reached a high .at 196-day weight (r = -.38 for Chester 

White and r • -.29 for Poland China). They also found that the two 

breeds averaged an increase of L4 eggs in ovulation rate from first to 

second heat. 

Robertson ~ £:1. (195lb) conducted a similar experiment using 48 

Chester White and 48 Poland, China gilts. There was a negative 
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correlation (r a -.29) between 154-day weight and age at puberty, 

indicating that faster growing gilts tended .to reach puberty at an 

earlier age than slower growing gilts. They also found an increase of 

2 eggs in ovulation rate from the first to second heat. Weight at 

puberty accounted for 13.0 percent of the variation in ovulation rate 

at the second heat period while age at puberty accounted for only 3.6 

percent of the variation in ovulation rate. This indicates that weight 

is a more important factor affecting ovulation rate than is age. These 

results agree with Blunn (1939) who found that faster gaining rats 

reached puberty earlier than slower gaining rats. 

Squiers..:!. al. (1952) studied 278 gilts from 3 inbred strains (2 

Poland China strains and a Hampshire strain), a Duroc line and crosses 

among these lines. All gilts were mated to unrelated boars and were 

slaughtered 25 days after conception. The number of ova shed was sig­

nificantly correlated with age at first estrus (r = 0.31). The simple 

correlation between growth rate and number of ova shed was 0.10, which 

they felt would have been larger except for the rather strong tendency 

for faster growing gilts to be bred at an.earlier age (r a -.27). It 

was also noted that the crossbreds tended to be bred at an earlier age 

than the purebreds because they grew faster and reached·puberty at an 

earlier age. When age was held constant the correlation between growth 

rate and ovulation rate became b.20 and significant. In this stt,tdy, 

an increase of 10 days in age at breeding increased ovulation rate by 

0.35 eggs while an increase of 10 lbs. in 154-day weight increased ovu­

lation rate by 0.24 eggs. 

Rathnasabapathy ..:!. &· (1956) used 66 Poland China-Landrace cross­

bred gilts to evaluate sexual maturity at 200 lbs. and.to determine the 



relationship of various performance records of the gilt with her sub­

sequent ovulation rate and litter size. Twenty-four gilts were 

slaughtered at 200 lbs. while a second group of 42 gilts were bred at 

5 

an average age of 202 days and were slaughtered on the 55th day of 

gestation. Eleven of the 24 gilts slaughtered at 200 lbs. had ovulation 

points or freshly formed corpora lutea and the remaining 13 had·no 

ovulation points. This indicates that most gilts had not reached sexual 

maturity or were only in their first estrus cycle at slaughter weight. 

The correlation between the gilt's birth weight and ovulation rate (r = 

0.12) was not significant but an increase of 1 lb. in birth weight 

resulted ·in 0.45 more eggs ovulated. Weaning weight and 154-:day weight 

accounted for 10.9 and 11.6 percent of the variation in ovulation rate, 

respectively. An increase of 10 lbs.in 154-day weight resulted in 0.45 

more ova shed. The .correlation between average daily gain from weaning 

to 200 lbs. and ovulation rate was 0.22 and nonsignificant 9 however, an 

increase of 0.10 lbs. in average daily gain tended to increase ovulation 

rate by 0.34 eggs. Age at breeding accounted for 10.2 percent of the 

variation in ovulation rate (P < .05) and an increase of 10 days in age 

at breeding resulted in 0.48 more eggs being shed. The correlation of 

average backfat and .total gain from 200 lbs. to slaughter with ovulation 

rate were .22 and .27., respectively and both were nonsignificant. 

Heritability Estimates of Ovulation Rate 

There. are very few estimates of heritability of corpora lutea or 

ovulation rate in the literature. Squiers .!.!:, il.• (1952) used data on 

279 gilts to estimate. the heritability of ovulation rate. They found 

that the sire had no effect on the ovulation rate of his daughters but 
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that there were differences between litters within sires and differences 

between reciprocal crosses. This indicates a strong maternal influence 

on ovulation rate. 

Lasley (1957) utilizing data on 87 sows also tried to estimate 

heritability of corpora lutea count. He obtained a heritability of 10 

percent using the paternal half-sib method and noted that the maternal 

component of variance was larger than the sire component of variance. 

This also suggests a strong maternal influence or possibly that domi­

nance or epistasis or both may contribute greatly to the genetic varia­

tion of.ovulation rate. 

Cunningham ~.§!1. (1972) used the laparotomy technique to select 

for high ovulation rate. In the fourth generation, the 206 gilts i.n the 

high ovulation line averaged 1,65 more corpora lutea than 181 gilts in 

the control line (15.59 vs. 13.94). This was an increase of 0.81 cor­

pora lutea over the difference between the lines in the third genera­

tion. This response to selection indicates that ovulation rate is to 

some degree heritable. 

Relationship Between a Gilt's Performance Record 

and the Size of Her First Litter 

If we can establish the relationship between a gilt's performance 

records and the size of her first litter, we can more accurately select 

replacement gilts that will have larger litters. Stewart (1945) used 

the records of·749 inbred gilts collected over a seven year period to 

evaluate the effect of age and weight at breeding on the size of a 

gilt's first litter. All gilts were self fed until they reached market 

weight, at .which time they were limited fed and hand mated at various 
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ages. He.found that litter size increased in a curvilinear fashion with 

no fux-ther increase c:!.fter gilts reached 15 months of age, The effect of 

age was more severe in the months prior _to 12 than after that age. This 

is in agreement with Johansson (1929) and Olbrycht (1943) who also sug-

gested a prQgressive increase in litter size with an increase in age at 

first farrowing, Olbrycht reported an average of 1.07 more pigs per 

litter for sows farrowing first-at 17 months compared to those farrowing 

first at 12 lil.()_nths, 

Stewart (1945) reported a highly significant simple regression for 

number of, live pigs farrowed· and to.ta! pigs farrowed on age of dam in 

months (b • 0.367 and -.415 pigs, respectively). Korkman (1947) ob-

tained a SWlller regression of 0.24 pigs at birth for each month increase 

in age at dam but his gilts farrowed first at ll and 12 months of age. 

Ellinger (19il) and Krizenecky (1935 and 1943) concluded that age at 

breeding had .. little effect upon the size of a gilt's first litter. 

Stewart (1945) found that age at breeding and weight at·breeding 

were highly and positively correlated (r = 0.60). The actual reduction 

of sum of squares for litter size obtained by mathematicc1,lly adjusting 

all variables except .weight at breeding was significant, while the reduc-

tion adjusting for everything except age at breeding was nonsignificant. 

Thb indicates that weight at breeding is a more important factor than 

age at breeding in determining size of first litter. 

Squiers et al. (1952) used 278 gilts to evaluate the relationship --
of a gilt's growth rate and age at breeding with the number of embryos 

px-esent 25 days after breecl.ing. Age at breeding ranged from 164 to 301 

days and was found to. be significantly correlated ·with litter sbe (r = 

0.31). Each increase of 10 days in age at breeding increased litter 
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size by 0.50 embryos. With age hel4 constant, the partial regression 

of 25-day litter size on 154-day weight was 0.0374 pigs, while the par-

tial regression of 25-day litter size on age at breeding holding 154-

day weight constant was O. 0606 pigs. The number of ova shed accounte.d 

for only 22 percent of .the variation in the number of embryos indicating 

that factors that control mortality rate are more important in determin-

ing number of embryos than is the number of ova shed; 

Rathnasabapathy ~.al. (1956) used 42 gilts to estimate the 

relationship of various measures of performance of a gilt with her sub­

sequent litter size 55 days after breeding. He found that birth weight 

was not significantly correlated with litter size (rm -.24) although a 

1 lb, increase in birth weight was associated with 0.93 more embryos 55 

days after breeding. Weaning weight was more highly correlated with 

n~mber of embryos (r • 0.15) than 154-day weight (r = -.02) although 

neither correlation was significant. A Hl lb. increase in weaning 

weight was .accompanied by an increase of Q.53 embryos at 55 days. Aver-

age daily gain was nonsignificantly and negatively correlated (r = ~.09) 

with litter size but the regression of litter size on average daily 

gain was -2,19 embryos. Average backfat thickness, age atlbreeding and 

gain from 200 lbs. to slaughter were negatively and nonsignificantly 

correlated with litter size (r • -.15, -.11 and -.09, respectively) and 

accounted for little variation .in litter size. Ovulation rate accounted 

for only 3 percent of the variation in litter size indicating that fac-

tors other than ovulation rate are operating to limit litter size. 

O~tvedt et al. (1965) analyzed the breeding and farrowing records 
' --

on 390 gilts from five breeding groups (Beltsville No. 1, Duroc, 

Hampshire, Landrace-Poland cross and a multicross control line). The 
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age at breeding, which ranged from 205 to 310 days, was positively 

correlated with litter size (r =- .12} and with breeding weight (r = 

.55). When breeding weight was held. constant, the correlation between 

litter size and age at breeding was nonsignificant indicating that 

the increase in litter size was due more to an increase in breedi~g 
I 

weight th.an to an increase in breeding age. The correlation of litter 

size with breeding weight was 0.19 and each 10 lb. increase in weight 

at breeding re$ulted in 0.20 more pigs farrowed while an increase of 10 

days in age at breeding was associated.with an increase of 0,16 pigs in 

litter size. 

Young and Omtvedt (1973) studied the. relationship of the size of 

the li.tter a gilt caIQe from and her own performance with the. size of 

her first litter. Th~ study involved 176 first litter gilts of three 

breed groups (Beltsville No, 1, Duroc and a multicross control line). 

Although not· significant, gilts that: were farrowed in la,rge litters 

tended to farrow smaller litters than gilts farrowed-in Slllqll litters 

(r = - .13). An increase of one pig in the litter .a gilt came from re-

duced,her first litter by 0.16 pigs. The size of the litter a gilt 

was.weaned in was not associated with the size of her first litter. 

They also .found that the gilt's birth weight was significcl,ntly corre-

lated .. with the size of her first litter (r "' q.16), with an increase 

af 1 lb. in her birth weight increasing the size of her first litter 

by 0,75 pigs. The correlation between her 42-day weight and the size 

af her first litter was not significant (r"" 0.10) but followed the 

same trend as that noted for birth weight. A 10 lbs. increase in 42-

day weight was accompanied by 0,53 more pigs farrowed. Gilts that were 

younger at·200 lbs., thus being the faster growing gilts, tended to 
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farrow larger litters than gilts that were older at 200 lbs (r = -.13). 

A decrease of 10 days in age at 200 lbs, resulted in an increase of 

0.30 pigs in litter size. Backfat thickness was not consistently asso­

ciated with litter size. 

Revelle and Robison (1973), using 1078 two-generation and 710 

three-generation pedigrees, noted a negative relationship between the 

size of the litter a gilt came from and the size of her first litter. 

They divided the pedigrees into. three groups (high 18 percent, middle 

64 percent and low.18 percent) based on the first generation litter 

size. In .the two-generation pedigree they found that gilts from larger 

litters tended to have smaller litters than gilts from smaller litters. 

They noted a high, low, high oscillation in the three-generation pedi­

gree, ind.icating that gilts from large litters were prevented from 

exhibiting their genetic.superiority by the stress of being reared in 

a large litter. Engle (1937) also found that female rats selected from 

large litters reached puberty lat.er than female rats from small litters 

principally because the latter group had a larger growth rate. 

Revelle and Robison (1973) estimated the heritability of litter 

size by regressing the litter size of the daughter on the litter size 

of the dam and. the resulting heritability usin.g all gilts was 0.13. 

The heritabilities for the high, middle and low groups were -.13, 0.01 

and .0.20, respectively. The heritability estimated from granddaughter­

granddam regression was 0.,28. If the .stress of being reared in a large 

litter is removed, as. is artifically done by regressing granddaughter 

on granddam, a relatively high heritability is found.for litter size. 

Further evidence of the delay in maturation because of the competition 

in large litters was noted.in this study in that gilts from litters of 



6 to 12 pigs reached puberty at about the same age while gilts from 

litters of more than 12 pigs were progressively older at puberty. 

11 



CHAPTER III 

MATERIALS AND METHODS 

General Procedure 

This study involved 241 purebred Duroc, Hampshire and Yorkshire 

gilts and 103 two-breed cross gilts involving the th.ree breeds. The 

gilts were from Project 1444 and all matings were made at the Fort Reno 

Experiment Station, El Reno, Oklahoma. The data included. five breeding 

seasops start;ing with the fall of 1970 through .the fall of 1972. The 

gilts in each season are summarized by breed·group in Table I. The fall 

breeding season started on December 1 and the spring breeq.ing season 

on June l. 

TABLE I 

DISTRIBUTION OF GILTS BY BREED AND BREEDING SEASON 

Breeding Season 
Breed of .Gilt Fl970 Sl971 Fl971 S1972 Fl972 

Duroc 14 29 14 16 21 

Hampshire 16 24 9 21 18 

Yqrkshire 15 8 12 13 11 

Duroc-Hampshire 13 20 

Duroc-Yorkshire. 15 22 
,i __ 

Hampshire-Yorkshire 11 22 

12 
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In the fall of 1969, the tl:i:ree purebred seedstock herds wer.e 

formec). at Stillwater. by obtaining 25 gilts and 5 bo.ars for each breed. 

This initial breeding .stock came from as many different lines as possi­

ble to provide a broad genetic base, hopefully representative of the 

breed. In order to maintain a relatively broad genetic base and to 

keep inbreecling to a minimum, two new boars of each breed were pur­

chased each year and· thr.ee old boars of each breed wel'.'.e kept· over. 

From the 1970 spring, 1970 fall and .1972 spring farrowings about 

60 gilts and 6 "boars of each breed were selected ·from, the Stillwater 

herd. and taken to the Fort Reri.o Experiment Station for the crossbreed­

ing study, Project 1444, The purebred and two-breed cross gilts far­

rowed in 1971 spring an.cl 1971 fa:J,l at .Fort Reno provided the gilts for 

the th:i..rd and·fourth.seasons. In the fall of 1970, spring of 1971 and 

the fall of ,1972, each boar was _mated to three .gilts of his own breed· 

and to three gilts of each of the other two breeds. In the fall of 

1971 and spring of 1972, each boar was-bred to three gilts of each 

crossbred or purebred group that die). not ·conta.in the same breeding as 

the boar. Consequently, in three of the five seasons (the first, 

second and fifth) purebred gilts .were bred to carry purebred or two­

breed cross embryos. In. the remaining two seasons (the third and 

fourth) purebrec). gilts were carrying two-breed cross embryos and two­

breed cross gilts were carrying three-breed cross embryos. The mating 

system is summarized in Table II. 

All gilts in this study were given creep feed at 21 days of age 

and were weaned at 42.days.of age. Two weeks after weaning, the gilts 

were moved. to a confinement fin.ish:i,ng facility aI!.d wer.e allotted by 

breed group into groups-of·l6 pigs per_pen. They were given-one week 



to adjust to their new surroundings before being weighed on test. 

TABLE II 

BASIC MATING SYSTEM FOR EACH REPLICATIONa 

Breeding Season 

Fall 1971 
Spring 1972 

Fall 1970 Fall 1972 
Spring 1971 

3HH~ 
3YY~ 
3HYi 
3YH~ 

3D~ 
3YY~ 
3DY~ 
3YD~ 

3DD~ 
3DH~ · 
3DH~ 
3HD~ 

eac~ ~JD~ 
::~ ~ '6D ·-3HH~ 

each 3YY~ 

eac~~ ~DD~ 
eac1'. . .. . 6Y - .. 3HHi .. each · . , 
each 3YY~ 

each 

each 

each 

each 

each 

each 

each 

each 

each 

a D = Duree, H.• Hampshire, Y,. Yorkshire; the first letter 
is the breed of sire and .the second is breed of dam. ,_ 

All gilts were self fed a 16. percent crude protein ration until 

they reached 220 lbs. Gilts were weighted off test on a wwekly basis 

as they reached 220 lbs., were probed for backfat,thickness, and were 

moved out.side to dirt lots where they were individual.1,.y .limited fed. 

In the.summer the gilts received 4 lbs. of a 15 percent crude protein 

ration and in the winter they received 4.5 lbs. Two weeks prior to 

breeding, they were flushed by increasing their feed by 1.5 lbs •. and 

after breeding, the feed was reduced to the pre-flushing level. 

14 
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During the breeding season, the gilts were check.ed for heat daily 

and were hand mated. Repeat matings were made between 12 and 24 hours 

after the first service whenever possible. If a gilt was mated twice 

in the same heat period, gestation length was measured from the first 

service. If a gilt exhibited heat at the next cycle, she was rebred; 

otherwise she was assumed pregnant. 

During each season, two.gilts from every sire-breed group were 

randomly selected to carry.their litter to full term. The rest of the 

gilts were slaughtered on .a weekly basis at approximately 30 days post-

breeding by Wilson and Company, Oklahoma City. The reproductive tracts 

were collected and dissected so that all embryos could be removed, 

counted and measured~ The ovaries were examined for corpora lutea and 

each corpus luteum was assumed to represent one ovum shed. 

Statistical Analysis 

The initial analysis consisted.of correlations of the various 

factors with corpora lutea count .and number of normal embryos within 

breed within sealjlon. This was done using the computer program·entitled 

Statistical Analysis.System (SAS) developed·by Barr and Goodnight (1972) 

at North Carolina State University. This preliminary analysis indicated 

that the correlation coefficients were similar .for each season. The 

correlation$ for Duroc, Hampshire and Yorkshire gilts were similar but 

different from the correlations for the crossbred gilts which were 

similar to each othei;-. l'herefore, the analysis was done in four steps. 

The first·three steps utilized the computer program entitled Least 

Squares and Maximum Likelihood General Purpose Prpgram (LSMLGP) 
I 

described by Harvey (1960) while the fourth step utilized the SAS program. 
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The object of the first step was to determine the relationship of 

the various factors with ovulation rate. This analysis was done on all 

purebred gilts and the correlation and regression coefficients were 

pooled over breed and season. 

The _second step of the analysis was done to determine if the 

relationship of the various factors with total numbe.r of embryos was 

different fc;>r purebred embryos than for two-breed cross embryos. This 

involved the Duroc, Hampshire and Yorkshire gilts bred in the fall 1970, 

spring 1971 and fall 1972 breeding seasons because these were the only 

seasons when purebred gilts were carrying purebred and two-breed cross 

embryos. Correlation and regression coefficients were pooled within 

breed~ year and season for each group. 

The object of _the third part.of the analysis was to determine if 

the relationship of the various factors with ovulation.rate and total. 

embryos was the same for purebred gilts bred to carry two-breed embryos 

and crossbred.gilts bred to carry.three-breed embryos. The gilts 

utilized for this analysis were from the fall 1971 and spring 1972 

breeding season because these were the only seasons that involved both 

types of gilts. Correlations and regression coefficients were pooled 

withi-q. breed; year and· sea.son for each group. 

The.fourth phase of the analysis was to determine a heritability 

estim~te for number .of corpora lutea. The following model was used: 

where 

Yijkl = the individual, observation on number of corpora lutea. 

µ m the.mean number of corpora lutea. 



th R. m the effect of the i replication where replication 
J. was defined as year, season and breed. 

sij .. the effect of the j th sire within the i th replication. 

Dijk = the effect of .the kth dam within the jth sire within the 
ith replication. 

Eijkl :s tqe error associated with the ijklth observation. 

The SAS. program calculated. the variance component for each classifica.-
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tion and tbe percentage that .each component was of the total. The per-

centage of total,variation due to sires is the paternal half sib 

correlation. Heritability was then estimated by multiplying the paternal 

half sib correlation by four as. described. by Pirchner (1969). 



CHAPTER IV 

RESULTS AND DISCUSSION 

This chapter is organized into sections that will discuss (1) the 

factors associated with the ovulation rate of purebred Duree, Hampshire 

and Yorkshire gilts, (2) the.factors associated with the number of 

normal embryos for purebred gilts with purebred embryos and purebred 

gilts with two-breed cro.ss embryos, (3) the relationship between various 

factors and the numbe.r of :corpora lutea and the number of embryos for 

purebred.gilts with two'"'."breed cro.ss embryos and two'"'."breed cross gilts 

with three'"'."breed cross embryos, and (4) the heritabilitYt of number of 

corpora lut.ea. 

Factors Associated With the Ovulation Rate of 

Purebred Duroc, Hampshire and 

Yorkshire Gil ts 

The purpose of this portion of the study was to investigate the 

influence of various factors on ovulation rate in Duroc, Hampshire and 

Yorkshire. gilts. The means and sta.ndard deviations for the various 

measurements studied involving the 241 purebred gilts are reported by 

breed group in Table IU:. The Dur.oc gilts came from the largest litters 

· at birth and th.e Hampshire gilts came from.the smallest litters at 

birth. At weaning, the litters ,the Yorkshire gilts came from averaged 

about 1 pig more than the. litters the Hampshire and Dur.oc gilts came. 
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TABLE III 

MEANS FOR ALL TRAIT.S EVALUATED FOR ALL DUROC, ~SHIRE AND YORKSHIRE 
GILTS FOR ALL S~SONS 

Purebred Means 
Du roe Hampshire Yorkshire Overall 

Nul!lber of Gilts 94 88 59 241 

Size of Litter Born In 11.33 9.91 10.73 10.66 

Size ,of Litter Weaned In , 7.53 7.36 8.44 7. 69 

Birth Weight, lbs. 2.92 3.23 2.56 2.95 

Weaning W~ight, lbs, 24.00 24.32 23.97 24.11 

Avg. Daily Gain, lbs. 1.40 1.34 1.29 1.35 

Age at 220 lbs., days 174.98 181.53 186.93 180.30 

Probe at 220 lbs., in. 1.26 L.07 1.13 1.16 

Breeding Age, days 275.47 274.72 282.29 276.86 

Breeding Weight, lbs. 265.61 · 263.32 249.61 · 260.85 

Slaughter Weight, lbs. 282.96 281.23 265.66 278.09 

Days from 220 lbs. to Breeding 100.76 93.19 -95-, 36 96.67 · 

Number of Corpora Lutea 13.86 12.49 l.3.47 13.27 

Number of Embryos 10.78 9.25 11.07 10.29 

Overall 
Standard 

Deviation 

2.55 

2.20 

0.56 

5.11 

0.12 

14.18 

0.14 

19.95 

25. 6.0 

26.19 

24.83 

2.26 

2.74 

.... 
"' 
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from. The gilts in each breed averaged about 24 lbs. at weaning but the 

Durocs gained fastest; consequently, averaged 6 ,55 and 11. 95 days young-

er at 220 lbs. than the Hampshire and Yor.kshire gilts, respectively. 

The Yorkshire gilts were about 7 days older and 14 lbs. l:i.ghter at. 

breeding than Dur(;)cs and Hampshires. The Duroc gilts averaged more 

eggs ovulated than the Hamp~hire and rorkshire gilts, however, at 30 

days post-breeding the Yorkshire gilts averaged 0.29 and 1.82 more 

embryos than the Duroc and Hampshire gilts, respectively. 

The preliminary analysis indicated that the correlat:i,ons were 

similar for the three breeds and fo.r the five seaijons, therefore the 

correlation and regression coefficients were pooled within breed, year 

and season.and are reported in Table IV. Neither the size of the litter 

a gilt was born in or weaned in was significantly correlated with her 

ovulation rate. This indicates that selecting gilts from large litters 

should not increase ovulation rate. 

Age at 220 lbs. and avera,ge daily gain were. significantly correlated 

(P < .Gl5) with ovulation rate (r • "!".17 and 0.15, respectiv~ly) with 

gilts that gained faster and were younger at 220 lbs. having a higher 

ovulation rate. This is similar to the correlation of 0.20 reported, 

by Squires ~ &· (1952) between growth rate and ovulation rate when age 

at breeding was held constant an.d similar to the correlation of 0.22 

obtained by Rathnasabapathy .!E_~. (1956). In this study an increase 
I 

of 0.10 lb. in average daily gain was associated with an increase in 

ovulation rate of .0. 28 ± .13 ova while a decrea.se of 10 days in age at 

220 lbs. was associated with an increase in ovulation rate of 0.27 ± 0.1 

ova. 
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TABLE IV 

CORRELATIONS OF VAR.IOUS FACTORS WITH OVULATION RATE AND REGRESSION 
COEFFICIENTS OF OVULATION RATE ON so~ FACTORS FOR ALL DUROC, 

HAMPSHIR~ AND YORKSHIRE GILTS POOLED WITHIN 
BREED, YEAR.AND SEASON 

Y Variable 

Size of Litter Born In. 

Size of Litter Weaned In 

Birth Weight 

Wean.ing Weight 

Avg. Daily Gain 

Age at 220 lbs. 

Probe at 220 lbs. 

Breeding Age 

Breeding Weight 

Days from.220 lbs. tQ Breeding 

Number of Embryos 

ap <, .lQ 

bp < .05 

cp < .01 · 

d ± ,Standard error. 

Ovulati9n Rate 
Correlation · R1egression 

r b 
xy xy 

,026 

.032 

.030 

.l09a 

.l5lb 

-.170b 

-.061 

.l23a 

.230c 

.198c 

.255c 

d 
.©23 ± .059 

.033 + .068 

.118 ± .267 

.048 ± .029 

2. 7 59 ± 1. 207 

-. 027 ± .101 

.014 ± . 008 

.020 ± .008 

.018 ± .006 
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The correlations of breeding weight and days.from 220 lbs. to 

breeding with, ovulation rate were 0,23 and 0.20, respectively and sig­

nificant (P < .05). An increase of 10 lbs. in breeding weight was asso-

ciated with an increase in ovulation rate of 0.20 ± O.lQ eggs while an 

increase of 10 days in days from 220 lbs. to breeding was associated 

with an increase of 0,18 ± 0.10 eggs. ln the ranges studied, the 

correlation between ages at breeding and ovulation rate was significant 

at the 0.10 level. However, if breeding weight was held constant, the 

correlation between age at breeding and ovulation rate was reduced to 

0.04 and was·nonsignificant indicating that the increase in ovulation 

rate was due more to an increase in weight than an increase in age. 

This agrees with Warnick et al .. (1951) and Robertson et al. (195la, 
-......- --

195lb) who found.that weight was significantly correlated with age at 

puberty. Based on these data, it appears that sexual maturity is pro-

bably influenced more by weight than by age. 

Birth weight was nonsignificantly correlated with ovulation rate 

(r = 0.03) but the correlation of 0.11 between weaning weight and ovu-

la.tion rate was significant at the 0,10 level. Rathnasabapathy et al. 

(1956) reported the correlations of ovulation rate with birth weight 

and weaning weight of 0.12 and 0.33, respectively. 

The correlations among all traits are reported in Table XV in the 

append;Lx. His interesting to note that birth weight and weaning 

weight we:i;-e significantly cqrrelated with. average daily gain, age at 

220 lbs., breeding weight and days from 220 lbs, to breeding and that 

these were significantly (P. < .05) correlated with ovulat.ion rate, This 

suggests that one migb,t indirectly increase ovulation rate by using 

birth weight ·or weaning weight to select for increase growth rate, 
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increased breeqing weight·and decreased·age at 220 lbs. 

In general, these data indicate that gilts that.are heavier at. 

weaning, grow faster and reach 220 lbs, at an earlier age should have 

a higher ovulation rate. Also .gilts that are older and heavier at 

breeding should ovulate more ova. 

Facto.rs Associated With the Number of Normal· 

Embryos for Purebred Gilts With Purebred 

Embryos and Purebred Gilts With Two­

Breed Embryos 

This portion of the.study was conducted to compare the relative 

influence of.· the various factors on the number .of normal embryos for 

gilts with purebred embryos ang equival~nt gilts with two-breed embryos. 

The means and .standard deviations for the .56 .purebred gilts with pure­

bred embroys (PBGPBE) and 100 purebred gilts wi~h two-breed embryos 

(PBGCBE) are sumip.arized in Table V. The two groups. of· purebred · gilts 

were quite similar e~cept that the PBGPBE averaged about 3 days older 

at 220 lbs. anq 6.5 lbs. lighter .at breeding than the PBGCBE. The 

PBGCBE averaged 0.33 more. eggs and 0.41 more embryos than the PBGPBE. 

These differences were assumed to be chance deviations. 

The pooled ·cor.relations and regressions are reported in Tables VI 

and VII. Most of th~ factors studied were not significantly correlated 

with numb.er of embryos 30 days after breeding regardless of the type of 

breeding of the.embryo. The number of corpora lut1:1a accounted for 13.7 

and 8.4 percent of the:variation in number ef embryos.for the PBGPBE 

and PBGCBE, respectively (P < .05). Rathnasabapathy il !.!.• (1956) and 

Squiers .!£..!l• (1952) reported that the number of ova shed accounte,d 



TABLE V 

MEANS AND STANDARD DEVIATIONS FOR ALL TRAITS EVALUATED FOR DUROC, HAMPSHIRE, 
YORKSHIRE GILTS FOR FALL 1970, SPRING 1971 AND FALL 1972 

BREEDING SEASONS BY TYPE OF EMBRYO 

NUI]lb.ef' o{ Gil ts 

Size of Litter Born In 

Size of Litter Weaned In 

Birth Weight, lbs. 

Weaning Weight, lbs. 

Avg. Daily Gain, lbs. 

Age at 220 lbs., days 

Probe at 220 lbs., in. 

Breeding Age, days 

Breeding Weight, lbs. 

Slaughter Weight, lbs. 

Days from 220 lbs. to Breeding 

Number of Corpora Lutea 

Number of Embryos 

Gilts with 
Purebred Embryos 

Mean 

56 

10.57 

7.59 

2.97 

23.58 

1.37 

177 .27 

1.13 

279.93 

254 .11 

267.93 

102.66 

12.89 

10.12 · 

Standard 
Deviation 

2.40 

2.12 

0.61 

4.51 

0,14 

12.85 

0.12 

16.49 

23.89 

25.02 

21.29 

2.11 

2.24 

Gilts with 
2-Breed Cross Embryos 

Standard 
Mean 

100 

10.53 

7.70 

3.04 

24.83 

1.38 

173.91 

1.14 

279.21 

260.62 

274.32 

105.30 

13.22 

10.53 

Deviation 

2.40 

2.26 

0.55 

5.04 

0.12 

13.61 

0.16 

17.93 

26.22 

25.79 

22 .46 

2.17 

2. 72 

N 
~ 



TABLE VI 

CORRELATIONS OF THE VARIOUS TRAITS WITH NUMBER OF CORPORA LUTEA AND EMBRYOS FOR 
DUROC, HAMPSHIRE AND YORKSHIRE GILTS IN FALL 1970, SPRING 1971 AND FALL 

1972 BY TYPE OF EMBRYO POOLED WITHIN BREED, YEAR AND SEASON 

Correlated Trait 

Size of Litter Born In 

Size of Litter Weaned In 

Birth Weight 

Weaning Weight 

Avg. Daily Gain 

Age at 220 lbs. 

Probe at 220 lbs. 

Breeding Age 

Breeding }'J'eight 

Days from 220 lbs. to Breeding 

Number.of Corpora Lutea 
'-

a 
P. < • 05. 

Gilts .with 
Purebred Embryos 

No. of No. of 
Corpora Lutea Embryos 

.003 -.186 

.100 .052 

.046 -.041 

.034 .016 

.177 .158 

-.227 -.073 

-.116 -.155 

-.113 -.127 

.340a -.028 

,.049 -.054 

-- .369a 

Gilts with 
2-Breed Cross Embrays 
No. of No. of· 

Corpora Lutea Embryos 

.012 -.018 

.010 .101 

-.103 -.020 

.012 .056 

.196 .001 

-.197 -.027 

-.051 .007 

.125 • .359 a 

.101 .167 

.219 .303a 

-- .289a 

N 
Vt 



TABLE VII 

COEFFICIENTS OF REGRESSION OF NUMBER OF CORPORA LUTEA AND NUMBER OF EMBRYOS ON VARIOUS FACTORS 
FOR DUROC, HAMPSHIRE AND YORKSHIRE GILTS BY TYPE OF EMBRYO FOR FALL 1970, 

SPRING 1971 AND FALL 1972 BREEDING SEASONSa 

--~~~~~~~~~~~D~e=-pendent Variable 

Independent Variable 

Size of Litter Born In 

Size of Litter Weaned In 

Birth Weight 

Weaning Weight 

Avg. Daily Gain 

Age at; 220 lbs. 

Breeding Age 

Breeding Weight 

Slaughter Weight 

Days from 220 lbs. to Breeding 

Gilts with 
Purebred Embryos 

No. of No. of 
Corpora Lutea Embryos. 

.003 + .130 b -.174 + .135 

.100 + .146 .055 ± .156 

.161 ± . 514 -.153 ± .545 

.016 + _.082 _.008 ± .087 

2.697 ± .221 2. 545 ± . 235 

-.037 ± .024 -.013 ± .026 

-.014 + .019 -.017 ± .020 

• 030 + . 012 -.003 + .024 

---------- .002 ± . 013 

.005 ± .015 -.006 + .015 

aPooled within breed, year and season. 

b ± Standard error. 

Gilts with 
2-Breed Cross EmbrIOS 

No. of No. of 
Corpora Lutea Embryos 

.011 ± .095 -.020 ± .120 

.010 ± .101 .122 ± .126 

-.403 ± .410 -.100 ± .518 

.005 ± .045 .030 + .057 

3.417 ± 1.801 .013 ± 2.308 

-.031 ± .016 -.005 ± .021 

.015 ± .013 .054 + .015 

.008 ± .009 .017 ± .011 

----------- .01-6 ± ... 011 

.021 ± .010 .037 ± .012 

N 

"' 
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for 2.9 and 22.1 percent, respectively, of the variation in litter 

size. These results. indicate that in most gilts the number of ova shed 

is i,:>robably not the major limiting factor for litter size. Since the 

number. of corpora lutea does not account for much variation in number of 

embryos, it is expected that the relationship of the various factors 

with number of corpora lutea will be different than their relationship 

with number of embryos. 

The correlations between the size of litter a gilt was born in and 

the.number of embryos she had 30 days post-breeding tended to be larger 

for PBGPBE than for PBGCBE (r • -.19 and -.02, re~pectively). In PBGPBE 

an increase of .one pig in the size of the litter the gilt came from at 

birth decreased her litter .size at 30 days by 0.17 ± .13 embryos, This 

is similar to the correlation of -.13 reported by Young and Omtvedt 

(1973) between the si.ze of litter a gilt was born in and the size of 

her first litter. They also noted that an increase of one pig in the 

size of litter a gilt came from at birth reduced her first litter by 

0.16 pigs. In PBGPBE and PBGCBE the size of the litter .the gilt came 

from at weaning had no effect on her litter size and this is in agree­

ment with Young and Omtve4t (1973). Based on these results, it appears 

that by 42 day:; of age the pigs eat enough creep feed so that the com­

petition in large litters is no longer an important factor affecting 

later performance. 

In PBGPBE, postweaning daily gain tended to be correlated with 

number of embryos (r • 0 .16) but this trend was not noticed for the 

PBGCBE (r = .00) although correlation of postweaning daily gain with 

ovulation rate was similar for both groups (r • 0.18 and·0.20, respec­

tively) •. The regression of number of embryos on postweaning daily gain 
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was.2.54 ± .24 embryos and .01 ± 2.31 embryos for PBGPBE and PBGCBE, 

respectively. Rathnasabapathy .!£.~· (1956) reported a correlation of 

-.09 between growth rate and litter size and the regression of litter 

size on growth rate was -2.19 pigs both of which are opposite. in sign 

from those found in this study but were not significant. There appears 

to.be no explanation for the differences between the results in this 

study and those found by Rathnasabapathy .!!. &· (1956), 

The correlation between breeding age and number of embryos was 

significantly different (P < .05) for PBGPBE compared to PBGCBE (r = -.11 

and 0.36, respectively). Part of this difference was due to the fact 

that chance division of the purebred gilts, resulted in correlations of 

-.11 and 0.12 for ovulation rate with age at breeding for PBGPBE and 

PBGCBE, respectively. The regression of number of embryos on breeding 

age was significant (P < .05) for PBGCBE (b = .05 ± -.02 embryos) but 

not for PBGPBE (b • -,02 ±. .02 embryos). The correlations and regres­

sions for the PBGCBE group for number of embryos are similar to those 

reported by Squiers il ~· (1952) and the correlation and regressions 

for the PBGPBE are similar to those reported by Rathnasabapathy .!!. al. 

(1956). 

The correlations of breeding weight and days from 220 lbs. to 

breeding with number of embryos tended to be different for PBGPBE com­

pared to PBGCBE with the correlations being more positive for the PBGCBE 

group. In the PBGPBE group the correlations of breeding weight and days 

from.220 lbs. to breeding with number of embryos (r = -.03 and -.05, re­

spectively) were less positive than the correlations with number of 

corpora lutea (rm 0.34 and 0.05, respectively). However, in the PBGCBE 

the correlations of breeding weight and days from 220 lbs. to breeding 



with numbe:r; of embryos (r • 0.17 and 0.30, respectively) were more 

positive than the correlations with number of corpora lutea (r = 0.10 

and 0~22, respectively). In the PBGCBE the regressions of breeding 

weight and days·from 220 lbs. to bl."eeding on number of embryos were 

0.017 ± ,01 and 0.037 + ,01, In the PBGPBE the regressions were all 

zero. 
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The fact .that breeding weight and days fn,m 220 lbs. to breeding 

are not as closely associated with the number of embryos for PBGPBE as 

for the PBGCBE may relate back to the correlation between number of 

corpora lutea and numbe.r of embryos which is 0,29 for the PBGCBE and 

0.37 for the PBGPBE. The correlations indicate that factors other than 

ovulation rate, such as breeding weight and days from 220 lbs. to 

breeding a:r;e more closely associated with the number of embryos for the 

PBGCBE. than for the PBGPBE. 

These data indicate that an increase in the size of the litter a 

gilt came from decreased the size of her first litter more for PBGPBE 

than for PBGCBE. An increase in average daily gain tended to increase 

the litter size for PBGPBE but not for PBGCBE, For PBGCBE, the breeding 

age, breeding weight and·days from 220 lbs. to breeding are positively 

and significantly correlated with number of embryos but are negatively 

and nonsignificantly correlated with number of embryos for PBGPBE, 

The col."relations among all traits for PBGPBE and PBGCBE are 

reported in Table XVI and XVI.I, respectively, in the appendi~. 
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The Relationship of Various Factors With the 

Number of Corpora Lutea and Number of 

Embryos for Purebred Gilts With 

Two-Breed Cross Embryos and 

Crossbred Gilts With 

Three-Breed Cross 

Embryos 

The purpose of this portion of the study was to compare the rela-

tive influence of various facto.rs on the number of corpora lutea and 

number of embryos for purebred gilts with two-breed cross embryos and 

two-breed cross gilts with three-breed cross embryos. It has generally 

been noted ,that.crossbred gilts are more productive than purebred gilts. 

!he means and standard deviations are reported in Table VIII. The 

means are quite similar for the two types of gilts except that the 

crossbred gilts grew slightly faster and were younger at 220 lbs. The 

crossbred gilts averaged 16 days younger at breeding. 

The pooled correlations are reported in Table IX and pooled regres-

sions are reported in Table x. The correlation between number of cor-

pora lutea and number of embryos was 0.48 for the crossbreds and 0.19 

for the purebreds• Similarly, Rathnasabapathy il &• (1956) and 

Squiers et al. (1952) reported correlations for number of corpora lutea ---- ,, 

and number of embryos of.0.47 and 0.17, respectively. 

In.this study, even though the purebred gilts ovulated an average 

of 0.43 more eggs than th.e crossbred gilts, the crossbred gilts had 

0.61 more embryos at 30 days of gestation. This is in agreement with 

Johnson & ·&· (197 3) who found two-breed cross gil te1 when compared to 



TABLE VIII 

MEANS AND STANDARD DEVIATIONS FOR ALL. TRAITS EVALUATED BY TYPE OF GILT 
FOR FALL 1971 AND SPRING 1972 BREEDING SEASONS 

Purebred Gilts with 2-Breed Cross Gilts with 
2-Breed Cross Embryos 3-Breed Cross Embrxos 

Standard Standard 
Mean Deviation Mean Deviation 

Number of Gilts 85 103 

Size of Litter Born In 10.88 2.85 10.33 2.25 

Size of Litter Weaned In 7.75 2.16 7. 77 1. 92 

Birth Weight, lbs. 2.82 0.56 2.72 0.52 

Weaning Weight, lbs. 23.61 5.48 23.77 4.96 

Avg. Daily Gain, lbs. 1.31 0.11 1.37 0~13 

Age at 220 lbs., days 189.81 15.09 184.59 12.85 

Probe at 220 lbs., in, 1.20 Q.14 1.24 0.15 

Breeding Age, days 272.08 24.10 256.38 22.01 

Breeding Weight, lbs. 265.58 26.13 262.49 26.51 

Slaughter Weight, lbs. 289.22. 27.92 288. 70 29. 77 

Days from 220 lbs, to Breeding 82.58 29.20 71. 79 24.97 

Number of Corpora Lutea 13.56 2.49 13.13 2.31 

Number of Embryos 10.12 3.08 10.73 2.98 
w 
I-' 



TABLE IX 

CORRELATIONS OF THE VARIOUS FACTORS WITH NO. OF CORPORA LUTEA AND :NO. OF EMBRYOS FOR 
PUREBRED AND 2-BREED CROSS GILTS FOR FALL 1971 AND SPRING 1972 BREEDING 

SESONS POOLED WITHIN BREED, YEAR AND SEASON 

Correlated Trait 

Size of Litter Born In 

Size of Litter Weaned In 

Birth Weight 

Weaning Weight 

Avg. Daily Gain 

Age at 220 lbs. 

Probe.at 220 lbs. 

Breeding Age 

Breeding Weight· 

Slaughter Weight 

Days from 220 lbs. to Breeding 

Number of Corpora Lutea 

ap < .05. 

Purebred Gilts with. 
2-Breed Cross Embryos 
No. of No. of 

Corpora Lutea Embryos. 

.050 

.011 

.151 

_.203 

.091 

-.103 

-.024 

.229a 

.295a 

.246a 

-.177 

-.118 

-.126 

.154 

.034 

-.003 

.094 

.024 

.131 

.052 

.024 

.192 

2-Breed Cross Gilts with 
3-Breed Cross Embryos 
No. of No. of 

Corpora Lu tea . Embryos 

-.056 -.088 

-.007 .080 

.253a .121 

.28la .352a 

.188 .124 

-.201 -.178 

-.048 .069 

-.035 .•. 052 

.455a .411 

.-443a 

.072 .137 

.483a 

w 
N 



TABLE X 

COEFFICIENTS OF REGRESSION OF NUMBER OF CORPORA LUTEA AND EMBRYOS ON THE VARIOUS FACTORS FOR 
PUREBRED AND CROSSBRED GILTS IN THE FALL 1971 AND SPRING 1972 BREEDING SEASON 

Independent Variable 

Size of Litter Born In 

Size of Litter Weaned In 

Birth Weight 

Weaning Weight· 

Avg. Daily Gain 

Age at 220 lbs. 

Breeding Age 

Breeding Weight 

Slaughter Weight 

Days from 220 lbs. to Breeding 

a + Standard et;"ror. 

POOLED WITHIN BREED, YEAR AND SEASON 

Purebred Gilts with 
2-Breed Cross Embryos 

No. of No. of 
Corpora Lutea Embryos 

.043 ± .099 a 
-.191 ± .120 

• 013 + .131 -.168 + .160 

.667 + .495 -.690 + .613 

• 092 + . 050 .087 + .063 

2.066 + .255 .952 + .317 

-.017 + .017 -.001 + .023 

.024 + .011 .003 + .014 

.028 + .010 .015 ±. .013 

---------- .006 + .012 

.021 + .009 .003 ± .012 

2-Breed Cross Gilts with 
3-Breed.Cross Embrios 

No. of 
Corpora Lutea Embryos 

-.058 + .108 -.117 + .139 

-.008 + .127 .124 ± .163 

1.116 + .451 .688 ± .598 

.131 + .047 .212 ± .059 

3.454 ± 1.898 2.932 ± 2.478 

-.036 + .019 -.041 + .024 

-.004 + .011 ~007 + .014 

.040 + .008 .045 + .• 011 

----------- .044 ±. .009 

.007 + .010 .01€, + .012 

w 
w 
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purebred gilts, had 0.50 fewer corpora lutea but 0.60 more embryos at 

30 days. Since all the embryos are crossbred, this might indicate that 

the uterine environment of the crossbred gilt is more favorable for 

early embryo survival. than .the uterine environment of the purebred gilt. 

Since it has been shown that ovulation rate increases during the first 

few estrus cycles, the fact that the crossbred gilts were 16 days, 

almost a full cycle, younger than the purebred gilts may explain their 

lower ovulation rate. 

The size of the litter a gilt was born or raised in accounted for 

a nonsignificant; amount of variation in number of corpora lutea in both 

purebred and crossbred gilts. The correlations between the size of lit-

ter .the gilt c~me from and number of embryos she.carried tended to be 

somewhat larger than the correlatio11,s with corpora lutea but they were 

still nonsignificant. The.correlations between the size of litter the 

gilt came from at weaning and the number of embryos were -.12 and 0.08 

for the purel;,red and crossbreds, respectively. An increase of one pig 

in the siz, of the litter a gilt was weaned in was associated with a 

I 

decrease of 0.17 ± .16 pigs for the purebred gilt litters but with an 

increase of -.12 ± .16 pigs fer the crossbred gilt litters. 

Young and Omtveclt (l973) found that the size of litter a gilt was 

farrowed in had more effect on her litter size than the size of litter 

she was weaned in. They found a correlation of -.13 between the size 

of litter she.was born in and the size of her first litter with an 

increase of one pig in tha litter at birth being associated with a de ... 

crease in her litter of 0,16 pigs. 

The correlations between the gilt's birth weight and the number of 

corpora lutea we;re O ,15 and O. 25 for purebreds and .crossbreds, 
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respectively ,;1.nd .the respectiVE!- correlations for birth, weight with 

number ofiembryos were -.13 and 0,12. An increase of 1 lb. in the 

gilt's b;lrth weight was associated with an increase in ovulation rate 

for purebred and crossbred gilts of 0.67 ± .50 and 1.12 ± .45 eggs, 

respectively, However, it was associated with a decrease of 0.69 ± .61 

embryos for the purebred gilts and an increase of 0.69 ± .60 embryos 

for the crossbred gilts, 

Young and Omtvedt (1973) found a correlation of 0.16 between a 

gilt's birth weight and the size of her first litter and an increase of 

1 lb, in birth weight resulted in an increase in the gilt's. litter of 

0.75 pigs, Rathnasabapathy .!.!.~· (1956) also found a positive corre­

lation between the gilt's birth weight and the size of her first litter 

(r .. 0,24) and an increase of l lb. :i.n birth resulted in 0.93 more 

embryos at the 55th day of gestation. 

The correlation of weaning weight·with number of corpora lutea 

was similar for purebred and crossbred gilts (r"" 0,20 and 0.28, re­

spectively) with th,e correlation for crossbreds being significant, The 

correlation of weaning weight with number of.embryos was larger for the 

crossbred gilts than for the purebred gilts (r = 0.35 and 0,15, respec­

tively), The regression of.weaning weight on number of corpora lutea 

and number of embryos was significant for the crossbred gilts (b • 

0.13 ± ,05 and 0.21 ± ,06, respectively) but not for the purebred 

gilts (b • 0.09 ± .05 and 0.08 ± ,06, respectively). 

Rathnasi:,1.bapathy .. ,!l il• (1956) found correlations of 0.33 and 0,15 

for weaning weight with number of corpora lutea and number of embryos 

and noted that an :j.ncrease of .10 lbs. in weaning weight was associated· 

with an .increase of 0.53 more embryos. Young and Omtvedt (1973) found. 
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a correla1:ion of 0.10 between the gilt's weaning weight and the number 

of embryos in her first litter and an increase of 10 lbs. in weaning 

weight increased litter size by 0~53 pigs, 

The correlations of average daily gain and age at 220 lbs. with 

ovulation rate for the purebred gilts (r = .09 and -.10, respectively) 

tended to be smaller than those for crossbred gilts (r = .19 and -.20, 

respectively). The same trend was noted for the correlation of average 

daily gain and age at 220 lbs. with number of embryos, with the corre­

lations being smaller for the purebred gilts (r = 0.03 and .OO, respec­

tively) than for the crossbred gilts (r = 0.21 and -.18, respectively). 

In general in both types of gilts, the faster gaining gilts that 

reached .. 220 lbs. at an e.arlier age had more corpora lutea and more 

embryos. This is in agreement with the results found by Squiers!:£..~· 

(1952), Rathnasabapathy _il !.!.· (1956) and Young and Omtvedt (1973). 

The regressions of number of corpora lutea and number of embryos 

on age at 220 lbs. were significant (P < .05) for crossbred gilts (b = 

-.04 ± .02 embryos and -.04 ± ,02 embryos, respectively) but not signi­

ficant for the purebred gilts (b • -.02 ± .02 embryos and .01 + .02 

embryos, respectively). An increas:e of 0.10 lb, in average daily gain 

was associated with an increase of 0.35 + ,20 corpora lutea and 0.29 ± 

.25 embryos for the crossbred gilts and an increase of 0.21 ± .03 cor­

pora lutea and 0~09 ± .32 embryos for the purebred gilts. 

Age at breeding was significantly correlated with number of corpora 

lutea for purebred gilts (r • 0.23) but not for crossbred gilts (r = 

- • 03). The correlation for the pui:ebred gilts was similar to the corre­

lation of 0.32 reported by Rathnasabapathy ~~· (1956) between breed­

ing age and.number of corpora lutea. In this study, when breeding. 



37 

weight was held constant; the correlation between breeding age and 

num.ber of corpora lu tea for purebred gilts became O. 09 and nonsignif i­

cant. This indica.tes that .the increase in ovulation rate was more a 

function of weight than of age. Age at breeding was not closely corre­

lated with number of embryos for either type of gilt. Similarly, 

Omtvedt .!!..&• (1965) and Stewart (1945) found that weight at breeding 

affected litter size more than did age at breeding. Squiers ll al. 

(1952) found a significant correlation of 0,31 between breeding age 

and litter size. 

The correlation of breeding weight with number of corpora lutea 

was 0.30 and 0.45 for the purebred and crossbred gilts, respectively. 

An increase of J.O lbs. in breeding weight was associated with an 

increase of 0.28 ± 0.10 and 0,40 ± 0,10 corpora lutea for the purebred 

and crossbred gilts, respectively. Breeding weight was significantly 

correlated with number of embryos for the crossbred gilts but not for 

the purebred gilts. Consequently, an.increase of 10 lbs. in breeding 

weight was associated with an increase in litter size of 0.46 ± 0.10 

embryos for the.crossbred gilts and only 0,15 + 0.10 embryos for the 

purebred .gilts. Omtvedt ll .,!tl:., (1965) found a correlation of 0.19 

between breeding weight and litter size and each 10 lb. increase in 

breeding weight resulte.d in 0.20 more pigs farrowed. 

Slaughter weight was significantly correlated with the number 

of embryos.for crossbred .gilts (r""' 0.44) but not for the purebred 

gilts. The regressicm of number of embryos on slaughter weight -was 

0.04 + .Ol embryos and significant for the crossbred gilts but only 

0.01 + .01 embryos and nonsignificant for the purebred gilts. 
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The correlation of days from 220 lbs. to breeding with number of 

corpora, lutea was significant and larger for the purebred gilts (r .. 

0.25) than for .the crossbred gilts (r • 0~07), However, the correlation 

of days from 220 lbs. to breeding with number of embryos was not.signi­

ficant for either group but was larger for the crossbred gilts than for 

the purebred giltl:l (r • 0.14 and 0.02, respectively). 

Most of the relationships pf the various factors with ovulation 

rate and number of embryos were similar for crossbred and purebred 

gilts. However, breeding age, breeding weight and days from 220 lbs, to 

breeding were significantly correlated with the number of corpora lutea 

for the purebred gilts but only the correlation between breeding weight 

and number of corpora lutea was significant for the crossbred gilts. 

When breeq.ing weight was held constant the correlat:i,on between breeding 

age and .numbe.r of corpora lutea .became nonsignificant for the purebred 

gilts. Birth weight and weaning weight had a significant effect on 

ovulat:i,on rate for the crossbred gilts but not for the purebred gilts. 

In the crossbred gilts only weaning weight, breeding weight and slaughter 

weight were significantly correlated witQ number of embryos and none of 

the. traits were significantly correlated with, numb.er of embryos for 

the purebred gilts. 

The correlations among all traits are reported in Tables XVII and 

XIX in the appendix for the purebred and crossbred gilts, respectively. 

Estimation of the Heritability of Number 

of Corpora Lutea 

Only the records of purebred gilts from sires that were. represented. 

by two or more daughters were utilized in this study. The analysis of 
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variance for all Duroc, Hampshire and Yorkshire gilts is shown in 

Table XI. In this AOV, replication was defined as breed of sire, year 

and season so as to remove the effects of these factors before looking 

at individual sires within each replication. The sire component of 

variance was negative thus yielding a negative estimate of heritability. 

In this analysis the dam component of variance accounted for 40 percent 

of the total variation.. These results are in agreement with those pre-

sented by Squiers & &· (1952) who concluded that sires had no influ-

ence on the ovulation rate of their daughters. Squiers et al. (1952) --
and Lasley (1972) also found that the maternal component of variance 

was larger than the paternal component. This indicates that there is a 

strong maternal influence on ovulation rate. 

Source 

Total 

REP a 

Sire/Rep 

Dam/Sire/Rep 

Error 

TABLE XI 

ANALYSIS OF VARIANCE.OF NUMBER OF CORPORA LUTEA 
FOR DUROC, HAMPSHIRE .AND YORKSHIRE GILTS 

Sum 
of Mean Variance 

DF Squares Square Component 

220 1245.249 5.660 6.309 

14 1~8.075 14.148 0.577 

52 288.649 5.551 -0.604 

79 520.051 6.583 2.553 

75 238.464 3.180 3.180 

aRep defined as year, seas.on and· breed of· sire. · 

Percent 
of 

Total 

100.00 

9.14 

0.0 

40.46 

50.40 
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The d~ ta were then divideQ int.o three groups based on breed; Duroc, 

Hampshire and· Yorkshire. The s.;1.me analysis of variance was used. except 

t.hat replication was defined only as year and seaeon. The purpose of 

this was to see if the sam~ results .could be obtained in each breed. 

The AOV's are reported ·in Tables XII, XIII anq XIV in the appendix. 

In.all three breeds, the sire components of variance were negative and 

the maternal component made up 29, 56, and 45 percent of the total· 

variance for the Duroc, Hampshire and Yorkshire breeds, respectively. 



CHAPTER V 

SUMMA.RY 

This study involved 241 purebred and, 103 two ... breed cross gilts 

from the first five breeding seasons of Project 1444 starting in the 

fall of 1970 through the fall of 1972. In the first, second and fifth 

breeding seasons• purebred gil t:s. were bred to carry. purebred or two­

breed cross embryos. In the third and fourth seasons, purebred gilts 

were bred to carry two-breed .embryos and two-breed cross gilts were 

bred to carry.three-breed cross ~mbryos. In each season one gilt from 

each sire. breed group was randomly.selected .to be slaughtered 30 days 

afte.r breeding. Th.e reproductive tracts were.collected and dissected 

so that all embryos could be removed, counted and measured. The 

ovaries were examined for corpora lutea and each corpus luteum was 

assumed to represent one ova shed. 

Among the 241 purebred gilts evaluated, average daily gain and age 

at 220 lbs, were significantly correlated (P < .05) with the number of 

corpora lutea (r • 0.15 and -.17, respectively) and an increase.of 0.10 

in postweaning daily gain resulted .in 0,28 more embryos. Breeding 

weight .and days from 220 lbs. to breeding were also significantly cor­

related with .number of,corpora lutea (r • 0.23 and 0.20, respectively). 

These results. indicate gilts that are heavier at weaning,· grow faster 

and reach 220 lbs. at an earlier age ovulate more eggs. Gilts that 

have more time between 220 lbs, and breeding and are heavier and older 

41 
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at breeding also ovulate more ova. 

In comparing 56 purebred gilts witQ purebred embryos (PBGPBE) with 

100 purebred gilts .with crossbred embryos (PBGCBE) many of the relation­

ships of the various factors with the number of embryos were different. 

Average daily gain tended to be correlated with number of embryos for 

PBGPBE but not for PBGCBE (r • .0.15 and .OO, respectively). An in­

crease of 10 days in age at breeding was associated .with a decrease 

of 0.17 ± .20 embryos for the PBGPBE but in an increase of .0.54 ± .15 

embryos for the PBGCBE, However, there was no close relationship be­

tween breeding weight an4 number of embryos for PBGPBE (r = -.03) while 

there was a tendency for an increase in breeding weight to be associated 

with an increase in litter size among PBGCBE (r = 0.17). The correla~ 

tion between days from 220 lbs. to breeding and number of embryos was 

0.30 (P < .05) for PBGCBE but only -.05 and nonsignificant. for PBGPBE. 

The correlations between .number of ,corpora lutea and number of embryos 

were 0.37 and 0.29 for the PBGPBE and PBGCBE; respectively. 

In comparing 103 two-breed cross gilts with 85 purebred gilts, 

most of the relationships of the various factors studied with ovulation 

rate and number of embryos were similar, The correlations for birth 

weight, weaning weight, average daily gain and breeding weight with the 

number of corpora lutea were larger for the two-breed cross gilts 

(r = 0.25, 0.28, 0.19 and 0.45, respectively) than for the purebred 

gilts. (r = 0 .05, 0. 20, 0. 09 and O. 29, respectively). When breeding 

weight was held constant, the.correlations between breeding age and 

number of corpora lutea were n~'tMignificant for both purebred and cross­

bred gilts. 
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Birth weight, tended .to be positively related with number of 

embryos in crossbred gilts (r • 0.12) but the relationship was negative 

for purebred gilts (r • - .12) • Among th.e two-breed cross gilts, the 

number of embryos were significantly correlated,with weaning weight, 

breeding weight and slaughter weight (r • 0.35, 0.44 and 0.48, respec­

tively) but these correlations were not as large for the purebred gilts 

(r • 0.15, 0.13 and 0.05, respectively). The correlation of number of 

corpora lutea with number of embryos was 0.48 and 0.19 for the cross­

bred and purebred gilts, respectively. 

The heritability of corpora lutea number was estimated to be zero. 

The sire component of variance was negative and the maternal component 

of variance accounted for 40 percent of the total. These results indi­

cate a strong maternal influence on ovulation rate, 
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TABJ:..E·XII 

ANALYSIS OF VARIANCE OF CORPORA LUTEA FOR DUROC GILTS 

Sum Percent 
of Mean Var.iance of 

Source DP Squares Square Component Total 

Total 93 485.202 5.217 5.568 100.00 
' a 4 0.480 8.62 Rep 55.719 13,930 

Sire/Rep 25 127.125 5.085 -0.246 o.o 
Dam/Sire/Rep 37 208.525 5.636 1~612 28.96 

Error 27 93,833 3.475 3.475 62.42 

a Rep .is defined as year and season. 

TABLE. XIII 
I 

ANALYSIS OF VARIANCE OF CORPORA LUTEA ~OR HAMPSHIRE GILTS 

Sum Percent 
of Mean Varianc,e of 

Source DP Squares Square Component Total· 

Te tal · 87 493.989 5.678 6.469 100.00 

Rep a 4 44,140 11.035 0,243 3.76 

Sire/Rep 25 155.098 6,204 -o. 721 o.o 
Dam/ Sire/Rep 30 221.286 7.376 3.602 55.68 

Error 28 73.464 2.624 2.264 40.56 

a Rep is defined at year and season~ 
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TABLE XIV 

ANALYSIS OF VARIANCE OF CORPORA LUTEA FOR YORKSHIRE GILTS 

Sum Percent 
of Mean Variance of 

Source DF Squares Square Component Total· 

Total· 58 288.712 4.978 6.500 100.00 

Rep 4 12.339 3,085 -0.169 o.o 
Sire/Rep 22 114.956 5.225 -1.387 o.o 
Dam/Sire/Rep 12 90.250 7.521 2, 941 45.25 

Error 30 71.167 3.558 3.558 54.75 



TABLE- XV 

CORRELATIONS FOR ALL TRAITS STUDIED FOR ALL DUROC, HAMPSHIRE 
AND YORKSHIRE GILTS FOR ALL SEASONSa 

Size of Size of Avg. 
Litter Litter Birth Weaning Daily Age at Probe at Breeding Breeding Slaughter 
Born In Weaned In Weight Weight Gain 220 lbs. 220 lbs. Age Weight Weight 

Size of Litter Born In 1.000 .492 -.159 -.076 -.041 .033 .053 .026 -.020 -.059 

Size of Litter Weaned In 1.000 .004 -.085 .007 .022 .074 .035 -.094 -.093 

Birth Weight 1.000 .379 .189 -.312 -.124 .122 .287 .357 

Weaning Weight 1.000 .292 -.531 -.004 -.013 .269 .334 

Avg. Daily Gain 1.000 -.910 .159 -.002 .498 .458 

Age at 220 lbs. 1.000 -.067 -.032 -.531 -.523 

Probe at 220 lbs. 1.000 -.129 -.008 .052 

Breeding Age 1.000 .388 .399 

Breeding Weight 1.000 .801 

-Slaughter Weight 1.000 

Days from 220 lbs. to Breeding 

No. of Corpora Lutea 

No. of Normal Embryos 

ad.f. = 226; if lrl > .129 then P < .05 that r = O. 

Days 
from 220 No. of 
lbs. to Corpora 
Breeding Lu tea 

-.002 .026 

.013 .032 

.287 .030 

.289 .109 

.521 .151 

-.601 -.170 

-.069 -.061 

.816 .123 

.619 .230 

.623 .183 

1.000 .198 

1.000 

No. of 
Normal 
Embryos 

-.113 

-.002 

-.065 

.090 

.044 

-.021 

.011 

.127 

.119 

.083 

.115 

.255 

1.000 

.i,,.. 
\0 



TABLE XVI 

CORRELATI0NS AMONG ALL TRAITS STUDIED FOR DUROC, HAMPSHIRE AND YORKSHIRE GILTS WITH 
PUREBRED EMBRYOS IN FALL 1970, SPRING 1971, FALL 1972 BREEDING SEASONS 

POOLED WITHIN BREED, YEAR AND SEASON'9: 

Days 
Size of Size of Avg. from 220 No. of 
Litter Litter Birth Weaning Daily Age at Probe at Breeding Breeding Slaughter lbs. to Corpora 
Born In Weaned In Weight Weight Gain 220 lbs. 220 lbs. Age Weight Weight Breeding Lu tea 

Size of Litter Born In 1.000 .385 -.196 -.082 -.196 .208 .233 .086 .005 -.013 -.059 .003 

Size of Litter Weaned In 1.000 .091 .ooo .127 -.008 .033 .093 .003 -.133 .-077 .100 

Birth-Weight 1.000 .399 .068 -.152 -.2.09 -.099 .• 219 .166 .015 .046 

Weaning Weight 1.000 .183 -.452 -.020 .066 .179 .231 .324 .034 

Avg. Daily Gain 1.000 -.893 .161 -.009 .404 .328 .532 .177 

.. Age at 220 lbs. 1.000 -.074 -.038 -.431 -.364 -.633 -.227 

Probe ~t 220 lbs. 1.-000 .113 .208 .216 .132 -.116 

Breeding Age 1.000 .3;1.2 .405 .·798 -.113 

· Breed,ing l.eight 1.000 .813 .502 .340 

Slaughter Weight 1.000 .533 .196 

.Days from 220 lbs. to Breeding 1.000 .049 

No. of Corpora Lutea 1.000 

No. of Normal Embryos 

ad.f. c 47; if lrJ > .279 then P < .05 that r ~ O. 

No. of 
Normal 
F.mbryos 

-.187 

.052 

-.041 

.016 

.158 

-.073 

-.155 

-.127 

-.028 

.019 

-.054 

.369 

1.000 

u, 
0 



TABLE. XVII 

CORRELATIONS AMONG ALL TRAITS STUDIED FOR DUROC, HAMPSHIRE AND YORKSHIRE GILTS WITH 
CROSSBRED EMBRYOS IN FALL 1970, SPRING 1971 AND FALL 1972 BREEDING SEASONS 

POOLED WITHIN BREED, YEAR A..~D SEASONa 

" Days 
Size of Size of Avg. from 220 No. of 
Litter Litter Birth Weaning Daily Age at Probe at Breeding Breeding Slaughter lbs. to Corpora 
Born In Weaned In Weight Weight Gain 220 lbs. 220 lbs. Age Weight Weight Breeding Lu tea 

Size of Litter Born In 1.000 .586 -.232 .041 -.051 .033 .oso -.195 -.230 -.247 -.176 .012 

Size of Litter Weaned In 1.000 -.010 .087 .003 -.027 .112 -.045 -.144 -.151 -.019 .010 

Birth Weight 1.000 .398 .113 -.262 -.055 .047 .233 .282 .196 -,103 

Weaning Weight 1.000 .270 -.549 .120 -.047 .250 .326 .295 .013 

Avg. Daily Gain 1.000 -.920 .235 -.028 .560 .SSS .535 .196 

Age at 220 lbs. 1.000 - .183 .005 -.580 -.608 -.602 -.197 

Probe at 220 lbs. 1.000 -.208 -.023 .051 -.055 -.051 

Breeding Age 1.000 • 307 .358 .796 .125 

Breeding we·ight 1.000 .783 .597 .101: 

Slaughter Weight 1.000 .654 .093 

Days from 220 lbs. to Breeding 1.000 .219 

No. of Corpora Lutea· 1.000 

No. of Normal Embryos 

·.~ 
ad.f. ~ 91; if l;l > .204 then P ~ .05 than r = O. 

No. of c 

Normal 
Embryos 

-.018 

.101 

-.020 

.056 

.001 

-.027 

.007 

,359 

.167 

.149 

.303 

.289 

1.000 

Vt ..... 



TABLE XVIII 

CORRELATIONS AMONG ALL TRAITS STUDIED FOR DUROC, HAMPSHIRE AND YORKSHIRE GILTS WITH 
CROSSBRED EMBRYOS IN FALL 1971 AND SPRING 1972 BREEDING SEASONS 

POOLED WITHIN BREED, YEAR AND SEASONa 

Days 
Size of Size of Avg. from 220 No. of 
Litter Litter Birth Weaning Daily Age at Probe at Breeding Breeding Slaughter lbs, to Corpora 
Born In Weaned In Weight Weight Gain 220 lbs. 220 lbs, Age Weight Weight Breeding Lu tea 

Size of Litter Born In 1.000 .456 -.055 -.158 .098 -.080 -.007 .178 .211 .105 .179 .050 

Size of Litter Weaned In 1.000 -.053 -.328 -.056 .098 .050 ,144 -.067 -.029 .063 .011 

Birth Weight 1.000 .344 .319 -.418 -.183 .309 .37l .532 .496 .151 

Weaning Weight 1.000 .315 -.491 -.113 -.016 .277 ,)45 .232 .203 

Avg, Daily Gain 1.000 -.938 .084 .017 .451 ,411 ,505 .091 

Age at 220 lbs. 1.000 .041 -.064 -.490 -.480 -.578 -.103 

Probe at 220 lbs. 1.000 -.167 -.077 -.008 -.170 -.024 

Breeding Age 1.000 .506 .460 .846 .229 

Breeding Weight 1.000 .811 .679 .295 

Slaughter Weight 1.000 .635 .241 

Days from 220 lbs. to Breeding 1.000 .246 

No. of Corpora Lutea 1.000 

No. of Normal Embryos 

ad.f, • 79; if lrl > .215 then P < ,05 than r • 0, 

No, of 
Normal 
Embryos 

-.177 

-.118 

-.126 

.154 

.034 

-.003 

,094 

.024 

.131 

.052 

.024 

.192 

1.000 

VI 
N 



·TABLE XIX 

CORRELATIONS FOR ALL TRAITS STUDIED FOR 2-BREED CROSS GILTS CARRYING 3-BREED EMBRYOS 
IN f~L 1971 AND SPRING 1972 BREEDING SEAS0NS POOLED 

WITHIN BREED, YEAR AND SEASONa 

Daya 
Size of Size of Avg. from 220 No. of 
Litter Litter Birth Weaning Daily Age at Probe at Breeding Breeding Slaughter lbs. to Corpora 
Born In Weaned In Weight Weight Gain 220 lbs. 220 lbs. Age Weight Weight Breeding Lutea 

Size of Litter Born In 1.000 .356 -.288 -.235 -.017 .055 .189 .039 -.213 -.219 .007 -.056 

Size of Litter Weaned In 1.000 -.142 .063. .161 -.159 .257 -.043 -.012 -.020 .044 -.007 

Birth Weight 1.000 .387 .224 -.289 -.210 .103 .3S4 .318 .240 .253 

Weaning Weight 1.000 .342 -.518 -~029 -.141 .42' .413. .143 .281 

Avg. Daily Gain 1.000 -.955 .071 .017 .340 .343 .506 .188 

Age at 220 lbs, 1.000 -.069 .IM-G -.347 -.340 -.4.74 -.201 

Probe at 220 lbs. 1.000 -.164 -.058 .004 -.10, -.048 

Breediq Age 1.000 .4JJ. .357 .8.51 -.035 

Breeding Wei&ht 1.000 .922 .559 .455 

Sla111hter Weight 1.000 .489 .490 

Days fro• 220 lbs to Breeding 1.000 .072 

No. of Corpora Lut!Ml 1.000 

No. of No~l F.abryo11 

ad.f. • 91; if irl > .204 then P < .05 than r • O. 

No. of 
lfor-1 
Embryos 

-.088 

.080 

.121 

.352 

.U4 

-.178 

-.069 

.o~:· 

.4U 

.443 

.137 

.483 

1.000 

Vt 
w 
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