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CHAPTER I 

INTRODUCTION 

In recent years, the number of small swine opera

tions has decreased, and the number of large confinement 

operations has increased. The use of confinement 

housing in swine operations has increased the efficiency 

of land and labor, but decreased the efficiency of the 

replacement gilt. Her efficiency is an important part 

of the breeding herds' efficiency, and depends on her 

reaching puberty, continuing regular estrous cycles and 

conceiving at first breeding. Rearing gilts in confine

ment places them in an environment different from their 

natural habitat. The environmental change, plus genetic 

changes resulting from selection for leanness, may have 

altered physiological and behavioral patterns in gilts. 

As of yet, no single factor or factors has been 

identified in the gilts' environment which causes her 

decreased reproductive efficiency in confinement. The 

environment in which other mammals live has been shown 

to change their reproductive behavior. Puberty is 

delayed in young females by the presence of other 

females in eight mammalian species. However, most of 

this research has been done with rodents. 
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Female mice housed with a male were younger at pu

berty than those housed without a male. Mice exposed to 

urine from an estrous, pregnant or lactating female 

reached puberty sooner. Female mice housed in groups 

reached puberty later compared to those housed singly. 

The female mice, housed in groups, produced a urinary 

pheromone which delayed puberty, and overrode the 

effects of the male and urine from females in estrus, 

pregnant or lactating. Any one of these effects could 

be occurring in the environment of the replacement gilt. 

The objective of this research was to gain new 

insight into the reproductive problems in replacement 

gilts reared in confinement. It is my hope that the 

results from this study will provide new and useful in

formation for swine production.· 



CHAPTER II 

LITERATURE CITED 

Acceleration of Puberty 

Many environmental factors have been shown to 

affect the pubertal development and sexual maturation of 

females. Most of the work in this area has been done 

with rodents, although some work has been done in other 

species. From work with rodents, four acceleratory fac

tors have been identified: presence of a male, urine 

from estrous females, urine from pregnant females and 

urine from lactating females. 

Rodents. Young female mice attained first vaginal 

estrus earlier when they are exposed to a male (physical 

presence), soiled bedding from a male, or a male behind 

a wire mesh (Vandenbergh, 1967, 1969). The exposure had 

the greatest effect when the femaie was 21 or 30 d of 

age. When young females were exposed to castrated 

males, they did not exhibit this acceleration of pu

berty. Exposing females to a male after weaning caused 

an earlier expression of first estrus compared to 

exposing them before weaning, yet both treatments 

reached puberty earlier than when females were not 

3 
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exposed to a male (Vandenbergh, 1967). Female rats 

exposed to a male also exhibited first vaginal estrus at 

an earlier age. As with mice, castrated male rats no 

longer have an acceleratory effect on puberty 

(Vandenbergh, 1976). 

Urine collected from female mice in estrus also 

accelerated puberty in young females, as did urine col

lected from pregnant or lactating mice. Urine from 

estrous females had its greatest effect on young females 

when they were exposed at 28 to 29 d of age. Young fe

males exposed to urine from pregnant or lactating 

females reached puberty earlier if they were exposed at 

27 d of age (Drickamer and Hoover, 1979; Hoover and 

Drickamer, 1979; Drickamer, 1982c, 1983, 1984a,b, 

1986b). Adult cycling females were in estrus longer 

when treated with urine from pregnant or lactating 

females (Hoover and Drickamer, 1979). 

The acceleration of puberty caused by a male was 

due to a urinary pheromone, plus synergistic social cues 

from the male. At least three days of exposure to the 

male or his urine were necessary to accelerate puberty. 

Data from Drickamer (1981) suggested that a male's 

previous sexual experience affects his ability to accel

erate puberty by his presence and the production of the 

urinary pheromone. Production of the male urinary pher-
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omone was dependent on androgen. Male mice which were 

castrated lost their ability to accelerate puberty in 

young females (Lombardi et al., 1976). Social subor

dination of males decreased their androgen concentra

tions and pheromonal potency in male mice (Vandenbergh, 

1987). The pheromone found in male urine was heat 

labile and not a product of bacterial action on the 

urine (Vandenbergh et al., 1975). It is contained in 

the non-dialysable fraction of urine, which suggests it 

is associated with the high molecular weight fraction of 

protein found in urine. The origin of the androgen

dependent urinary proteins was hepatic, suggesting that 

the liver and(or) kidney are likely to be involved in 

the metabolism and excretion of the pheromone (Lombardi 

et al., 1976). An alternate interpretation was that the 

pheromone was bound to a carrier protein (Vandenbergh et 

al., 1975). The pheromone was non-volatile, thus proba

bly transmitted through direct contact of the female 

with the male's urine (Vandenbergh et al., 1975). 

Jemiolo et al. (1985) have found two compounds, 2-sec

butyl-dihydrothiazole and dehydro-exo-brevicomin, unique 

to normal male urine. Castration drastically decreased 

their concentration, and injections of testosterone 

caused them to increase again. They were low molecular 

weight compounds that were volatile and airborne. When 
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both compounds were added to urine from a castrated 

male, females exhibited interest in the spiked urine, 

comparable to the interest given urine from intact 

males. synergism between these compounds was suggested 

because neither compound added alone to the urine had an 

effect. 

For urine from estrous females to elicit its accel

eratory effect on puberty, young females must be exposed 

to it for two or three days. The pheromone in the urine 

was influenced by density and dominance status, but not 

by food deprivation or shortened photoperiod, and was 

non-volatile (Drickamer, 1986b). Two or three days of 

exposure was also necessary for urine from pregnant or 

lactating females to be effective (Drickamer, 1984b, 

1986b). When urine was collected at different times 

during pregnancy and lactation, it was most effective in 

accelerating puberty at 8 to 13 and 14 to 19 d postplug 

and postpartum, respectively (Drickamer, 1983). There 

was no firm basis to argue that the chemosignal in the 

urine of pregnant and lactating females was different. 

The chemosignal existed in both bladder and excreted 

urine (Drickamer, 1983). The chemosignal stimulation 

may be related to the hormonal changes within mice 

during the various phases of their reproductive cycles 

(Drickamer and Hoover, 1979). The acceleratory effect 
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of urine from pregnant and lactating females was dimin

ished by increasing the density. Whether the females 

excrete a mixture of two chemosignals, one inhibitory 

and one acceleratory, or some other effects, has not 

been determined. 

The interval from collection of urine until it was 

used, seasonal variation and circadian variation in

fluenced the effectiveness of the puberty-accelerating 

pheromones in mice. Drickamer (1986a) found that male 

urine exhibited its acceleratory effect whether it was 

fresh, one, three, five or seven days old, or dried and 

reconstituted. However, urine from pregnant or lac

tating females was effective only if it was fresh or one 

day old. Urine from males showed an acceleration of 

puberty in the spring and summer, but not the autumn or 

winter (Drickamer, 1984d). The seasonal variation was 

possibly due to changes, either quantitative or quali

tative, in the urine chemosignal (Drickamer, 1984d) 

and(or) the seasonally varying sensitivity of young 

females to the urine (Drickamer, 1987b). Urine from a 

male had its most potent acceleratory effect when it was 

collected at 0600 h, though it had some effect, relative 

to controls, when collected at 0000 and 1200 h 

(Drickamer, 1982b). Also, the urine was most potent if 

the young females were treated with it at 0600 h. Urine 
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from estrous females was most effective when collected 

at 1200 and 1800 h (Drickamer, 1986b), while urine from 

pregnant or lactating females was most effective when 

collected at 0000 or 1800 h (Drickamer, 1984a). The 

urine from pregnant and lactating females had its most 

potent effect at all times, except between 0600 and 1200 

h. The chemosignal in urine from pregnant or lactating 

females was present in the urine at all times of the 

day, though whether it was produced and excreted at a 

relatively constant rate, or produced cyclically then 

excreted in a manner to equalize the concentration, has 

not been determined. 

Drickamer and Assman (1981) found that none of the 

methods of delivery to expose females to urine had an 

effect on first estrus as a technique alone. Urine from 

a male though, to cause acceleration of puberty, re

quired that the female have direct contact on the nares, 

or possibly via ingestion. As little as .0001 ml/d of 

male urine and .001 ml/d of urine from pregnant or 

lactating females was required to accelerate first 

estrus (Drickamer, 1984c). Urine from a male, pregnant 

female, lactating female, or any combination of these 
I 

caused a significant decrease in the age to first 

estrus, though the combinations did not enhance the 

effect of each alone (Drickamer, 1982a). 
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Apparently, mice accumulated the effects of expo

sure to urine (Drickamer, 1987a). When females were 

exposed to male urine by intermittant exposure, it was 

possible to cause an acceleration of puberty in less 

total time than the necessary two hours if the exposure 

was continuous. For both urine from a male and estrous 

female, total exposure of one hour accelerated puberty 

if the hour exposure time was within a four hour-period, 

or there were six to eight 15-min exposures within eight 

hours. A total exposure time to urine from pregnant or 

lactating females of one hour accelerated puberty if the 

hour was within a two-hour period. The relatively re

stricted total exposure time is possibly due to the high 

volatility of the urine from pregnant and lactating fe

males. The acceleration of puberty by intermittant 

exposure depended on the frequency of the exposure, 

total exposure time and total time period over which the 

exposures occurred (Drickarner, 1987b). 

Swine. Exposing prepuberal gilts to a mature boar 

caused a decrease in the age at first estrus (Brooks and 

Cole, 1970; Zimmerman et al., 1974; Hughes and Cole, 

1975, 1976; Thompson and Savage, 1978). The age of a 

gilt at first boar contact was the most important factor 

to determine the efficacy of boar stimulation to induce 

puberty (Kirkwood and Hughes, 1979). Zimmerman et al. 
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(1969) found that boar contact initiated when gilts were 

126 d of age led to an earlier attainment of puberty, 

compared to gilts at 103 d of age or without boar con

tact. Hughes and Cole (1976) noted a decreased age at 

estrus when gilts were introduced to a mature boar at 

160 and 190 d of age. Boar exposure initiated from 139 

to 167 d of age was found to decrease the age at 

puberty, while exposure at 174 and 181 d of age lead to 

an increased age at puberty (Kirkwood and Hughes, 1979). 

The induction of this precocious puberty had no effect 

on the gilts' subsequent reproductive performance 

(Hughes and Cole, 1976; Kirkwood and Hughes, 1979; 

Eastham et al., 1986b) and does not cause habituation to 

males (Kirkwood and Hughes, 1979). Estrus was synchro

nized when boar contact was initiated at 160 to 165 d of 

age (Brooks and Cole, 1970; Hughes and Cole, 1976; 

Paterson and Lindsay, 1980; Eastham et al., 1986b). 

Neither rotation of boars nor continuous exposure 

improved the response of gilts above that obtained with 

a single boar (Hughes, 1982). Gilts receiving recorded 

boar chant, with or without fence-line contact with a 

barrow, were younger at puberty compared to gilts 

receiving no treatment. Also, recorded boar chant, boar 

exposure, and physical contact with a barrow produced 

similar ages at puberty (Kinsey et al., 1976). 
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Gilts reared with intact males were younger at 

first estrus compared to gilts reared with castrates, 

regardless of whether they were later introduced to a 

mature boar or not (Paterson and Lindsay, 1980). 

Hemsworth et al. (1982) found that gilts reared near a 

mature boar had an increased mating rate (defined as the 

proportion of the number of successful copulations to 

the number of estruses). No difference in the age at 

puberty was detected when rearing gilts with fence-line 

contact with a boar, olfactory/aural contact, or no boar 

contact (Eastham et al., 1986a). When gilts were 

relocated at 160 d of age and exposed to a boar daily, 

those housed with other gilts and adjacent to a boar did 

not differ in age at puberty to gilts having fence-line 

contact with a boar (Eastham and Cole, 1987). 

The breed of a gilt also caused a decreased age at 

first estrus. Clark et al. (1970) found that Poland 

China gilts reached puberty sooner than Yorkshire gilts. 

Also, crossbred gilts were younger at puberty than pure

bred gilts. Christenson and Young (1978) and Ford and 

Christenson (1979) found that Landrace reached puberty 

sooner, Hampshire and Large White were intermediate, and 

Duree and Yorkshire reached puberty later. Hughes 

(1982) though, noted variable age differences within 

breeds. 
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Though conflicting data on the effects of season of 

birth on puberty exist (Hughes, 1982), Mavrogenis and 

Robison (1976) found that fall-born gilts attained pu

berty at an earlier age than spring-barn gilts. A 

greater proportion of gilts reared during the winter, 

compared to the summer, were cyclic by nine months of 

age (Ford and Christenson, 1979). 

Gilts subjected to minimal transportation stress 

were older at puberty than gilts subjected to maximum 

transportation stress, even though both groups were then 

exposed to a boar (Wodzicka-Tomaszewska et al., 1984). 

It was also suggested that minimizing stress reduced the 

boar effect in the induction of puberty (Wodzicka

Tomaszewska et al., 1984). The combination of transport 

stress and boar exposure was associated with 77% of the 

females ovulating by 198 d of age (Wodzicka-Tomaszewska 

et al., 1987). When boar exposure alone was utilized, 

only 29% of the females ovulated by 198 d of age, due to 

insufficient adrenal and pituitary stimulation, as in

dicated by low plasma concentrations of luteinizing 

hormone, cortisol and prolactin. Transportation effects 

on puberty may not be effective until the gilt is near 

puberty (Hughes, 1982). Gilts relocated at 160 d of age 

were younger and lighter at puberty (Eastham and Cole, 
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1987). The age at relocation has not been shown to af

fect subsequent reproductive performance (Eastham et 

al., 198Gb). 

Boar saliva has been shown to contain the 16-

androstene steroids, 3a-androstenol and Sa-androstenone, 

known as signalling pheromones. The ability of boars to 

accelerate puberty in gilts has been shown to depend 

upon age. It was suggested that boars should be 10 to 

11 me of age when used to accelerate puberty in gilts, 

which corresponds to the time when appreciable concen

trations of the 16-androstene steroids are found 

(Kirkwood et al., 1983). Results were unable to provide 

conclusive evidence that the 16-androstene steroids were 

primer pheromones, though the largest number of gilts 

reaching puberty were in the 3a-androstenol treatment 

group (Kirkwood et al., 1983). Normal concentrations of 

the 16-androstene steroids in the saliva of boars is 

essential for maximum puberty stimulation; yet, exposure 

to sialectomized (without salivary pheromones) boars was 

thought to stimulate puberty relative to no exposure. 

Exposing females to androgenized castrates was less 

effective in stimulating puberty because their saliva 

contained negligible amounts of the 16-androstene ster

oids. Exposure to the androstene steroids alone was not 

effective though. Auditory cues probably played a minor 
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role in the induction of puberty. Tactile cues appeared 

necessary for the olfactory cues to exert their primer 

effects. The olfactory stimulation appears to be a 

combination of a yet unidentified compound(s) in boar 

urine, and the 16-androstene steroids in boar submaxil

lary saliva (Pearce and Hughes, 1987). 

Other mammals. Reviews by Marchlewska-Koj (1984) 

and Vandenbergh (1988) documented male acceleration of 

puberty in young females in the following mammals: 

prairie deer mice, collared lemmings, meadow voles, 

prairie voles, sheep, hopping mice, Norway rats, 

tamarins and Indian field mice. Urine from a male rat 

shortened the estrous cycle of females, as did urine 

from male guinea pigs. Female prairie voles, after 

exposure to a single drop of male urine, showed an 

increase in luteinizing hormone-releasing hormone in the 

olfactory portion of the brain, which may also occur in 

the house mouse (Vandenbergh, 1987). When a ram was 

introduced into a ewe flock at the end of the anestrous 

season, there was a synchronization and acceleration of 

ovulation in the ewes. The source of the ram pheromone 

has not been determined (Marchlewska-Koj, 1984). The 

presence of a bull shortened the postpartum interval in 

mature cows (Zalesky et al., 1984). Heifers treated 

with bull urine reached puberty earlier than those 
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treated with water, and thus calved earlier (Izard and 

Vandenbergh, 1982). These results support the hypothe

sis that bull urine contained a priming pheromone. Its 

effects are presumed to be mediated by the olfactory 

system. Cattle have a well-developed vomeronasal organ, 

but no one has found evidence that it is the receptor 

for the priming pheromone. 

Inhibition of Puberty 

Inhibitory, as well as acceleratory, factors have 

an influence on pubertal development. Factors which 

inhibited puberty in young females have been shown to 

have an overriding effect on the acceleratory factors. 

Rodents. Urine collected from grouped females de

layed first vaginal estrus in young females (Drickamer, 

1974, 1977, 1982c). The delay in puberty was seen when 

the young females were exposed to urine or soiled 

bedding from grouped females. The density and duration 

of the grouping were important factors in determining 

the effectiveness of this type of urine. As the density 

in a cage increased, so did the effect of the urine from 

the grouped females (Drickamer, 1974, 1977; Coppola and 

Vandenbergh, 1985). The delay in sexual maturity was 

roughly proportional to the number of females per group 

(Drickamer, 1982c), though at least four females per 
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cage were needed for the production of this delaying 

effect (Drickamer, 1974, 1982c). The duration of the 

grouping and density did not interact; their effects 

were additive and the mechanism involved a pheromone 

(Coppola and Vandenbergh, 1985). The maturation

delaying pheromone was found in the bladder urine of 

both singly and grouped caged females, but in the 

excreted urine of the grouped caged females only 

(Drickamer and Mcintosh, 1980; Drickamer, 1982c). Urine 

from grouped females, regardless of their age or repro

ductive history, delayed puberty (Drickamer, 1977, 

1982c). Likewise, the pheromone was found in the blad

der urine of all females, regardless of their age or 

reproductive history (Drickamer, 1982c). 

Young mice exposed to urine from grouped wild mice 

attained puberty later than controls. Urine collected 

from a feral population in December (when the population 

was three times as large as in the spring), delayed pu

berty in female laboratory mice. An increase in density 

was correlated with the production of the inhibitory 

substance(s) in female urine. Changes in the ability of 

the urine to delay puberty coincided with changes in the 

population density and seasonal changes (decreased 

photoperiod and temperature, and the varying presence 



and abundance of plants and animals; Massey and 

Vandenbergh, 1980). 
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More than three days of exposure to urine from 

grouped females was necessary for it to delay puberty 

(Drickamer, 1977). The urine showed its greatest effect 

when young females were exposed to it starting at 21 or 

24 d of age. Drickamer (1977) suggested that the 

maturation-delaying pheromone temporarily blocks or 

slows down the ongoing process of sexual development in 

the young females. Grouping mice as sibs or nonsibs, or 

cross-fostering, has no effect on the delay of puberty 

by urine from grouped females (Drickamer, 1982c). 

Social interaction and tactile cues were necessary for 

the production of this maturation-delaying pheromone 

(Drickamer, 1974); however, physical contact and 

interaction with the grouped females produced no 

additional delay in puberty than that achieved by the 

urinary pheromone itself (Drickamer, 1977). Coppola and 

Vandenbergh (1985) found that a female stops excreting 

the pheromone within 10 d of removal from the group, 

which was evidence against the direct control of the 

adrenals. It suggested though, that the adrenals were 

acting on some target tissue(s) that required several 

days of stimulation before influencing the release of 

the pheromone. It appeared that two pheromones were 



18 

excreted from grouped females--one which delayed puberty 

in young females and another which influenced estrous 

cycles in adults (Drickamer, 1981). 

As little as .0001 ml/d of urine from grouped fe

males was sufficient to delay puberty in young females 

(Drickamer, 1984c). The overall effectiveness of this 

urine was dependent upon the age of the stimulus, season 

and circadian rhythms. Urine which was fresh, or one or 

three days old caused a delay in puberty (Drickamer, 

1986a). A delay in puberty by urine from grouped 

females occurred during the fall, winter and early 

spring (Drickamer, 1984c). Again, this seasonal 

variation was possibly due to quantitative or quali

tative changes in the chemosignal, or changes in the 

sensitivity of the young mice. The urine from grouped 

females was most potent at delaying puberty when it was 

collected at 0000 h, though collections at other times 

were potent, relative to controls (Drickamer, 1982b). 

Whether the chemosignal present was produced at all 

times and released depending on a circadian oscillator, 

or both its production and release were coupled to 

hormones with circadian rhythms has not been determined. 

Drickamer and Assman (1981) found that none of the 

methods of delivery of urine from grouped females had an 

effect on first estrus attainment, and that since the 
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effect on first estrus attainment, and that since the 

pheromone was moderately volatile, did not require 

direct contact with the young female to have its 

delaying effects. However, Vandenbergh (1987) suggested 

that the pheromone was received by the vomeronasal 

organ, which implied direct contact with the urine for 

it to cause its effects. 

When urine from grouped females was mixed with 

urine from males, pregnant females or lactating females, 

it still caused a delay in puberty (Drickamer, 1982a). 

When urine was combined as male + grouped + lactating, 

male + grouped + pregnant or grouped + lactating + 

pregnant, an inhibition of puberty was still observed. 

In all cases, urine from the grouped females took 

precedence and caused a delay in puberty (the chemo

signal in the urine overrode those in the other types of 

urine). 

ovariectomy of grouped females has no effect on 

their ability to produce the maturation-delaying phero

mone (Drickamer and Mcintosh, 1980; Novotny et al., 

1986). Homogenates of urine containing the delaying 

pheromone and urethras from singly caged females did not 

delay puberty, suggesting some type of blocking factor 

was secreted along or in association with the urethra of 

singly caged females to alter the delaying pheromone 
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(Drickarner and Mcintosh, 1980). Ovariectomy had no ef

fect on the blocking action of urethras. Puberty was 

not delayed in females painted with either bladder or 

excreted urine from singly caged or grouped adrenal

ectomized females. The work by Drickarner and Mcintosh 

(1980) supported the conclusion that adrenal hormones 

were necessary, directly or indirectly, for the 

production and(or) excretion of the maturation-delaying 

pheromone and that the blocking effect a~sociated with 

urethras from singly caged females was not affected by 

adrenalectomy. In a study by Novotny et al. (1986), 

urine from singly caged or grouped adrenalectomized 

females had no delaying effect on puberty. When it was 

spiked with a specific ketone, acetate esters and a 

pyrazine at concentrations normally found in urine, it 

delayed puberty. The delay appeared with the pyrazine 

alone, the acetates alone or both together, but not with 

the ketones alone. 

Swine. Rearing gilts in confinement has been shown 

to decrease the percent of gilts that are cyclic by nine 

months of age (Christenson and Ford, 1979; Ford and 

Christenson, 1979; Christenson, 1981, 1986; Rarnpacek et 

al., 1981, 1984). Thus, gilts reared in confinement 

were older at puberty (Ford and Christenson, 1979; Caton 

et al., 1986). The decreased proportion of confinement-
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reared gilts attaining puberty by eight to nine months 

of age was not due to ovulation without exhibiting 

estrus, but rather to delayed ovarian function (Rampacek 

et al., 1981). Gilts reared in confinement though, 

experienced a higher incidence of behavioral anestrus 

(Christenson and Ford, 1979; Christenson, 1981; 

Faillace, 1985; Hawkins, 1986). If a boar was 

introduced to confinement- and nonconfinement-reared 

gilts, those in confinement showed a larger interval 

from the start of the boar exposure to puberty (Caton et 

al., 1986; Hawkins, 1986). 

According to Barnett and Hemsworth (1986), there 

were two types of stress. Acute stress, which was due 

to short-term stress (i.e., new environment, 

transportation, etc.) and elicited a short-term 

response. Chronic stress though, was due to continuous 

stress. Rampacek et al. (1981) found that adrenal gland 

weight and body weight were the same in confinement- and 

nonconfinement-reared gilts, suggesting confinement does 

not cause stress. Barnett and Hemsworth (1986) also 

found no difference in free plasma corticosteroid 

concentrations between gilts reared indoors and 

outdoors. If confinement-reared gilts were stressed, it 

would be expected that there would be a decreased body 

weight and(or) increased adrenal weight, a higher basal 
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cortisol and progesterone concentration and a decreased 

prolactin concentration (Rampacek et al., 1984). None 

of these occurred, suggesting that the confinement

induced delay in puberty is not caused by chronic 

stress. 

A decrease in the proportion of gilts reaching pu

berty by nine months of age has been noted in gilts 

reared during the summer (Christenson and Ford, 1979; 

Ford and Christenson, 1979; Christenson, 1986). Cronin 

(1982) found that summer-reared gilts experience a 

higher incidence of weak estrus. 

Gilts reared in confinement, where manure was al

lowed to accumulate, reached puberty later than gilts 

reared in confinement where the pens were cleaned bi

weekly and fans ran twice as long (Malayer et al., 

1987). In another study (Zimmerman et al., 1988), were 

manure was allowed to accumulate, gilts tended to reach 

puberty later than gilts reared in confinement where 

pens were flushed three times a day and fans ran twice 

as long. Both studies suggested that manure gases may 

have an inhibitory effect on puberty attainment. Data 

from studies by Clark et al. (1985b) and Faillace (1985) 

suggested that gilts in confinement, reared twelve per 

pen, may produce a urinary pheromone that delayed first 

estrus and first ovulation. However, Hawkins (1986) 



found no effect on age at first estrus and ovulation 

when gilts were treated three times weekly with urine 

collected from crowded gilts (twelve per pen). 
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Many researchers (Mavrogenis and Robison, 1976; 

Ford and Teague, 1978; Christenson and Ford, 1979; Clark 

et al., 1985b; Faillace, 1985) have shown no effects of 

density, floor space or composition of the group on the 

age to puberty in gilts. However, Clark et al. (1985b) 

and Faillace (1985) found that non-reaggregated gilts 

were older at first estrus. Cronin (1982) found that 

crowding increased the incidence of silent estrus. 

Rearing gilts individually or three per pen decreased 

the proportion of cyclic gilts by nine months of age 

(Christenson, 1984, 1986) and increased the proportion 

of anestrous gilts (Christenson, 1984). Barnett and 

Hemsworth (1986) found that chronic stress occurred in 

gilts reared in two per pen, as opposed to four or eight 

per pen. In another experiment, they noted chronic 

stress in gilts reared six per pen, when the space per 

pig was one square meter, compared to two or three 

square meters. They suggested that the physiological 

stress in confinement may be the result of an unstable 

social relationship. Gilts reared 16 per pen had lower 

adrenal gland, pituitary, brain, dry-brain, uterine and 

ovarian tissue weights compared to gilts reared in eight 
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per_ pen, suggesting that group size may affect the 

development of the endocrine organs involved in repro

duction (Rahe et al., 1987). 

Other mammals. While exposure to an adult male has 

been shown to decrease age at puberty, prolonged 

exposure to male family members [father and(or) 

brothers] delayed development in California voles. 

Young Mongolian gerbils remaining in cages with their 

pregnant mother matured slower than those housed with 

their non-pregnant mother or siblings. A similar 

finding was noted in deer mice. The small amount of 

data available on female-female interactions in voles 

suggested that pregnant and non-pregnant adult females 

delayed uterine development in young female prairie 

voles (Rissman and Johnston, 1986). Reviews by 

Vandenbergh and Coppola (1986) and Vandenbergh (1988) 

noted the delay of puberty in young females was due to 

interactions with adult conspecific females (prairie 

deer mice, California voles, prairie voles, hopping 

mice, Mongolian gerbils, common marmosets, saddle-back 

tamarins and pine voles). 

Sensory Perception 

Karlson and Luscher (1959) defined pheromones as 

"substances which are secreted to the outside of an 
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individual and received by a second individual of the 

same species, in which they release a specific 

reaction." Pheromones are divided into two types: 

signalling and primer (Bronson, 1971). Signalling 

pheromones cause a more or less immediate change in the 

motor activity of the recipient. Primer pheromones 

trigger neuroendocrine and endocrine activity. Both are 

involved in reproduction. 

Several pathways of chemosensory access to the cen

tral nervous system have been described. One mediated 

the chemosignal effects on physiology at the vomeronasal 

organ and projects through the accessory olfactory sys

tem, while the other mediated the chemosignal effects on 

behavior at the olfactory epithelium and projects 

through the main olfactory system (Lepri et al., 1985). 

The main olfactory system has been shown to be well 

developed in most mammals and was the primary receptor 

for airborne chemosignals. The acceleration of puberty 

due to the male was caused by a rapid release of 

luteinizing hormone (LH), followed in a few hours by a 

20-fold increase in serum estradiol-17~. In the effect 

of grouped females though, evidence suggested a blocking 

of LH secretion and an enhancing of prolactin (Prl) 

secretion. At least in the mouse, primer pheromones 

have been shown to fine-tune reproductive events or 
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processes via hormonal pathways limited to either LH or 

Prl (Bronson, 1982). 

Vandenbergh et al. (1975) determined that the 

pheromone in male urine was non-volatile. The pheromone 

from estrous females was found to also be non-volatile 

(Drickamer, 198Gb), while the pheromones in urine from 

pregnant, lactating and grouped females were found to be 

moderately volatile (Drickamer, 1986a). Non~volatile 

compounds have access to the lumen of the vomeronasal 

organ, as do low-volatile compounds (Wysocki, 1982). 

Kaneko et al. (1980) suggested that the vomeronasal 

pathway mediates the pheromone-induced effect of early 

puberty attainment in mice, and that the vomeronasal or

gan was important for the suppression of estrus in 

grouped females. Lepri et ·al. (1985) showed that 

vomeronasalectomized males still produced the puberty

accelerating pheromone. Vomeronasalectomized grouped 

females no longer produced the puberty-delaying phero

mone, implying that the vomeronasal system was involved 

in the mechanism of excreting the puberty-delaying pher

omone. Also, the vomeronasalectomized grouped females 

tended to not exhibit a suppression of estrus. Wysocki 

(1982) tentatively concluded, at least for the guinea 

pig, that urine was transported to the vomeronasal organ 

where the compound(s) in the urine stimulate receptors 
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which provide the central nervous system with informa

tion. Reproductive events primed by pheromones which 

depend on an intact vomeronasal organ include male in

duction of estrus in the rat and mouse, reduction of 

estrous cycle length in the rat, blockage of pregnancy 

in the mouse, suppression of estrus in grouped female 

mice, and induction of the puberty-inhibiting pheromone 

in the mouse (Vandenbergh, 1988). 

Statement of Problem 

Boar exposure has been shown to decrease the age at 

puberty in gilts (Brooks and Cole, 1970; Zimmerman et 

al., 1974; Hughes and Cole, 1975, 1976; Thompson and 

Savage, 1978). A decreased age at puberty would greatly 

increase the reproductive efficiency of the replacement 

gilt, thereby making her profitable in a shorter amount 

of time. However, the increased age at puberty caused 

by rearing gilts in confinement (Ford and Christenson, 

1979; Caton et al., 1986) overshadows the positive 

effects of boar exposure, leaving the replacement gilt 

less profitable to keep. 

The need for replacement gilts to become profitable 

by becoming a part of the breeding herd, taking into 

consideration the effects of boar exposure and housing, 

led to the objectives of the first experiment. The 
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objectives were to determine the effects of boar 

exposure and three types of housing, one of which was a 

new idea, and their interactions, on the age at first 

estrus in gilts. 

While a limited amount of information was available 

on the effects of social environment on puberty in swine 

(Clark et al., 1985b; Faillace, 1985; Hawkins, 1986) and 

other mammals (Rissman and Johnston, 1986; Vandenbergh 

and Coppola, 1986), the effects of social environment on 

puberty in rodents has been well documented 

(Vandenbergh, 1967, 1976; Drickamer, 1977; Hoover and 

Drickamer, 1979; Drickamer and Mcintosh, 1980; 

Drickamer, 1981, 1982a,c, 1984a,b, 1986b). 

From these results, it was hypothesized that urine 

from estrous sows might decrease age at first estrus in 

gilts, and that urine from sows in the luteal phase of 

their cycles would have no effect. Therefore, the 

objectives of the second experiment were to determine 

the effects of urine from sows in estrus and in the 

luteal phase on age at first estrus, compared to the 

effects of water and boar exposure, serving as negative 

and positive controls, respectively. 



CHAPTER III 

EFFECTS OF HOUSING SYSTEMS AND BOAR 

EXPOSURE ON AGE AT FIRST ESTRUS 

AND OVULATION IN GILTS 

Abstract 

The objective of this experiment was to determine if 

interactions existed between type of housing and boar 

exposure for average daily gain (ADG), age at first 

estrus (FE) and first ovulation (FO) and ovulation rate 

(OR). Crossbred gilts (n=120) were allocated to a 3 

(housing) X 2(boar exposure) X 2(replicate) factorial 

experiment at 69 d of age. Housing systems were: non

confinement (NC)--gilts in 27.4 x 9.1 m dirt lots, 

confinement outside (CO)--gilts in 3.7 x 2.1 m pens on 

concrete slotted floors and confinement inside (CI)-

gilts in 3.7 x 2.1 m pens in a building with concrete 

slotted floors. Boar exposure was initiated when the 

gilts were 161 d of age. Housing systems were compared 

as: NC vs. co + CI and co vs. cr. Housing and boar 

exposure interacted for ADG (P <.004). In the boar 

exposed (BE) group, ADG decreased from gilts housed in 

co (.65 kg) to those housed in CI (.61 kg); however, in 

the non-boar exposed (NBE) group, the inverse was 
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observed (.54 vs .60 kg). Housing and boar exposure 

interacted for age at FE (P <.007) and FO (P <.006). 
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The difference between NBE and BE gilts in age at FE was 

46 d for co compared to 15 d for cr. Housing and boar 

exposure interacted for OR (P <.05). The difference 

between NBE and BE gilts in OR was 1.3 greater for co 

compared to 1.0 fewer for CI. Both housing systems and 

boar exposure play important roles in puberty attainment 

in gilts. 

Introduction 

A successful swine breeding unit must be reproduc

tively efficient. Today's total confinement swine 

operations have enhanced the overall efficiency of land 

and labor, but have decreased the efficiency of the 

replacement gilt. Confinement reduced by as much as 50% 

the number of gilts reaching puberty by nine months of 

age (Christenson and Young, 1978; Christenson and Ford, 

1979; Christenson, 1981; Rampacek et al., 1981). 

Rampacek et al. (1984) reported that delayed puberty was 

not caused by chronic stress. 

Exposing prepuberal gilts to a mature boar 

decreased age at puberty (Brooks and Cole, 1970; 

Zimmerman et al., 1969, 1974; Hughes and Cole, 1975, 

1976; Hughes, 1982). The objectives of this study were 
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to determine if interactions existed between type of 

housing and boar exposure for average daily gain {ADG), 

age at first estrus {FE), age at first ovulation {FO), 

ovulation rate {OR), and body weight at first estrus. 

Materials and Methods 

One hundred-twenty crossbred gilts were randomly 

assigned to a completely random design with a 3 

{housing) X.2 {boar exposure) X 2 {replicate) factorial 

arrangement of treatments {table 1). The gilts were the 

result of a four breed rotational cross involving the 

Landrace, Yorkshire, Duree and Hampshire breeds. All 

gilts were born in confinement and weaned at an average 

of 29 d. After weaning they were transferred to nursery 

pens, also in confinement, where they remained another 

40 d. Two replicates of 60 gilts were randomly assigned 

after the nursery phase to the following main effect 

treatments: housing and boar exposure. Gilts were 

excluded from the experiment if any one of the following 

was observed at the time of assignment: umbilical 

hernia, structural unsoundness, infantile vulva or if 

body weight at the end of the nursery phase was less 

than 16.7 kg. 



TABLE 1. EXPERIMENTAL DESIGN (EXP. 1) 

Boar Housingb 
exposurea Replicate NC co CI 

1 6c 11e 11e 
NBE 

2 6 10d,e gf 

1 6 11d 12 
BE 

2 6 12 11e 

a BE=boar exposed, NBE=nonboar exposed. 
b NC=nonconfinement, CO=confinement outside, CI=confine-

ment inside. 
c Number of gilts/pen. 
d One gilt failed to show estrus by 330 d of age. 
e One gilt died before showing estrus. 
f Three gilts failed to show estrus by 330 d of age. 
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Replications consisted of using gilts born in two 

groups that were farrowed 21 d apart during the months 

of January and February, 1987. 

The housing factor was initiated at the end of the 

nursery phase (avg. age= 69 d). Gilts (6 per pen) were 

randomly allocated to either nonconfinement (NC), con

finement outside (CO) or confinement inside (CI). The 

NC housing consisted of dirt lots (27.4 x 9.1 m) 

provided with a shelter. The CO housing consisted of 

pens (3.7 x 2.1 m) outside with raised concrete slotted 

floors under a roof. Manure and urine were washed from 

under these pens once a week. The CI housing consisted 

of pens (3.7 x 2.1 m) in a modern, environmentally 

controlled finishing building with concrete slotted 

floors and a flush waste handling system. Manure and 

urine were flushed from under these pens four times per 

day. Pens consisted of six gilts, composed of at least 

50% novel members. Gilts were kept in their respective 

housing treatment until first estrus was observed or the 

gilts were 330 d of age at which time the experiment was 

terminated. 

Boar exposure (BE) was initiated when the gilts 

averaged 161 d of age and continued until first estrus 

was observed or the gilts were 330 d of age. Gilts in 

the BE group were taken to a mature boar for 15 min 



daily. The gilts in the nonboar exposed (NBE) group 

were isolated from boars and the boar exposed gilts. 
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The NBE and BE gilts in the co housing treatment were 

reared on opposite sides of a large metal building. 

Gilts in the CI housing treatment were reared in 

separate wings of the finishing building with BE gilts 

in one wing and NBE gilts in another wing. Besides 

being physically separated, the rooms had separate flush 

and ventilation systems to prevent any cross 

contamination of the treatment groups. The first used 

boar became disinterested in the gilts about three weeks 

after initiation of the BE treatment in the first 

replicate (coincided with the initiation of BE in the 

second replicate} and was replaced with another boar. 

In the BE group, first estrus was determined when 

the gilts exhibited the lordosis response in the 

presence of a mature boar (Signoret, 1970} and allowed 

the boar to mount. The NBE group was observed daily for 

vulvar swelling. If vulvar swelling was detected, the 

gilt was tested by the back-pressure test (Hemsworth et 

al., 1982). If a gilt responded positively to the back

pressure test, she was removed from the pen and taken to 

a boar for confirmation of behavioral estrus. 

First ovulation and ovulation rate were determined 

by performing a laparoscopic examination on each of the 
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gilts' ovaries during the luteal phase of the first 

estrous cycle. The laparoscopy was performed as pre

viously described (Faillace, 1985). Corpora lutea were 

counted on each ovary along with corpora albicantia when 

they were present. If corpora albicantia were observed, 

it was determined that an undetected or silent estrus 

had occurred, in which case 20 d were subtracted from 

age at FE to estimate age at FO. 

Body weight at puberty was recorded for each gilt 4 

d after first estrus. Gilts were excluded from 

reproductive trait analysis if they failed to exhibit 

first estrus before they were 330 d old (n=5) or if they 

died before first estrus (n=4, table 1). 

Gilts were fed a 16% protein sorghum-soybean meal 

diet ad libitum from the time they left the nursery 

until they were 161 d of age. At this time they were 

fed a 14% protein sorghum-soybean meal diet ad libitum 

until 220 d of age. From 220 d of age until the end of 

the experiment gilts were limit fed 1.82 kg of the 14% 

protein diet. From 69 to 220 d of age, gilts were fed 

from a three hole self feeder (74.3 em in length). 

After 220 d of age, gilts were fed on the ground or in a 

trough. Body weights were recorded at birth, weaning, 

start of experiment and 4 d after first estrus. 
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The data were analyzed by analysis of variance 

(Steel and Terrie, 1980) using the General Linear Models 

procedure (SAS, 1985). The factors analyzed included: 

housing, boar exposure, replicate, and all possible in

teractions. The reproductive traits (age at first 

estrus, age at first ovulation and ovulation rate), were 

analyzed using gilt as the experimental unit. Body 

weight at first estrus was analyzed as above with body 

weight at start of experiment used as a covariate. The 

covariate was used to adjust the differences in weight 

of gilts at start of the experiment. The two degrees of 

freedom for housing were resolved into a set of ortho

gonal contrasts: 1) NC vs. co + cr and 2) co vs. cr. 

Results 

Average daily gain. Average daily gain was 

affected by housing, boar exposure and replicate (table 

2 and appendix table 5) • Gilts reared in NC had a 

greater (P <.03) ADG than gilts reared in co and cr. 

Gilts in the BE group had a greater (P <.001) ADG com-

pared to those in the NBE group. Gilts reared in repli

cate (REP) 2 had a greater (P <.001) ADG than gilts in 

REP 1. The boar exposure x housing interaction also 

affected (P <.004) ADG (figure 1). Within the BE group, 

gilts reared in co had a greater ADG than those reared 



Contrast or 
main effect 

Housinga 
NC 

co 

CI 

TABLE 2. LEAST-SQUARES MEANS FOR THE 
EFFECT OF BOAR EXPOSURE, HOUSING AND 

REPLICATE FOR AVERAGE DAILY GAIN 
(ADG), AGE AT FIRST ESTRUS (FE) 

AND FIRST OVULATION (FO) 
AND OVULATION RATE (OR) 

ADG, 
kg 

.64 
(22)b 

.60 
(41) 
.61 

FE, 
d 

235 
(19) 
249 
(39) 
247 

FO, 
d 

233 
(19) 
247 
(39) 
246 

OR 

11.4 
(19) 
10.7 
(39) 
9.5 

NC vs CO+Cl 
(37) * 

.64 VS .60 
( 41) * 

235 vs 248 
(19, 80) 

249 VS 247 
(39, 41) 

(41) * 
233 VS 247 

(41) * 
11.4 vs 10.1 

CO VS Cl 
(22, 78) 

.60 vs .61 
(41, 37) 

Boar ExposureC 
BE vs NBE .65 vs .55*** 

Replicated 
R1 vs R2 

SE 

(54, 45) 

.59 VS .65*** 
(56' 44) 

.92 

229 vs 259*** 
(53, 46) 

248 vs 239 
(53, 46) 

.04 

(19, 80) 
247 VS 246 

(39, 41) 

228 vs 256*** 
(53, 46) 

247 vs 237 
(53, 46) 

9.25 

(19, 80} * 
10.7 vs 9.5 

(39, 41} 

10.6 vs 10.5 
(53, 46) 

10.2 vs 10.8 
(53, 46) 

9.39 

a NC=nonconfinement, CO=confinement outside, CI=confinement inside. 
b Numbers in parentheses were number of gilts that contributed to each mean. 
c BE=boar exposed, NBE=nonboar exposed. 
d R1=replicate 1, R2=replicate 2. 
* p <.05. 
** p <.01. 
*** p (.001. 
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FIGURE 1. LEAST-SQUARES MEANS FOR 
THE INTERACTION (P <.004) 
OF HOUSING AND BOAR EXPO
SURE ON AVERAGE DAILY 
GAIN. CO=CONFINEMENT OUT
SIDE,CI=CONFINEMENT IN
SIDE; BE=BOAR EXPOSED, 
NBE=NONBOAR EXPOSED. 
NUMBERS INSIDE BARS ARE 
THE NUMBER OF GILTS THAT 
CONTRIBUTED TO EACH MEAN. 
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in CI; within the NBE group, the inverse was observed. 

Average daily gain was also affected (P <.008) by the 

boar exposure x housing x replicate interaction (figure 

2). The greatest response in ADG (.78 kg) was observed 

in the BE gilts housed in NC of REP 2, whereas, the 

least response (.54 kg) was observed in the NBE gilts 

housed in confinement (CO+CI) of REP 1. All other 

values (.59 to .64 kg) were intermediate. 

Age at first estrus and ovulation. The type of 

housing a gilt was reared in affected age at first 

estrus and age at first ovulation (table 2 and appendix 

table 6). The age at first estrus of gilts reared in NC 

was 13 d younger (P <.05) than the age of gilts reared 

in confinement (CO+CI). Gilts reared in NC were also 

younger (P <.04) at first ovulation than gilts in 

confinement. 

Boar exposure affected (P <.001) age at first 

estrus and first ovulation (table 2). Gilts that were 

exposed to a boar 15 min daily were about 30 d younger 

at first estrus and about 28 d younger at first ovula

tion compared to NBE gilts. 

Housing and boar exposure interacted to affect age 

at first estrus (P <.007; figure 3) and age at first 

ovulation (P <.006; figure 4). Within the BE group, age 

at first estrus and first ovulation increased from gilts 
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FIGURE 2. LEAST-SQUARES MEANS FOR THE 
INTERACTION (P <.008) OF BOAR 
EXPOSURE, HOUSING AND REPLI
CATE ON AVERAGE DAILY GAIN 
(SE=.041). BE=BOAR EXPOSED, 
NBE=NONBOAR EXPOSED; NC=NON
CONFINEMENT, CO=CONFINEMENT 
OUTSIDE, CI=CONFINEMENT IN
SIDE; REP !=REPLICATE 1, REP 
II=REPLICATE 2. THE NUMBERS 
LOCATED BELOW AND IN THE TOP 
OF EACH BAR ARE THE WEIGHTS 
IN KILOGRAMS. NUMBERS INSIDE 
BARS ARE THE NUMBER OF GILTS 
THAT CONTRIBUTED TO EACH MEAN. 

2 

40 



FIRST ESTRUS 
SE=9.25 

•r-------------------------~ 

272 

255 

19 

BE NBE 

FIGURE 3. LEAST-SQUARES MEANS FOR 
THE INTERACTION (P <.007) 
OF HOUSING AND BOAR EXPO
SURE ON AGE AT FIRST 
ESTRUS. CO=CONFINEMENT 
OUTSIDE, CI=CONFINEMENT 
INSIDE; BE=BOAR EXPOSED, 
NBE=NONBOAR EXPOSED. NUM
BERS IN BARS ARE THE NUM
BER OF GILTS THAT CONTRI
BUTED TO EACH MEAN. 
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FIGURE 4. LEAST-SQUARES MEANS FOR 
THE INTERACTION (P <.006) 
OF HOUSING AND BOAR EXPO
SURE ON AGE AT FIRST OVU
LATION. CO=CONFINEMENT 
OUTSIDE, CI=CONFINEMENT 
INSIDE; BE=BOAR EXPOSED, 
NBE=NONBOAR EXPOSED. NUM
BERS INSIDE BARS ARE THE 
NUMBER OF GILTS THAT CON
TRIBUTED TO EACH MEAN. 
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reared in CO to gilts reared in CI; however, in the NBE 

group, the inverse was observed. 

A three-way interaction existed with boar exposure, 

housing and replicate, affecting age at first estrus 

(P <.008; figure 5) and age at first ovulation (P <.01; 

figure 6). For age at first estrus within the BE gilts 

in REP 1, the confinement reared (CO+CI) gilts were 37 d 

younger than the NC reared gilts, whereas, in REP 2, the 

confinement reared gilts were 13 d older than the NC 

reared gilts. Within the NBE gilts in REP 1, the 

confinement reared gilts were 23 d older than the NC 

reared gilts, whereas, the difference in REP 2 between 

the confinement and NC reared gilts was only 4 d (figure 

5). Very similar differences were observed for age at 

first ovulation (figure 6). 

ovulation rate. Gilts reared in NC had a greater 

(P <.04) OR than those reared in confinement (table 2 

and appendix table 7). Gilts reared in CO had (P <.04) 

1.2 more ovulations compared to gilts reared in CI 

(table 2). 

The interaction between housing and boar exposure 

affected (P <.05) OR. A 2.3 difference in ovulation 

rate was observed between the co and CI groups in the 

NBE gilts as compared to a .2 difference in the BE group 

(figure 7). 
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FIGURE 5. LEAST-SQUARES MEANS FOR THE 
INTERACTION(P <.008) OF BOAR 
EXPOSURE, HOUSING AND REPLICATE 
ON AGE AT FIRST ESTRUS 
(SE = 9.25). BE=BOAR EXPOSED, 
NBE=NONBOAR EXPOSED; NC=NONCON
FINEMENT, CO=CONFINEMENT OUTSIDE, 
CI=CONFINEMENT INSIDE; REP I= 
REPLICATE 1, REP II=REPLICATE 2. 
THE NUMBERS LOCATED BELOW AND IN 
THE TOP OF EACH BAR ARE THE AGES 
IN DAYS. NUMBERS INSIDE BARS ARE 
THE NUMBER OFGILTS THAT CONTRI
BUTED TO EACH MEAN. 
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FIGURE 6. LEAST-SQUARES MEANS FOR THE 
INTERACTION(P <.01) OF BOAR 
EXPOSURE, HOUSING AND REPLICATE 
ON AGE AT FIRST OVULATION 
(SE = 9.39). BE=BOAR EXPOSED, 
NBE=NONBOAR EXPOSED; NC=NONCON
FINEMENT, CO=CONFINEMENT OUTSIDE, 
CI=CONFINEMENT INSIDE; REP 1= 
REPLICATE 1, REP II=REPLICATE 2. 
THE NUMBERS LOCATED BELOW AND IN 
THE TOP OF EACH BAR ARE THE AGES 
IN DAYS. NUMBERS INSIDE BARS ARE 
THE NUMBER OF GILTS THAT CONTRI
BUTED TO EACH MEAN. 
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FIGURE 7. LEAST-SQUARES MEANS FOR 
THE INTERACTION (P <.05) 
OF HOUSING AND BOAR EXPO
SURE ON OVULATION RATE. 
CO=CONFINEMENT OUTSIDE, 
CI=CONFINEMENT INSIDE; 
BE=BOAR EXPOSED, NBE= 
NONBOAR EXPOSED. NUM
BERS INSIDE BARS ARE 
THE NUMBER OF GILTS THAT 
CONTRIBUTED TO EACH MEAN. 
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Ovulation rate was also affected (P <.04) by an 

interaction between housing and replicate (figure 8). 

Within the NC reared gilts, those in REP 2 had a higher 

OR than those in REP 1; however, within the confinement 

reared (CO+CI) gilts, the inverse was observed. 

The number of gilts ovulating before first estrus 

was 7 of 99. Of these, only 1 was in the BE group, 

while the other 6 were in the NBE group. Three gilts in 

the CO housing treatment ovulated before first estrus, 

while 2 gilts in both the NC and CI housing treatments 

ovulated before first estrus. 

Weight at first estrus. Using the weight at the 

start of the experiment as a covariate, none of the fac

tors analyzed affected (P >.21, appendix table 7) body 

weight at first estrus (avg. = 127, SE = 17.71 kg). 

Discussion 

Average daily gain. The data indicate that average 

daily gain was affected by housing and boar exposure. 

Gilts reared in nonconfinement had a higher average 

daily gain then gilts reared in confinement (CO+CI). 

Explanations for this could be the space per pig, floor 

type or air quality. Boar exposed gilts had a higher 

average daily gain compared to nonboar exposed gilts. 

McGlone et al. (1986) reported an improved ADG for the 0 
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FIGURE 8. LEAST-SQUARES MEANS FOR 
THE INTERACTION (P <.04) 
OF HOUSING AND REPLICATE 
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to 28 d finishing period when pigs were sprayed with 

aerosolized androstenone (Sa-androst-16-en-3-one). 

Although the gilts in the present study were older, the 

androstenone from the boar could have been a factor in 

the increased average daily gain observed in the boar 

exposed gilts. 

The boar exposure x housing interaction affected 

average daily gain. The greater average daily gain seen 

in the boar exposed gilts reared in confinement outside 

could be due to a combination of androstenone and the 

environment (i.e., more active to keep warm, frightened 

by people, etc.). Average daily gain was also affected 

by the boar exposure x housing x replicate interaction. 

Although the interaction of boar exposure and housing 

could be explained by the size of the pens and andro

stenone, the reasons for the interaction of these with 

replicate were not readily apparent. 

Age at first estrus and ovulation. Past experi-

ments have reported an increase in age at puberty in 

confinement reared gilts (Christenson and Young, 1978; 

Christenson and Ford, 1979; Christenson, 1981; Rampacek 

et al., 1981; Faillace, 1985; Caton et al., 1986; 

Hawkins, 1986). In the present study, the gilts housed 

in the CI group were representative of the confinement 

reared gilts in previous studies. Here too, age at 
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first estrus was increased in confinement reared gilts. 

The gilts reared in the CO housing responded like those 

in the CI groups, in that their age at first estrus and 

first ovulation was increased. 

Boar exposure was initiated when the gilts averaged 

161 d of age, which is the reported optimum age for re

sponse to a boar (Brooks and Cole, 1970; Hughes and 

Cole, 1976; Kirkwood and Hughes, 1979). ·Exposing gilts 

to a mature boar was effective in stimulating the onset 

of puberty in nonconfinement and confinement reared 

gilts, which is in agreement with previous research 

(Zimmerman et al., 1969, 1974; Brooks and Cole, 1970; 

Mavrogenis and Robison, 1976; Thompson and Savage, 1978; 

Paterson and Lindsay, 1980). The boar exposure of 15 

min daily used in the present experiment is different 

than that reported by Kirkwood and Hughes (1980), who 

found that 30 min to be equivalent to continuous 

exposure. 

Although boar exposure was effective in reducing 

age at first estrus when compared to nonboar exposed 

gilts housed in either CO or CI, previous research has 

indicated that gilts receiving boar exposure respond 

differently in confinement than when reared in noncon

finement. One hypothesis which may explain this 

finding, is that boar exposure may not be able to 
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overcome the inhibitory stimulus of confinement. Two 

other hypotheses which may explain this finding include 

the effects of stress and social environment. Rarnpacek 

et al. (1984) concluded that delayed puberty associated 

with confinement was not caused by chronic stress. 

Wodzicka-Tomaszewska et al. (1984) suggests that 

minimizing stress reduces considerably the boar effect 

in induction of puberty. In another study (Wodzicka

Tomaszewska et al., 1987), transport stress combined 

with exposure to boars resulted in ovulation in 77% of 

the females while only 29% of the females ovulated when 

exposed to boars only. Current research though, has not 

determined if confinement housed gilts are in an envi

ronment devoid of stress. 

Age at first estrus and first ovulation were af

fected by the boar exposure x housing x replicate inter

action. Within the boar exposed group, the increased 

age at puberty in the nonconfinement reared gilts, 

compared to the confinement (CO+CI) reared gilts, in 

replicate one, was due to the fact that the first boar 

used did not provide enough stimulus to accelerate 

puberty. The increased age at puberty noted in the 

other treatments was in agreement with previous research 

(Ford and Christenson, 1979; Caton et al., 1986). 
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Ovulation rate. Gilts reared in confinement 

(CO+CI) had a lower ovulation rate than gilts reared in 

nonconfinement. Although CO was not used, a study by 

Hawkins et al. (1986) found no effect of housing (non

confinement and confinement) on ovulation rate. 

The difference of 2.3 in ovulation rate within the 

confinement reared (CO+CI) gilts which were boar ex

posed, cannot be explained. The ovulation rate would be 

expected to be similar, as was the case in the nonboar 

exposed gilts. 

Housing and replicate interacted to affect ovula

tion rate. However, in previous experiments (Faillace, 

1985; Hawkins, 1986), ovulation rate was not affected by 

boar exposure, housing, replicate or any interactions, 

so the difference observed in ovulation rate in the 

present experiment was unexpected. 

In other reports which have indicated behavioral 

anestrus (Rampacek et al., 1981; Christenson and Ford, 

1979), the range was from 3% to 28% in confinement 

reared gilts. In the present study, the incidence of 

behavioral anestrus was 7.1%, which was in agreement 

with other reports, but differed from that reported by 

Faillace (1985) and Hawkins (1986), who reported 32% and 

30.5% behaviorally anestrous gilts, respectively. The 

present study differed from that of Faillace (1985) in 
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that all the gilts in his study were reared in confine

ment, then relocated to nonconfinement and boar exposed. 

The present study also differed from that of Hawkins 

(1986) in that the confinement outside housing was not 

utilized in his study. The results of the present study 

are contradictory to the results of Mavrogenis and 

Robison (1976) who have reported that boar exposure 

increased the incidence of behavioral anestrus and 

Cronin (1982) who reported a higher incidence of weak 

estrus in summer-reared gilts. 

Weight at first estrus. None of the factors ana

lyzed affected body weight at first estrus, using the 

weight of the gilts at the start of the experiment as a 

covariate. 

In summary, age at first estrus and first ovulation 

were affected by boar exposure and housing, with boar 

exposed gilts being younger when reared in confinement 

outside; whereas, nonboar exposed gilts were younger 

when reared in confinement inside; although, gilts 

reared in nonconfinement were younger than either, 

overall. The differences observed between the 

nonconfinement and confinement (CO+CI) housed gilts 

could be due to floor type or space per pig. Generally, 

co housed gilts were superior to those in CI; however, 



this type of housing may be too labor intensive to be 

feasible to implement. 
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Further experimentation that addresses the effects 

of confinement housing on puberty attainment in gilts 

should be considered. Slotted concrete slats could be 

put on dirt lots (size of nonconfinement lots) to study 

the effects of space per pig. Curtains could be used to 

study the effects of varying daylengths and light inten

sities. The concentrations of ammonia and hydrogen 

sulfide in the manure could also be measured. Also, the 

endocrine response to different types of stressors 

(i.e., people, cars, cold, boars, etc.) could be 

determined. These suggestions and this thesis should 

provide unique information to the existing knowledge of 

puberty in confinement housed gilts. 



CHAPTER IV 

URINE FROM ESTROUS SOWS FAILED TO HASTEN 

ONSET OF FIRST ESTRUS AND OVULATION 

IN PREPUBERAL GILTS 

Abstract 

The objectives this experiment were to determine if 

urine from estrous sows would hasten the onset of estrus 

in prepuberal gilts as does boar exposure. Crossbred 

gilts (n=64) were allocated to a 4 (treatment) X 2 (rep

licate) factorial experiment at 166 d of age. Treat

ments consisted of 1 ml of either H20, LPU or EU daily, 

on the gilts' nostrils, or 15 min of daily BE. All 

gilts were kept in confinement pens (3.7 x 2.1 m) with 

concrete slotted floors in a modern, environmentally 

controlled finishing building. All treatments were 

initiated when the gilts avg 166 d of age. The treat

ments were compared as: H20 vs. LPU, EU vs. BE and 

H20+LPU vs. EU+BE. Gilts in the BE treatment had a 

greater (P <.001) average daily gain compared to the EU 

treatment (.65 vs .41 kg). Gilts in the BE treatment 

were younger (P <.02) at first estrus (FE) and first 

ovulation (P <.05, FO), compared to gilts in the EU 

treatment (239, 239, 264, 261 d; respectively). Gilts 
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in the EU and BE treatment were younger at FE (P <.001) 

and FO (P <.002) than gilts in the H20 and LPU treat

ment. Gilts in the H20 and LPU treatment had a higher 

(P <.007) weight at FE compared to gilts in the EU and 

BE treatment, using a covariate. Boar exposure plays an 

important role in puberty attainment in gilts, but urine 

from estrous and luteal phase sows appears to not play a 

role. 

Introduction 

The social environment in which an animal was 

reared can drastically affect its reproductive perfor

mance. Young female mice exposed to a male, urine from 

a male or soiled bedding from a male attained first 

vaginal estrus at an earlier age (Vandenbergh, 1967, 

1969). The "male effect" was also observed in young 

female rats (Vandenbergh, 1976) and young gilts (Brooks 

and Cole, 1970; Zimmerman et al., 1974). Other studies 

with mice have shown that urine from an estrous, 

pregnant or lactating female also caused an acceleration 

of puberty (Drickamer and Hoover, 1979; Hoover and 

Drickamer, 1979; Drickamer, 1982c, 1983, 1984a,b, 

1986b). Urine from grouped females though, caused a 

delay in first vaginal estrus (Drickamer, 1974, 1977, 

1982c). Reports on gilts have shown conflicting 
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results. Studies by Clark et al. (1985b) and Faillace 

(1985) have suggested that crowded gilts produced a 

urinary pheromone that delayed puberty, while Hawkins 

(1986) found no effect of urine from crowded gilts. 

The conclusive evidence in rodents, and incon

clusive evidence in swine led to the objectives of this 

study which were to determine if an acceleratory effect 

on age at first estrus exists due to estrous urine or 

luteal phase urine, as compared to boar exposure and 

water, respectively. 

Materials and Methods 

Sixty-four crossbred gilts were randomly assigned 

to a completely random design with a 4 (treatment) X 2 

(replicate) factorial arrangement of treatments (table 

3). The gilts were the result of a four breed rota

tional cross involving the Landrace, Yorkshire, Duree 

and Hampshire breeds. All gilts were born in confine

ment and reared in confinement pens (3.7 x 2.1 m) in a 

modern, environmentally controlled finishing building 

with concrete slotted floors and a flush waste handling 

system. Pens consisted of eight gilts composed of at 

least 50% novel members. Two replicates of 32 gilts 

were randomly assigned to a treatment, where they were 

kept until first estrus was observed or the gilts 



TABLE 3. EXPERIMENTAL DESIGN (EXP. 2) 

Treatmenta 

Replicate LPU EU BE 

1 

2 8 

a H20=distilled water, LPU=luteal phase urine, EU=es-
trous urine, BE=boar exposure. 

b Number of gilts per pen. 
c One gilt failed to show estrus by 330 d of age. 
d Two gilts failed to show estrus by 330 d of age. 
e Three gilts failed to show estrus by 330 d of age. 
f One gilt died before showing estrus. 
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reached 330 d of age at which time the experiment was 

terminated. 

The replication factor consisted of using gilts 

born in two groups that were farrowed 21 d apart 

beginning the end of July, 1987. 
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The treatments were initiated when the gilts 

averaged 166 d of age and 74.7 kg body weight. Gilts 

were randomly allocated to either distilled water (H20), 

urine from sows in the luteal phase (LPU), urine from 

sows in estrus (EU) or boar exposure (BE). The H20, LPU 

and EU treatments consisted of misting about 1 ml of 

distilled water or urine (at room temperature) daily 

from a hand held spray bottle onto the gilts' nostrils. 

The BE treatment consisted of taking the gilts to a 

mature boar for 15 min daily. The LPU treatment was 

accomplished by collecting voided urine from sows 

between 0800 and 1200 h, on d 8 to 15 of the cycle, as 

they voluntarily urinated. The EU treatment was accom

plished in a similar manner, except that the urine was 

collected on the day of estrus. Collected urine was 

pooled within treatment and frozen. Later, urine was 

thawed and allocated into amounts needed for the 

treatments, then stored at -20 °C until subsequently 

used. Freezing urine has been shown not to affect the 

activity of mouse urine (Lombardi et al., 1975). 



Gilts in the BE treatment were housed on the 

opposite side of the finishing building from those in 

the other treatments. Gilts in the H20, LPU and EU 

treatments were separated by having a pen of neutral 

pigs between them. 
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In the BE treatment, first estrus was determined 

when the gilts exhibited the lordosis response in the 

presence of a mature boar (Signoret, 1970) and allowed 

the boar to mount. In the H20, LPU and EU treatments, 

gilts were observed daily for vulvar swelling. If 

vulvar swelling was detected, the gilt was tested by the 

back-pressure test (Hemsworth et al., 1982). If a gilt 

responded positively to the back-pressure test, she was 

removed from the pen and taken to a boar for confirma

tion of behavioral estrus. 

First ovulation and ovulation rate were determined 

by performing a laparoscopic examination of the gilts' 

ovaries during the luteal phase of the first estrous 

cycle. The laparoscopy was performed as previously 

described (Faillace, 1985). Corpora lutea were counted 

on each ovary along with corpora albicantia, when they 

were present. If corpora albicantia were observed, it 

was determined that an undetected or silent estrus had 

occurred, in which case 20 d were subtracted from age at 

first estrus to estimate age at first ovulation. 
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Gilts were excluded from reproductive trait analy

sis if they failed to exhibit first estrus before they 

were 330 d old (n=10) or if they died before first 

estrus (n=1; table 3). 

Gilts were fed a 14% protein sorghum-soybean meal 

diet ad libitum until 220 d of age. From 220 d of age 

until the end of the experiment gilts were limit fed 

1.82 kg of this diet. From 166 to 220 d of age, gilts 

were fed from a three hole self feeder (74.3 em in 

length). After 220 d of age, gilts were fed in a 

trough. Body weights were recorded at time of allotment 

to treatment and 4 d after estrus. 

The data were analyzed by analysis of variance 

(Steel and Terrie, 1980) using the General Linear Models 

procedure (SAS, 1985). The factors analyzed included 

treatment, replicate and the treatment x replicate in

teraction. The reproductive traits (age at first 

estrus, age at first ovulation and ovulation rate) were 

analyzed using gilt as the experimental unit. Body 

weight at first estrus was analyzed as above with body 

weight at start of experiment used as a covariate. The 

covariate was used to adjust for differences in weight 

of gilts at start of the experiment. The three degrees 

of freedom for treatment were resolved into a set of 
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orthogonal contrasts: 1) H20 vs. LPU, 2) EU vs. BE and 

3) H20+LPU vs. EU+BE. 

Results 

Average daily gain. Gilts in the BE treatment had 

a greater (P <.001) ADG from an avg of 166 d to first 

estrus, compared to gilts in the EU treatment (table 4 

and appendix table 8). 

Age at first estrus and ovulation. The effects of 

the treatments on FE and FO are shown in table 4 (and 

appendix tables 9 and 8, respectively). Gilts in the 

BE treatment were younger at FE (P <.02) and FO (P <.05) 

compared to gilts in the EU treatment. 

Gilts in the H20 and LPU treatments were older at 

both FE (P <.001) and FO (P <.002) compared to gilts in 

the EU and BE treatments. 

ovulation rate. None of the treatments affected 

(P <.07, appendix table 9) ovulation rate (avg., 9.8; 

pooled SE, 1.1). 

The number of gilts ovulating before first estrus 

was 4 of 53. Of these, 2 were in the H20 treatment and 

2 were in the EU treatment. 

Weight at first estrus. Using the weight at the 

start of the experiment as a covariate, the comparison 

of H20+LPU vs EU+BE affected (P <.007) weight at first 



Contrast or 
main effect 

Treatmenta 
HzO 

EU 

LPU 

BE 

HzO vs LPU 

EU vs BE 

HzO+LPU 
vs 

EU+BE 

Replicate' 
R1 vs R2 

SE 

TABLE 4. LEAST-SQUARES MEANS FOR THE 
EFFECT OF DISTILLED WATER, ESTROUS 

URINE, LUTEAL PHASE URINE, AND BOAR 
EXPOSURE ON AVERAGE DAILY GAIN 
(ADG), AGE AT FIRST ESTRUS (FE) 

AND FIRST OVULATION (FO) AND 
WEIGHT AT FIRST ESTRUS (WFE) 

ADG, FE, FO, WFE, 
kg d d kg 

.51 277 274 130 
(14)b (14) (14) (14) 
.41 264 261 118 

( 11) (12) ( 11) ( 11) 
.49 275 275 127 

(12) (12) (12) (12) 
.65 239 239 119 

(15) (15) (15) (15) 
.51 vs .49 277 vs 275 274 VS 275 130 vs 127 
(14, 12) (14, 12) (14, 12) (14' 12) 

.41 vs .65*** 264 vs 239* 261 VS 239* 118 VS 119 
(11, 15) ( 12' 15) (11, 15) (11, 15) 

.50 vs .53 276 VS 252** 274 vs 250** 128 vs 118* 
(26, 26) (26, 27) (26, 26) (26, 26) 

.50 vs .52 264 vs 263 264 vs 260 122 vs 124 
(28, 24) (29, 24) ( 29' 24) (28' 24) 

.11 10.1 10.6 10.6 

a HzO=distilled water, EU=estrous urine, LPU=luteal phase urine, BE=boar 
exposure. 

b Numbers in parentheses were number of gilts that contributed to each mean. 
c R1=replicate 1, R2=replicate 2. 
* P <.OS. 
** p <.01. 
*** p <.001. 
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estrus (table 4 and appendix table 8). Gilts in the 

H20+ LPU treatments were heavier at FE compared to gilts 

in the EU+BE treatment. 

Discussion 

Average daily gain. The data indicate that average 

daily gain was affected by two of the treatments. Gilts 

exposed to boars had a higher average daily gain than 

gilts treated with urine from estrous sows. These re

sults agree with previous research (Chapter III) which 

noted a higher average daily gain in boar exposed gilts. 

McGlone et al. (1986) reported an improved ADG for the 0 

to 28 d early finishing period when pigs were sprayed 

with aerosolized androstenone (Sa-androst-16-en-3-one). 

Although the average daily gain reported in the present 

study is from an avg of 166 to 264 d of age, the andro

stenone from the boar could have been a factor in the 

increased average daily gain observed in the boar ex

posed gilts. 

Age at first estrus and ovulation. Initiation of 

the treatments at 166 d of age was comparable to the age 

in mice which showed the greatest response to accelera

tory substances (27 to 30 d of age; Vandenbergh, 1967; 

Drickamer and Hoover, 1979; Hoover and Drickamer, 1979; 

Drickamer, 1982c, 1983, 1984a,b, 1986b). Past experi-
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ments with mice have reported a decrease in age at first 

estrus in young females treated with urine from estrous 

females (Drickamer, 1982c, 1984c,d, 1986b). In the pre

sent experiment, gilts treated with urine from estrous 

sows were older at first estrus, as well as first ovula

tion, compared to boar exposed gilts. The decreased age 

at first estrus and ovulation observed in the boar ex

posed gilts agreed with previous research (Zimmerman et 

al., 1969, 1974; Brooks and Cole, 1970; Mavrogenis and 

Robison, 1976; Thompson and Savage, 1978; Paterson and 

Lindsay, 1980). From the results of this study, it may 

be concluded that estrous sows do not excrete a urinary 

chemosignal which is as powerful as the male odor which 

decreased age at first estrus. Drickamer (1984b) found 

that urine from estrous female mice was most effective 

when collected at 1200 and 1800 h. Perhaps the time at 

which the estrous sow urine was collected, the chemo

signal was not excreted in a high enough concentration 

to elicit a response. Finally, perhaps the gilts needed 

to be treated with the estrous urine more frequently or 

at a higher dose. 

The comparison of distilled water + luteal phase 

urine versus estrous urine + boar exposure showed that 

EU+BE had a younger age at first estrus and ovulation. 

Previous research with swine (Faillace, 1985; Hawkins, 
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1986) and mice (Drickamer and Hoover, 1979; Drickamer, 

1982c, 1984a,b) have shown no effects on age at first 

estrus (relative to controls) of water or urine from 

individually caged female mice (comparable to luteal 

phase), respectively. Therefore, the increased age at 

first estrus and ovulation in the distilled water + 

luteal phase urine treatment was expected. It was 

thought though, that estrous urine would have an 

acceleratory effect, but the decreased age in the 

estrous urine + boar exposure treatment was due mostly, 

but not entirely, to the boar exposure. 

Ovulation rate. None of the treatments used in 

this experiment affected ovulation rate, but some of the 

gilts were behaviorally anestrous. In other reports 

which have indicated behavioral anestrus (Rampacek et 

al., 1981; Christenson and Ford, 1979), the range was 

from 3% to 28% in confinement reared gilts. In the 

present study, the incidence of behaviorally anestrous 

gilts was 7.5%, which is in agreement with other 

reports, but differed from that reported by Faillace 

(1985) and Hawkins (1986), which reported 32% and 

30.5%, respectively. The present results also con

tradicted the results of Mavrogenis and Robison (1976) 

who have reported that boar exposure increased the 

incidence of behavioral anestrus and Cronin (1982) who 



reported a higher incidence of weak estrus in summer

reared gilts. 
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Weight at first estrus. The contrast of distilled 

water + luteal phase urine versus estrous urine + boar 

exposure affected weight at first estrus, using the 

weight of the gilts at the start of the experiment as a 

covariate. The heavier weight of the gilts in the dis

tilled water + luteal phase treatment could be due to 

their older age at first estrus (i.e., they were on the 

experiment an average of 25 d longer than the gilts in 

the estrous urine+ boar exposure treatment). 

In summary, urine from estrous sows failed to ac

celerate age at first estrus and first ovulation. The 

younger age at first estrus and ovulation of the gilts 

in these two treatments combined to be lower compared to 

gilts in the distilled water and luteal phase urine 

treatments. 

Further experimentation that addresses the effects 

of chemosignals on puberty attainment in gilts should be 

considered. More frequent exposure to estrous urine 

and(or) at higher doses could be used to see if, in the 

event that a chemosignal was present, the gilts need 

more exposure to it. Urine from pregnant and lactating 

females could be used to see if an acceleratory effect 
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occurs. Also, boar urine could be tested for an accel

eratory effect. These suggestions and this thesis 

should provide unique information to the existing know

ledge of puberty in confinement housed gilts. 
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APPENDIX TABLE 5. ANALYSIS OF VARIANCE FOR AVERAGE 
DAILY GAIN (ADG) OF GILTS FROM AN AVERAGE AGE 

OF 69 TO 245 DAYS 

Source of 
variation dfa Mean square 

BE vs NBE (BE)b 1 .251f 
co vs CI (H1)C 1 .003 
NC vs CO+CI (H2)d 1 .0629 
R1 vs R2 (R)e 1 .128f 
BE X Hl 1 .110h 
BE X H2 1 .010 
R X H1 1 .003 
R X H2 1 .028 
BE X R 1 .001 
BE x H1 X R 1 .011. 
BE X H2 X R 1 .095~ 

Error 86 .013 

a Degrees of freedom. 
b BE=boar exposed, NBE=nonboar exposed. 
c co=confinement outside, CI=confinement inside. 
d NC=nonconfinement. 
e R1=replicate 1, R2=replicate 2. 
f p <.001. 
g p <.03. 
h p <.004. 
i p <.008. 



APPENDIX TABLE 6. ANALYSIS OF VARIANCE TABLES FOR 
AGE AT FIRST ESTRUS AND FIRST OVULATION OF GILTS 

Mean sguares 
Source of Age at Age at 

80 

variation dfa first estrus first ovulation 

BE vs NBE (BE)b 1 19217.333f 
co vs CI (H1)C 1 27.120 
NC vs CO+CI (H2)d 1 2441.675g 
R1 vs R2 (R)e 1 672.127 
BE X H1 1 4709.121h 
BE X H2 1 9.729 
R X H1 1 149.609 
R X H2 1 920.018 
BE X R 1 1384.408 
BE X H1 X R 1 387.313. 
BE X H2 X R 1 4445.670~ 
Error 87 610.893 

b
a Degrees of freedom. 

BE=boar exposed, NBE=nonboar exposed. 
c CO=confine~ent outside, CI=confinernent 
d NC=nonconfinernent. 
e R1=replicate 1, R2=replicate 2. 
f p <.001. 
g p <.05. 
h p <.007. 
i p <.008. 
j p <.04. 
k p <.006. 
1 p <.01. 

16036.047f 
7.547. 

2726.928) 
877.957 

4926.475k 
59.030 

113.757 
936.376 

1381.367 
490.217 

4179.6441 
629.090 

inside. 



APPENDIX TABLE 7. ANALYSIS OF VARIANCE TABLES FOR 
OVULATION RATE AND WEIGHT AT PUBERTY OF GILTS 

Mean sguares 
Source of Ovulation Weight at 
variation dfa rate puberty 

BE vs NBE (BE)b 1 .060 619.383 
co vs CI (H1)C 1 27.383h 1874.612 
NC vs CO+CI (H2)d 1 27.574h 224.023 
R1 vs R2 (R)e 1 1.793. 15.800 
BE X H1 1 23.3311 1764.395 
BE X H2 1 1.273 1.135 
R X H1 1 .337 3538.312 
R X H2 1 26.518h 552.205 
BE X R 1 12.283 146.722 
BE X H1 X R 1 .966 3071.011 
BE X H2 X R 1 1.689 223.377 
Move Weightf 1 5701.306 
Error _g 6.056 2222.974 

a Degrees of freedom. 
b BE=boar exposed, NBE=nonboar exposed. 
c co=confinement outside, CI=confinement inside. 
d NC=nonconfinement. 
e R1=replicate 1, R2=replicate 2. 
f covariate for weight at puberty. 
g Error df for ovulation rate=87, for weight at 

puberty=85. 
h p <.04. 
i p <.006. 
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APPENDIX TABLE 8. ANALYSIS OF VARIANCE TABLES FOR 
AVERAGE DAILY GAIN, AGE AT FIRST OVULATION AND 

WEIGHT AT FIRST ESTRUS OF GILTS 

Mean sguares 
Average Age at 

Source of daily first 
variation dfa gain ovulation 

H20 vs LPU (Tl)b 1 .006 7.928 
EU vs BE (T2)c 1 .817f 2782.240g 
Tl vs T2 (T3A 1 .036 7421.880h 
Rl vs R2 ( R) 1 .012 222.844 
R X Tl 1 .027 1589.952 
R X T2 1 .005 2559.753 
R X T3 1 .005 1062.465 
Moveweighte 1 
Error 51 .043 693.546 

a Degrees of freedom. 
b H20=distilled water, LPU=luteal phase urine. 
c EU=estrous urine, BE=boar exposure. 
d Rl=replicate 1, R2=replicate 2. 
e Covariate for weight at first estrus. 
f p <.001. 
g p <.05. 
h p <.002. 
i p <.007. 

Weight at 
first 
estrus 

235.238 
3.462. 

5839.549~ 
163.832 

65.156 
147.581 
665.061 

11799.205 
719.299 
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APPENDIX TABLE 9. ANALYSIS OF VARIANCE TABLES FOR 
AGE AT FIRST ESTRUS AND OVULATION RATE OF GILTS 

Mean sguares 
Source of Age at 
variation dfa first estrus 

H20 vs LPU (T1)b 1 30.842 
EU vs BE (T2)C 1 4114.061e 
T1 vs T2 (T3A 1 7628.304f 
R1 vs R2 ( R) 1 7.582 
R X T1 1 440.028 
R X T2 1 1878.973 
R X T3 1 1140.155 
Error 1 649.614 

a Degrees of freedom. 
b H2 0=distilled water, LPU=luteal phase urine. 
c EU=estrous urine, BE=boar exposure. 
d R1=replicate 1, R2=replicate 2. 
e P <.02. 
f p <.001. 

Ovulation 
rate 

.028 
26.682 

4.014 
1.623 

.703 
8.797 

.275 
7.775 
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