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CHAPTER I 

INTRODUCTION 

A successful swine operation is dependent on the 

reproductive efficiency of the breeding herd. One of the 

factors affecting the reproductive efficiency is the amount 

of time it takes for gilts to reach puberty. Up until the 

time a gilt is pregnant she is a costly, non-productive 

animal. Therefore, the sooner a gilt reaches puberty the 

more efficient she will be. 

The increase of confinement operations in the swine 

industry has resulted in decreased reproductive efficiency. 

Specifically, the proportion of gilts reaching puberty by 9 

months of age is reduced and the average age of puberty and 

incidence of quiet estrus is increased. However, it is not 

known what aspect of confinement housing causes these 

reproductive problems in gilts. Although the mechanisms 

responsible for puberty are generally poorly understood in 

the gilt (as in all mammals), many factors have been 

identified as having an influence on the amount of time it 

takes her to reach puberty. The identification of the 

factor or factors causing delayed puberty in confinement 

gilts would be of great benefit to swine producers. 
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The objective of this thesis is to examine the effects 

of social composition and density of the group on age at 

puberty in gilts. A third factor, "pheromone" treatment, 

was instituted to try and identify a possible pheromonal 

mechanism involved with the delayed puberty phenomena in 

confinement gilts. This study will hopefully add to the 

understanding of a little known area in domestic animals and 

also contribute useful information that will increase the 

reproductive efficiency of swine production. 



CHAPTER II 

LITERATURE REVIEW 

Genetics 

One of the factors known to influence age at puberty 

in gilts is the genetic background of the individual. 

Many studies have examined the effects of breed on age at 

puberty in the gilt. No differences in age at puberty 

were found between Large Black and Large White (Burger, 

1952), Poland China and Chester White (Robertson et al. , 

1951a,b; Self et al., 1955; Zimmerman et al., 1960a) and 

Yorkshire and Lacombe gilts (Dyck, 1971) gilts. 

Differences were found between Poland China and Yorkshire 

gilts in age at first estrus with Poland China gilts 

reaching puberty earlier (Clark et al., 1970). Yorkshire 

and Duroc gilts reached puberty and sexual maturity the 

latest when compared to Hampshire, Landrace, Large White 

cross or Spotted gilts (Christenson and Young, 1978; 

Christenson and Ford, 1979; Christenson, 1981; Hutchens et 

al., 1982). Cronin et al. (1982-1983) found Landrace 

gilts younger at puberty than Large White gilts. 

Crossbreeding has a large heterotic effect on age at 

puberty. A number of studies comparing crossbred to 

purebred gilts have found the crossbred gilts reaching 



puberty earlier when compared to the average of the 

purebred parents (Foote et al. , 1956; Zimmerman et al. , 

1960a; Short et al. , 1963; Clark et al., 1970; 

Christenson, 1981; Hutchens et al., 1982; Cronin et al. , 

1982-83). Even within a breed, linecross gilts were shown 

to be younger at puberty than inbred gilts (Foote et al., 

1956). Differences were also found between various lines 

of gilts of the same breed (Warnick et al., 1951). In 

mice, it has been shown that genetic progress could be 

attained by selecting for age at puberty (Drickamer 1981b, 

1983b) with heritability estimates of about .40, an 

unusually high estimate for a reproductive trait. How

ever, Reutzel et al. (1968) found the heritability for 

this trait in swine to be extremely low. 

Nutrition 

There have been numerous experiments conducted to 

study the effects of nutrition on age at puberty in gilts. 

There have been various approaches in studying this 

problem and the results have been very inconsistent. The 

vast majority of the work has dealt with either varying 

the feeding or energy levels. Full feeding or high energy 

diets have decreased the age at puberty in some studies 

(Burger 1952; Robertson et al. , 1951a; Haines et al. , 

1959; Zimmerman et al. , 1960b; Goode et al. , 1965; Friend 

1974, 1976) but others have shown that these treatments 



have a deleterious effect on age at first estrus (Self et 

al., 1955; Baker 1959; Gossett and Sorensen 1956, 1959; 

MacPherson et al. , 1977). While still others have shown 

that the level of feed or energy had no effect on age at 

puberty (Christian and Nofziger 1952; Hafez I960; Lodge 

and MacPherson 1961; Sorensen et al., 1961; Pay and Davies 

1973; Aherne et al. , 1976; Friend 1977; Friend et al., 

1979). 

Protein content in diets fed to gilts has also been 

examined. Diets containing 14^ protein lowered the age at 

puberty when compared to diets with only 10% protein 

(Cunningham et al. , 1974; Wahlstrom and Libal 1977). 

However, others could not show a difference in age at 

first estrus by varying the percentage of protein in the 

diet (Friend, 1977; Friend et al., 1979). Fowler and 

Robertson (1954) found that gilts fed protein from an 

animal source attained puberty sooner than those fed 

protein from a plant source. Adding lysine to swine diets 

reduced age at sexual maturity in one experiment (Friend, 

1973) and had no effect in others (Friend, 1974, 1976). 

Witz and Beeson (1951) showed fat-free diets had 

many negative physiological effects in swine with one of 

them being immature reproductive tracts at five months of 

age. Friend (1977, 1979) found no age differences in 

gilts fed either 0 or 20% soybean oil in their diets but 
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it is important to note that the 0% soybean oil ration was 

not a fat-free diet-. 

Little has been done in the area of vitamins or 

minerals and their effect on puberty in gilts; however, 

these diet components could have a profound effect on age 

at puberty . Vitamin B.̂ ^ deficiency delayed first estrus 

in gilts (Johnsen, 1952). 

The discrepencies that exist in the data concerning 

nutritional effects on age at puberty could possibly be 

due to other confounding factors such as social and 

climatic conditions or breed (Hughes 1982). Hughes (1982) 

has suggested that if nutrient intake is sufficient for a 

comercially acceptable growth rate, then nutrition is not 

likely to have a effect on age at puberty. 

Season of Birth 

There are many reports that have associated season of 

birth with age at puberty in gilts. Some of the work has 

shown that gilts born later in the spring farrowing season 

mature faster sexually than those born earlier in that 

same farrowing season (Wiggins et al., 1950; Robertson et 

al., 1951a, 1951b, 1951c). Others have shown at least a 

tendency for fall born gilts to mature faster than their 

spring born counterparts (Schmidt and Bretshneider, 1954; 

Gossett and Sorensen, 1959; Mavrogenis and Robison, 1976). 

Studies that have supported these results found the lowest 



proportion of prepuberal gilts in the spring and the 

highest proportion in the summer (Scanlon and Krismurthy, 

1974; Cronin et al. , 1982-83; Wiggins et al., 1950; 

Stickney et al. , 1978; Christenson 1981). These reports 

support the view of Christenson and Ford (1979) that it is 

the time of sexual maturity more than the time of birth 

that is important in evaluating seasonal effects on 

puberty in swine. Several experiments could not find a 

consistent seasonal effect from year to year (Warnick et 

al., 1951) or any seasonal effect at all (Wise and 

Robertson, 1953; Self et al., 1955; Sorensen et al., 

1961). Zimmerman et al. (1960a) found an interaction 

between season and breed with Chester Whites reaching 

puberty sooner in the spring and Poland Chinas reaching 

puberty sooner in the fall. 

Photoperiod should be considered as one of the major 

components of any existing seasonal influence on age at 

puberty in gilts. Although Dufour and Bernard (1968) 

showed that female pigs reared in total darkness reached 

puberty earlier than those reared in natural daylight, 

studies since then have shown that increased light has a 

stimulatory effect on sexual development. Light duration 

equal to or greater than that of natural daylight has 

stimulated gilts to reach puberty earlier than those 

reared in total darkness or light shorter in duration than 

natural daylight (Hacker et al., 1974, 1976, 1979; Ntunde 
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et al., 1979). Similarly Surmuhin et al. (1970a,b) showed 

that photoperiod equaling or exceeding natural daylight 

produced greater ovarian activity in prepuberal gilts. 

Another possible component of the seasonal effect is 

environmental temperature. Some evidence has been 

presented to suggest that high environmental temperature 

delays first behavioral estrus in gilts (Stickney et al. , 

1978; Jensen et al., 1970), but this information is not 

conclusive. Dyck (1974) examined the effects of the cold 

on age at puberty in gilts and found age to be unaffected 

by the cold temperatures. 

Exogenous Hormones 

Various exogenous hormones have been used to study 

the induction of precocious puberty in the female pig. 

Puberty has been induced in young gilts by both 

gonadotropins and steroid hormones. It was shown very 

early that the prepuberal gilt was capable of responding 

to exogenous gonadotropins as soon as vesicular follicles 

formed on the ovary. Gilts as young as three months old 

responded to treatment with pregnant mare's serum 

gonadotropin (PMSG) by ovulating and showing behavioral 

estrus. It was noted, however, that those gilts between 

three and six months of age responded with low frequency 

and rarely had subsequent spontaneous estrous cycles 

(Casida, 1935). It was later found that gilts induced to 
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ovulate with the gonadotropins PMSG and human chorionic 

gonadotropin (HCG) at a young age often could not carry a 

pregnancy to term (Dziuk and Gehlbeck, 1966; Baker and 

Coggins, 1968; Schwartz et al., 1971). The response to 

gonadotropins was found to increase with dose (Baker and 

Coggins, 1966; Phillippo, 1968) with higher doses not only 

causing a higher percentage of gilts coming into estrus 

but also a linear increase in ovulation rate. Phillippo 

(1968) also reported these responses to gonadotropins to 

increase with age and subsequently the best responses 

occurred in gilts greater than nine months of age (Dziuk 

and Dhindsa, 1969). A more recent study compared the 

effects of luteinizing hormone (LH), HCG, and adrenal 

corticotropic hormone (ACTH) on prepuberal gilts and found 

no response to any of these protein hormones. It could be 

concluded from this report that an FSH source is necessary 

for the induction of puberty (Esbenshade and Day, 1981). 

Christenson and Ford (1978) using the drug Methallibure, 

induced puberty in gilts described as being behaviorally 

anestrous at ten months of age. Methallibure is a 

non-steroidal inhibitor of the pituitary thought to exert 

its action on the hypothalamus. It was concluded that 

this drug was blocking the inhibitory factors that 

prevented normal sexual development. 

The use of steroids for the induction of puberty has 

met with less success. Stickney et al. (1978) found no 
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response to estradiol in gilts weighing greater than 62.2 

kg. When the effects of estrogen were compared to that of 

PMSG in eight gilts that were behaviorally anestrous, no 

differences were found in response to the treatments 

(Hurtgen and Johnston, 1983). However, when PMSG and 

estradiol were compared in primiparous sows with postweaning 

anestrous, a much better response was attained with the 

gonadotropin treatment (Dyck, 1976). Most of the existing 

data have shown gonadotropin treatment to be the most 

reliable and this has been supported by Meredith (1979) who 

in a review of anestrous in the pig found the hormonal 

treatment of PMSG together with HCG to be the best overall. 

Social Environment 

The social environment in which mammals are reared 

can greatly effect sexual maturation. The research in 

this area has been very extensive using rodents, but much 

less has been done using other species. 

Confinement in Swine 

Confinement has been shown to delay puberty and 

increase the incidence of quiet estrus in gilts (Meacham 

and Masincupp, 1970; Jensen et al., 1970; England and 

Spurr, 1969). Several studies have reported from 75% to 

as low as 35% of their confinement-reared gilts reaching 

puberty by nine months of age (Christenson 1981; 
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Christenson and Ford, 1979; Christenson and Young 1978; 

Rampacek et al., 1981). 

Crowding has been suggested as a possible factor 

causing this delay in the sexual development of gilts. 

Supporting this hypothesis is an experiment by Christenson 

and Ford (1979) where they found that a greater percentage 

of crossbred gilts reared in pens of eight showed estrus 

by 12 months than those reared in pens of 24. However, in 

another experiment they found no differences between the 

two density groups. The difference between the two 

experiments maybe explained by the fact that purebred 

animals were used in the second experiment, and the 

experiments were conducted in different seasons. An 

extremely low percentage of gilts reached puberty by 12 

months in both of the density groups in the second trial, 

so it can probably be assumed that some other factors were 

influencing the results. Cronin et al.(1982-83) reported 

a higher incidence of unmated gilts and decreased back 

pressure response in gilts kept in groups larger than 

fifty and P. H. Hemsworth (unpublished data) found a 

reduced estrous detection rate when space was allotted at 

1 m per gilt as compared to 2 or 3 m per gilt. 

However , the data from several studies have shown crowding 

not to be a factor. When gilts were restricted to 75% or 

50% of the space given controls, their ages at puberty 

were not different from the controls (Ford and Teague, 
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1978). Also, no differences were found in age at first 

estrus between gilts raised in groups of 6 versus groups 

of 12 with pen size being the same for both of the groups 

(Clark et al., 1985). Conversely, gilts raised in pens 

alone or tethered singly have been found to have delayed 

puberty compared to those raised in groups (Jensen et al. , 

1970; Mavrogenis and Robison, 1976). However, another 

study could not find a difference between gilts kept in 

groups or singly (England and Spurr, 1969). 

Another theory suggested for the detrimental effects 

of confinement housing was the possible alteration of 

adrenal gland function. Rampacek et al. (1981, 1984) 

found no differences between gilts reared in confinement 

and those not reared in confinement in adrenal gland 

weights and Cortisol concentrations or metabolic 

clearance rates and secretion rates of adrenal hormones. 

Also, concentrations of ACTH and corticosterone were not 

different when comparing rats raised either singly or in 

pairs (Fagin et al. , 1983). The results of these 

experiments indicate that altered adrenal function is not 

a cause of delayed puberty in female swine. 

Pheromones in Rodents 

Young female mice exposed to adult males, their 

soiled bedding or their urine attained puberty earlier 

than those not exposed to such a treatment (Vandenbergh, 

1967; Cowley and Wise, 1972; Drickamer, 1979). Neither 
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castrated males nor their urine or bedding had the puberty 

accelerating properties that were present in intact males 

(Vandenbergh, 1969; Bronson and Maruniak, 1975; Drickamer 

and Murphy, 1978). Also, prepubertal males could not 

elicit any response in prepuberal females (Drickamer and 

Murphy, 1978). In studying the mechanism of action of this 

response to adult intact males, it was found that both LH 

and LH releasing hormone (LHRH) increased rapidly after 

the introduction of a male (Bronson and Desjardins, 1974; 

Bronson and Maruniak, 1976; Dluzen et al., 1981. Bronson 

and Des Jardins (1974) also found a drastic increase in 

serum estradiol concentrations a few hours after the LH 

increase, and Dluzen et al. (1981) reported high 

concentrations of epinephrine as well as LHRH even after 

one drop of male urine. 

Since it was a chemical produced in the urine of 

adult male rats that influenced age at puberty in females 

this chemical would be known as a pheromone. It would be 

classified as a priming pheromone since it causes an event 

(puberty) to occur. The chemical was produced somewhere 

other than the accessory glands since bladder urine from 

intact males and urine from preputialectomized intact 

males both have the same puberty accelerating properties 

(Bronson and Whitten, 1968; Colby and Vandenbergh, 1974). 

In later laboratory analysis, the pheromonal substance 

present in the male urine was shown to be associated with 
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the protein component of the urine (Vandenbergh et al., 

1975). Subsequent chromatographic separation of this 

chemical showed the molecule to have an approximate 

molecular weight of 860 with a strong positive test for 

peptides (Vandenbergh et al. , 1976). This pheromone was 

shown to be very potent, with extremely low doses having 

an effect on age at puberty (Drickamer, 1982). The 

pheromone has also been found to be quite species specific 

in rodents (Kirchhof-Glazier, 1979). 

Confounding this information are experiments that 

have found that urinary pheromones are not the only 

puberty acceleratory factors that the male rodent 

possesses (Drickamer, 1974b, 1975); Bronson and Maruniak, 

1975). These studies have reported that tactile 

stimulation from a male or androgenized female along with 

urinary chemosignals can have a greater stimulatory effect 

than just the pheromones alone. 

Social cues translated through urinary chemosignals 

are not unique to the male of the species in rodent 

populations. It appears that communication through 

signalling pheromones may be more extensive in female 

populations. Grouping of female mice or hamsters (even 

pairs) synchronized estrus through either acceleration or 

decceleration of estrous cycles (Handelmann et al., 1980; 

Champlin, 1971). This pheromone linked phenomenon has 

even been linked to human females (McClintlock, 1971). In 
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another study (Dixon and Mackintosh, 1971), urine from 

females rubbed on males was shown to reduce aggression 

between them and other males. This study also reported 

that female urine decreased the duration of flight 

reaction and increased investigational and sexual 

behavior . 

Female pheromonal cues are also involved in puberty 

regulation. Prepubertal females raised in groups or 

singly with soiled bedding from grouped females reached 

puberty later than those raised singly (Drickamer, 1974a; 

Stiff et al., 1974). Drickamer (1977, 1983a) later showed 

that timing and duration of exposure to this puberty 

delaying pheromone to be critical. A minimum exposure of 

at least four to seven days soon after weaning appeared to 

be necessary to activate a delay in the onset of puberty. 

Unlike the puberty acceleratory effect that adult males 

possess, puberty delay from grouped rodent females seems 

to be purely pheromonal and not a combination of contact 

stimulation and pheromonal effects. Further, Drickamer 

(1983a) found that prepubertal females had to be grouped 

at least 10 days to match the effects of being housed 

together for a period of 30 days. The duration of 

exposure necessary needed to be about one to two hours per 

day. In a previous investigation, Mcintosh and Drickamer 

(1977) showed that the puberty delaying pheromone was 

found in the bladder urine of both singly and group reared 
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prepubertal females. He also found that homogenates of 

bladder urine containing the pheromone and urethras of 

singly caged females did not delay puberty. When using 

grouped female urethras, the pheromone remained effective 

and delayed puberty. This series of tests showed that 

there must be a blocking factor secreted through the 

urethras of singly caged females. Continuing his 

investigation of this pheromone, Drickamer et al. (1978, 

1980) found that the ovary was not involved in producing 

the pheromone, and that the adrenal glands were probably 

the primary source of the urinary chemosignal. 

It has also been shown that pregnant and lactating 

mice produce urinary pheromones that have a puberty 

acceleratory effect on prepubertal females (Drickamer and 

Hoover, 1979). It has been postulated that these 

chemosignals may be a general signal that environmental 

and(or) social conditions are favorable for reproduction. 

Urine from pregnant or lactating mice lengthened the 

estrous cycle of other adult mice (Hoover and Drickamer, 

1979). However, in a similar experiment with rats, urine 

from pregnant females shortened the estrous cycle while 

urine from lactating females and their pups lengthened it 

(McClintock, 1983). These researchers postulated that 

these pheromones modulate fertility and coordinate birth 

cycles in a given population of rats. 
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Vandenbergh (1976) considered the combined effects of 

male and female pheromones in rats and found that females 

raised singly were more responsive to male pheromones than 

were females reared in groups. This finding was different 

from that reported by Drickamer (1982). His data showed 

that puberty delaying pheromones from grouped females 

overrode any acceleratory chemosignals. Drickamer (1981a) 

selected mice for either early or late puberty over a 

period of several generations and he found that those 

selected for early puberty could be delayed but not 

accelerated with pheromones, and those selected for late 

puberty could be accelerated but not delayed. This study 

confirms the belief that there is an interrelation between 

the various factors that effect sexual development. 

Pheromones in Domestic Farm Species 

The social environment in which domestic farm animals 

are raised can have an effect on their reproductive 

processes. Unfortunately very little research has been 

done in this area. Prepubertal heifers have been found to 

react in the same manner as female rodents when exposed to 

male urine. Puberty in these heifers was accelerated by 

bull urine when compared to other heifers who received a 

control treatment of water (Izard and Vandenbergh, 1982). 

Also, Zalesky et al. (1983) found that postpartum cows 

exposed to bulls soon after parturition showed estrus 

earlier than postpartum cows not exposed to bulls until 
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much later. In ewes, a higher proportion of anovulatory 

ewes ovulated within four days when ram's wool was applied 

to their muzzle (Knight and Tervit, 1983), suggesting the 

presence of a pheromone in the wool. 

Most of the information that exists on the effects of 

social environment with domestic farm animals has been 

conducted with swine. It is well accepted that exposure 

of prepubertal gilts to boars will hasten the onset of 

puberty (Brooks and Cole, 1970; Mavrogenis and Robison, 

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

1980; Zimmerman et al. , 1969, 1974). Several studies 

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

shown that the optimum age to expose gilts to boars is 160 

to 170 days of age. Paterson and Lindsay (1980) found 

that rearing gilts with either contemporary intact or 

castrated males had no effect on age at puberty. Cole et 

al. (1982), in a similar experiment found a small but 

significant difference between gilts reared isolated from 

contemporary males when compared with those reared with 

contemporary intact or castrate males up until the time of 

mature boar exposure. As far as the duration of male 

stimulation is concerned, exposure of gilts to boars for 

20 minutes per day resulted in the same effect as 

continuous exposure (Kirkwood and Hughes, 1980). Also, as 

in rodents, this boar effect has been shown to be 

pheromonal in nature. When gilts had their olfactory 
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bulbs removed and were then exposed to mature boars, they 

reached puberty at the same time as those gilts not 

exposed to boars. Unoperated and sham-operated gilts 

reached puberty at an earlier date when exposed to boars 

(Kirkwood et al. , 1981). However, Karlbom (1981-82) has 

suggested that social as well as pheromonal cues may be 

necessary to get the full accelerative effect of boar 

exposure on sexual development in gilts. 

Several researchers have investigated the source of 

this puberty-priming pheromone in the boar. Kirkwood and 

Hughes (1981) showed that boars must be at least 11 months 

of age to be able to accelerate puberty. The inability of 

these young boars to advance puberty has been attributed 

to a lack of, or inability to produce the necessary 

chemosignal. This hypothesis is substantiated by the 

discovery that certain androgenic steroids 

(l6-androstenes) cannot be measured in boars until they 

are at least 6 months of age (Booth, 1975). The 

16-androstenes have been thought to be responsible for the 

pheromone production and, therefore, the levels of these 

steroids were directly related to the boar's efficacy to 

accelerate puberty. It has been suggested that the source 

of the pheromone is found in the salivary glands. Most 

major androgens including those not found until the boar 

is six months of age, have been isolated in the 

submaxillary gland (Patterson, 1968; Booth, 1972; Booth et 
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al. 1973), and it has been postulated that this gland is a 

target tissue for androgens in the male pig. Both the 

weight and the relative area occupied by serous cells of 

the gland has been shown to increase with age, up to and 

past the time of puberty (Booth et al., 1973). This 

response does not occur in the female of the species and 

is believed to be involved with the actual release of the 

pheromones. Some of these same androgens found in the 

saliva have been very useful in detecting estrus in mature 

females (Melrose et al., 1971; Reed et al., 1974). These 

steroidal compounds have been marketed in an aerosol 

preparation and used to substitute for a boar when 

checking for behavioral estrus. It is, therefore, very 

possible that some of these same androgens could play a 

role in accelerating puberty in gilts. 

Since it is known that the reproductive processes of 

gilts are influenced by the social environment, and that 

these influences are brought about by pheromonal 

mechanisms, it is possible that, like rodents, gilts 

crowded under confinement conditions are producing a 

urinary pheromone that is delaying the onset of puberty. 

Past research on the delay of puberty in confinement gilts 

has not explored this possibility. The effects of mixing 

unfamiliar gilts during the various phases of confinement 

(a common practice in confinement operations) also has not 

been studied to any great extent. Clark et al. (1985) in 
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a preliminary study, found gilts who were reared in small 

groups and not reaggregated during confinement to be 

younger in age at puberty than gilts who were reared in 

small groups and were reaggregated, or gilts reared in 

large groups regardless of group composition. Therefore, 

the objectives of this study were to determine: (1) if 

the density and composition of the group influences age at 

puberty, ovulation rate and the incidence of behavioral 

anestrus in gilts and (2) if these factors exert there 

influence via urinary pheromones. 



CHAPTER III 

FACTORS AFFECTING PUBERTY IN GILTS 

REARED IN CONFINEMENT 

Summary 

One hundred ninety-two crossbred gilts were randomly 

assigned to a 2 x 2 x 2 factorial experiment: the factors 

being composition of the group (CG), density (DG), and 

"pheromone" treatment (PH). The CG factor consisted of 

gilts aggregated at time of transfer to the nursery and 

reaggregated (RE) at time of transfer to the finishing 

house and gilts reared with their littermates 

(non-reaggregated, NRE). The DG factor consisted of 

either 6 or 12 gilts/pen. At 160 d of age, the PH was 

initiated by treating half of the gilts with distilled 

water and the other half with gilt urine. The urine was 

obtained from prepuberal gilts reared under crowded 

conditions (12 gilts/pen). During the nursery phase, CG 

gilts had no effect (P>.05) on average daily gain (ADG) or 

average daily feed intake (ADFI), but RE gilts had a 

smaller (P<.05) feed to gain ratio (F/G) than NRE gilts. 

Conversely, gilts reared in a DG of 6 had higher (P<.05) 

ADG and ADFI than gilts in a DG of 12, but the F/G was not 

different (P>.05) for the two groups. In the finishing 

22 
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phase, CG had no effect on ADG, ADFI or F/G. The gilts 

reared in a DG of 6 again had higher (P<.05) ADG and ADFI 

but were not different in F/G from those in a DG of 12. 

The RE gilts were younger (P<.01) at both time of first 

behavioral estrus and first ovulation than NRE gilts. 

Also, more (P<.01) RE gilts showed estrus by seven months 

of age than did NRE gilts. NRE gilts also had a higher 

(P<.10) incidence of silent estrus than RE gilts. Urine 

treatment of the NRE gilts increased (P<.05) this effect. 

Gilts in a DG of 6 receiving water were 21 d younger 

(P<.01) at both first behavioral estrus and first 

ovulation than those in a DG of 6 receiving urine or those 

in a DG of 12 receiving water. The DG of 12 receiving 

urine were intermediate to the other groups in both 

traits. Gilts receiving water also had a higher (P<.025) 

incidence of estrus in the finishing house when compared 

to gilts receiving urine. Ovulation rate was not affected 

(P>.24) by CG, DE, PH or their interactions. In summary, 

CG and DE have effects on the performance of gilts, with 

the most important reproductive effect being a delay of 

puberty. The delay associated with the density effect 

appears to be pheromonal in nature. 



24 
Introduction 

In recent years there has been a great increase in 

total confinement operations in the swine industry. With 

the advent of the change in management systems, numerous 

cases of delayed puberty and other associated reproductive 

abnormalities have been reported in the breeding herd. 

Total confinement reduced by as much as 50% the proportion 

of gilts reaching puberty by 9 months of age (Christenson 

and Young, 1978; Christenson and Ford, 1979; Christenson, 

1981; Rampacek et al., 1981). Confinement also increased 

the average age of puberty in these gilts as well as the 

incidence of behavioral anestrus (Jensen et al., 1970; 

Meachum and Masincupp, 1970). The effects of confinement 

rearing have cost the producer a significant amount of 

money in decreased reproductive efficiency and higher feed 

costs; however, it has not been determined what aspect of 

the confinement system causes the detrimental effects on 

reproduction. 

The social environment in which rodents were raised can 

have a dramatic effect on the amount of time it takes for 

puberty to occur in females. Specifically, puberty was 

accelerated in prepuberal rodent females reared in the 

presence of a male (Vandenbergh, 1967; Cowley and Wise, 

1972; Drickamer, 1979), and puberty was delayed in females 

reared in groups when compared to females reared 

individually (Stiff et al., 1974; Drickamer, 1974a). The 
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grouped females produced a urinary pheromone that is 

directly responsible for the delay in the onset of 

puberty. The pheromone has not been found in the urine of 

individually-reared females. The reproductive processes 

of swine have been shown to be affected by social 

environment. The presence of a boar accelerated puberty in 

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

1970; Mavrogenis and Robison, 1976; Thompson and Savage, 

1978; Paterson and Lindsay, 1980), and the acceleration 

was found to be pheromonal in nature (Kirkwood et al., 

1980). Therefore, it was hypothesized that, like rodents, 

gilts housed together in a total confinement facility may 

produce a urinary pheromone that is delaying the onset of 

puberty. 

The objective of this experiment was to determine the 

effects of composition (CG) and density of the group (DG) 

and "pheromone" treatment (PH) on the age at puberty, 

ovulation rate and incidence of behavioral anestrus in 

gilts reared in total confinement. 

Materials and Methods 

One hundred and ninety-two gilts born in four different 

farrowing groups (March, April, September and November) 

were assigned to a 2 x 2 x 2 factorial design (table 1). 

The gilts were the result of a four breed rotational cross 

involving the Yorkshire, Landrace, Hampshire and Duroc 
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TABLE 1. EXPERIMENTAL DESIGN 

Density Pheromone Composition of group 
of group treatment Pen Non-reaggregated Reaggregated 

6 

6 

6 

6 

Water 

Urine 

Water 

12 

Urine 

1 

2 

3 

4 

1 

2 

3 

4 

1 

2 

1 

2 

6^ 

6 

6 

6 

6 

6 

6 

6 

12 

12 

12 

12 

6 

6 

6 

6 

12 

12 

12 

12 

^Number of gilts per pen 
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breeds. The three factors studied were composition and 

density of the group and "pheromone" treatment. The 

composition of the group factor was accomplished by 

rearing gilts with their littermates (non-reaggi-egated) or 

by aggregating the gilts at the time of transfer to the 

nursery and reaggregating them at time of transfer to the 

finishing house (reaggregated). The density of the group 

factor was accomplished by rearing the gilts in pens of 6 

or 12. At 160 d of age, the "pheromone" treatment was 

initiated with gilts receiving either distilled water or 

urine. Since each replicate of the experiment required a 

large number of gilts that were reared under specific 

conditions, the experiment was run in four groups. 

Farrowing groups I and III consisted of reaggregated gilts 

and farrowing groups II and IV consisted of 

non-reaggregated gilts. Likewise, the "pheromone" 

treatment was assigned so that groups I and IV received 

distilled water and groups II and III received urine. 

Gilts were randomly assigned to a density treatment within 

each of the farrowing groups. 

Gilts were cross-fostered within 48 h of birth to 

establish litters with at least six gilts in each. The 

cross-fostering facilitated the composition of the group 

factor that was to be established at the time of weaning 

(28 + .12 d) and should eliminate any genetic correlation 

for age at puberty in the non-reaggregated groups. The 
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non-reaggregated groups were to be raised with their 

littermates throughout the confinement phase of the 

experiment. However, due to the limited number of gilts 

in a litter, two litters had to be combined to achieve 

pens of non-reaggregated gilts with a density of 12. 

Gilts in reaggregated groups were randomly mixed with 

gilts from other litters, first on transfer to the nursery 

at weaning, and again when they were transferred from the 

nursery to the finishing house (67 + .12 d). 

Reaggregation took place within a density treatment. The 

reaggregation procedure created pens with a minimum of 50% 

novel gilts. At the time of weaning, pigs less than 4.5 kg 

were excluded from the experiment. 

Pigs were housed in pens measuring 2.24 x 1.52 m in the 

nursery. The gilts remained in the nursery for 38 d and 

each pen of experimental gilts was separated by a pen of 

barrows as a buffer. At the end of the nursery period, the 

gilts were moved to the finishing building, where they 

were to remain until they reached an average age of 199 + 

.26 d. Pen size measured 3.66 x 2.13 m in the finishing 

house and remained constant throughout the confinement 

phase. Barrows were again maintained in the pens between 

the gilts. All facilities used up to 199 d of age were 

enclosed, environmentally controlled buildings with 

slotted floors. At an average age of 199 d, all gilts 

were mixed and moved to an outdoor dirt lot. 
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During the nursery period, gilts were fed a 19% protein 

sorghum-soybean meal ration from a 6-hole self-feeder 

measuring 92.1 cm in length. After the nursery phase and 

until the gilts weighed 57 to 60 kg, they consumed a 16% 

protein sorghum-soybean meal diet. Gilts received a 14% 

protein sorghum-soybean meal ration from 60 kg to the end 

of the experiment. While in the finishing house, the 

gilts were fed from a 3-hole self-feeder measuring 74.3 cm 

in length. Once gilts were moved outdoors, feeding was 

accomplished by spreading the feed on the ground. During 

the nursery and finishing phases, the diets were fed ad 

libitum, whereas after the finishing phase, diets were 

restricted to 2.3 kg/gilt daily. The gilts were weighed 

at weaning, at time of transfer to the finishing house and 

when they were transferred to the dirt lots. Feed intake 

was recorded during both the nursery and finishing phases 

on a pen basis. 

When the pens of gilts averaged 160 d of age, the 

"pheromone" treatment was initiated. The water or urine 

was sprayed in the gilts' nostrils three times per week 

for the remainder of the finishing period (40 days). The 

urine used was from comparable prepuberal gilts reared 

under crowded conditions (12 per pen). Groups receiving 

the urine treatment were housed in one wing of the 

finishing unit, while the groups receiving the distilled 

water treatment were housed in the other wing. Besides 
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being physically separated, the wings had separate 

ventillatiori and flushing systems. This prevented any 

cross contamination of the treatment groups. 

Boar exposure and detection of behavioral estrus was 

also initiated when the gilts averaged 160 d of age and 

was continued until the time of puberty. An intact, adult 

boar (Kirkwood and Hughes, 1981) was used to check for 

evidence of estrous activity once daily for a period of 15 

to 30 min per pen (Kirkwood and Hughes, 1980). A gilt was 

considered to be in estrus when it adopted an immobile 

stance and allowed the boar to mount (Signoret, -1970). 

Any gilts not reaching puberty by 199 d of age were moved 

from the confinement facility to open dirt lots where 

estrous checks continued until the time of puberty or 340 

d of age. 

Once behavioral estrus was observed, each gilt's 

ovaries were examined by laparoscopy (Wildt, 1980). To 

induce anesthesia, each gilt was injected with 1 g sodium 

thiopental (Pentothal; Abbott laboratories,Inc., North 

Chicago, IL.) via the ear vein. Anesthesia was maintained 

throughout the surgery with a mixture of nitrous oxide and 

methoxyfluorane (Metafane; Pitman-Moore,Inc., Washington 

Crossing, N.J.) via a closed circuit system (Dziuk et al., 

1964). The laparoscopy was performed during the luteal 

phase of the first estrous cycle to confirm the occurrence 

of ovulation. The number of corpora lutea were counted on 
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each ovary. The ovaries were also examined for the 

presence of corpora albicantia which were counted when 

they were present. The presence of corpora albicantia 

indicated the occurrence of a previously undetected estrus 

or a silent estrus. If corpora albicantia were present, 

21 d were subtracted from the date of first detected 

estrus to determine the date of first ovulation. If 

corpora albicantia were not present, the date of first 

ovulation was the same as the date of first detected 

estrus. 

Any gilts that did not show estrus by 340 d, because of 

either death (6 gilts) or behavioral anestrous (5 gilts), 

were not included in the analysis of reproductive traits. 

Also, any gilts who died before or during the nursery 

phase (2 gilts) or finishing phase (6 gilts) were not 

included in the performance analyses. 

The performance data were analyzed for the nursery and 

finishing phases separately by using factorial analysis of 

variance (General Linear Models procedure; SAS, 1982), 

with the factors being: composition of the group, density 

and their interaction. Pen means were used as the 

experimental units. The data for age at first estrus, age 

at first ovulation and number of corpora lutea were also 

analyzed by factorial analysis of variance with the 

factors being: composition of the group, density, 

"pheromone" treatment and their interactions. The 
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experimental unit for these variables was gilt since it 

was determined that the interaction of CG x DG x PH was 

not different (P>.05) when tested by pen within CG x DG x 

PH. Chi-square analysis (Proc Freq procedure; SAS, 1982) 

was used to analyze the frequency of gilts showing estrus 

in the finishing house by treatment. The proportion of 

gilts showing estrus by month of age and the frequency of 

gilts who had a undetected or silent estrus was also 

analyzed across treatments using the chi-square procedure. 

Results and Discussion 

Performance 

During the nursery phase (table 2), composition of the 

group had no effect (P>.15) on ADG or ADFI; however, CG 

affected (P<.05) F/G with the reaggregated gilts being 

more efficient than the non-reaggregated gilts. Gilts 

reared in pens of 6 had a greater (P<.01) ADG than those 

reared in pens of 12. The gilts in the pens of 6 also had 

a greater (P<.05) ADFI than those reared in pens of 12. 

However, the F/G for the two density treatments was not 

different (P>.44). There was no interaction (P>.65) 

between composition and density of the group for ADG, ADFI 

or F/G during the nursery phase. 

During the finishing phase (table 3), composition of 

the group had no effect (P>.50) on ADG, ADFI or F/G. 

Gilts reared in pens of 6 continued to have a greater 
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TABLE 2. LEAST-SQUARES MEANS FOR EFFECTS OF COMPOSITION AND 
DENSITY OF GROUP ON AVERAGE DAILY GAIN (ADG), AVERAGE DAILY 
FEED INTAKE (ADFI) AND FEED EFFICIENCY (F/G) OF GILTS DURING 

THE NURSERY PHASE 

Treatment 

Composition of group 

Non-reaggregated 

Reaggregated 

Density of group 

6 

12 

Pooled SEM® 

No. of 
pens 

12 

12 

16 

8 

ADG, 
kg 

.37 

.37 

.39° 

.34^ 

.007 

ADFI, 
kg 

.77 

.70 

.79^ 

.68^ 

.023 

F/G, 
kg/kg 

2.10^ 

1.90^ 

2.04 

1.97 

.044 

^»^Means in the same column within treatment with different 
superscripts differ (P<.05). 

^'^Means in the same column within treatment with different 
superscripts differ (P<.01). 

^Pooled standard error of mean, error degrees of freedom=20. 
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TABLE 3- LEAST-SQUARES MEANS FOR EFFECTS OF COMPOSITION AND 
DENSITY OF GROUP ON AVERAGE DAILY GAIN (ADG), AVERAGE DAILY 
FEED INTAKE (ADFI) AND FEED EFFICIENCY (F/G) OF GILTS DURING 

THE FINISHING PHASE 

No. of ADG, ADFI, F/G, 
Treatment pens kg kg kg/kg 

Composition of group 

N^on-reaggregated 12 .65 2.14 3.32 

Reaggregated 12 .65 2.19 3.39 

Density of group 

6 

12 

Pooled SEM^ 

16 

8 

.67^ 

.62^ 

.009 

2.29° 

2.04^ 

.038 

3.42 

3.29 

.041 

^' Means in the same column within factor with different 
superscripts differ (P<.01). 

°'^Means in the same column within treatment with different 
superscripts differ (P<.03). 

^Pooled standard error of mean, error degrees of freedom=20. 
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(P<.01) ADG, and continued to have a greater (P<.03) ADFI 

but had similar (P>.25) F/G when compared to those reared 

in pens of 12. Again, there was no interaction (P>.50) 

between density and composition of the group for any of 

the performance measurements. 

The results show that composition of the group has 

little effect on performance, particularly during the 

finishing phase, and are in agreement with earlier studies 

(Sherritt et al. , 1974; Graves et al., 1978; Clark et al., 

1985) that found mixing pigs not to adversely effect gain, 

intake or conversion, unless feed is limited. The data 

also agrees with other research (Heitman et al., 1961; 

Gehlbach et al. , 1966; Randolph et al., 1981; Clark et 

al., 1985), that found as space allotment per pig 

decreases, performance also decreases. 

Reproductive Traits 

The composition of the group in which a gilt was reared 

had an effect (P<.001) on both the age of first estrus and 

the age of first ovulation (table 4). Gilts reared in the 

non-reaggregated groups were older both at first detected 

behavioral estrus and at first ovulation than gilts reared 

in the reaggregated groups. Neither density nor 

"pheromone" treatment had an effect (P>.23) on age at 

first estrus or age at first ovulation. However, the age 

at first estrus and age at first ovulation differed 

(P<.01) as an interaction of density and "pheromone" 
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TABLE 4. LEAST-SQUARES MEANS FOR EFFECTS OF COMPOSITION OF 
GROUP ON AGE AT FIRST ESTRUS, AGE AT FIRST OVULATION AND 

NUMBER OF CORPORA LUTEA IN GILTS 

Age Age 
at first at first No. of 

Composition No. of estrus, ovulation, corpora 
of group gilts d d lutea 

Non-reaggregated 90 248.6^ 241.2^ 11.8° 

Reaggregated 91 222.9^ 222.4^ 11.9° 

Pooled SEM ̂ 7.16 7.00 .63 

^'^Means with different superscripts in the same column 
differ (P<.001). 

°Means with the same superscript in the same column do not 
differ (P>.05). 

^Pooled standard error of mean; error degrees of 
freedom=173. 
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treatment (table 5). Gilts reared in pens of 6 who 

received water as their "pheromone" treatment were 22 and 

21 days younger at both first behavioral estrus and first 

ovulation, respectively, than those gilts in pens of 6 

receiving urine or those in pens of 12 receiving water. 

Pens of 12 receiving urine were intermediate to the other 

groups in both age at first detected estrus and age at 

first ovulation. The ovulation rate at first ovulation 

was not affected (P>.20) by density, composition of the 

group, "pheromone" treatment, or their interactions (table 

4). 

There was a tendency (P<.08) for age at first 

behavioral estrus to differ as an interaction of 

composition of the group and "pheromone" treatment. The 

treatment of either water or urine tended to have little 

effect (229 vs 226 d, respectively) in the reaggregated 

groups. However, the gilts in non-reaggregated groups 

tended to have delayed puberty when they received a 

"pheromone" treatment of urine (256 d), as compared to 

those receiving water (241 d). Composition of the group 

and "pheromone" treatment did not differ (P>.24) as an 

interaction for age at first ovulation. 

There was also a tendency (P<.10) for age at first 

ovulation to differ as an interaction of composition and 

density of the group. Reaggregated gilts in pens of 6 

tended be younger at first ovulation (216 d) than 
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TABLE 5. LEAST-SQUARES MEANS FOR THE INTERACTION OF DENSITY 
OF GROUP AND "PHEROMONE" TREATMENT ON AGE AT FIRST ESTRUS 

AND AGE AT FIRST OVULATION IN GILTS 

Density 

6 

12 

Pooled ; 

^P<.003 

Pheromone 
treatment 

Water 

Urine 

Water 

Urine 

5EM^ 

• 

No. of 
gilts 

47 

45 

46 

48 

Age at 
first 
estrus, 
d̂  

224.1 

247.0 

246.0 

234.6 

7.16 

Age at 
first 
ovulation, 

d̂  

219.0 

239.6 

239.1 

229.1 

7.00 

Pooled standard error of mean, error degrees of 
freedom=173. 
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non-reaggregated gilts in pens of either 6 or 12 (243 and 

239 d, respectively). The reaggregated gilts in pens of 12 

appeared to be intermediate to the other groups (229 d). 

Composition and density of the group did not differ 

(P>.14) as an interaction for age at first behavioral 

estrus. 

The number of gilts showing estrus by seven months of 

age was affected (P<.01) by the composition of the group. 

Again, gilts in the non-reaggregated groups did not 

perform as well as those in reaggregated groups. Far 

fewer gilts in the non-reaggregated groups (10) showed 

estrus by seven months age as compared to gilts in the 

reaggregated groups (31). Composition of the group also 

interacted with density of the group (P<.05) and with 

"pheromone" treatment (P<.01) in the analysis. However, 

this was only a function of the composition effect already 

mentioned. The number of gilts showing estrus by seven 

months age did differ (P<.10) as an interaction of density 

of the group and "pheromone" treatment. More gilts from 

pens of 6 who received water as a "pheromone" treatment 

(17) showed behavioral estrus by this time than gilts in 

pens of 6 receiving urine (7) or gilts in pens of 12 

receiving either water (6) or urine (11). 

The number of gilts who showed estrus in the finishing 

house was greater (P<.025) for those who received water as 

a "pheromone" treatment (16) as compared to those who 
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received urine (4). Composition or density of the group 

did not affect (P>.25) the frequency of gilts showing 

estrus in the finishing house. Also, the three factors did 

not interact (P>.40) to affect this trait. 

The composition of the group also affected (P<.10) the 

frequency of gilts who had an undetected or silent estrus. 

Fewer gilts in reaggregated groups ovulated without 

showing behavioral estrus as compared to gilts in 

non-reaggregated groups (22 vs 36 gilts, respectively). 

The number of gilts who had a silent estrus also differed 

(P<.05) as an interaction of composition and "pheromone" 

treatment. The frequency of silent estrus increased from 

the water to urine treatments for gilts in the 

non-reaggregated groups (12 vs 24 gilts, respectively) and 

decreased from the water to urine treatments for gilts in 

reaggregated groups (14 vs 8 gilts, respectively). 

The results of this study contradict the research of 

others (Jensen et al., 1970; Mavrogenis and Robison, 1976; 

Ford and Teague, 1978) who found that density or 

composition of the group do not affect age at puberty. 

Clark et al. (1985), in a similar study found gilts reared 

in a density of 6 in non-reaggregated groups were younger 

at puberty than those reared in a density of 12 or 

reaggregated gilts in a density of 6 or 12. This present 

study, however, did not find a significant interaction for 

density and composition on age at puberty, and it was the 
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reaggregated gilts who were younger at puberty when they 

were compared to gilts in the non-reaggregated groups. 

The chi-square analysis has shown that not only are gilts 

reared in reaggregated groups younger at puberty, but that 

more of the gilts reared under these conditions reach 

puberty by seven months of age and that they have a lower 

incidence of silent estrus. The increased incidence of 

silent estrus in non-reaggregated gilts was shown to be 

even further increased by the application of urine from 

crowded gilts. 

The interaction of density and "pheromone" treatment on 

age at first estrus and age at first ovulation suggests 

that gilts reared in large groups are producing a urinary 

pheromone that is delaying puberty and that puberty can be 

delayed in gilts reared in small groups by applying the 

"pheromone" treatment. The data also shows that the 

production of this "pheromone" was not affected by the 

composition of the group. The "pheromone" treatment seems 

to exert its effects mostly while the gilts are kept under 

confinement conditions. This was evidenced by the 

increased number of gilts who were in pens of 6 and 

received water showing puberty in the finishing house. It 

was further evidenced by the increased number of gilts in 

pens of 6 receiving water showing estrus by seven months 

of age. 
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TABLE 6. ANALYSIS OF VARIANCE TABLES FOR PERFORMANCE DATA 
OF GILTS IN THE NURSERY PENS 

Source of 
variation df* 

Mean squares 

ADG ADFI F/G 

Composition (CG) 1 

Density (DG) 

CG X DG 

Error 

1 

20 

Degrees of freedom 

*P<.05. 

P<.01. 

0000002 .0284418 

0115657** .0727291* 

0000391 

,0012914 

.0008333 

.0126885 

.2076517 

.0267181 

.0091140 

.0448200 
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TABLE 7. ANALYSIS OF VARIANCE TABLES FOR PERFORMANCE DATA 
OF GILTS IN THE FINISHING PENS 

Source of 
variation df 

Composition (CG) 1 

Density (DG) 1 

CG X DG 

Error 

1 

20 

Mean squares 

Degrees of freedom 

P<.05. 

P<.01 . 

ADG ADFI 

,0000027 .0118269 

0120442 .3200489* 

0003081 

0014805 

.0222670 

.0509593 

F/G 

.0314803 

.0957639 

.0194994 

.07285467 
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TABLE 8. ANALYSIS OF VARIANCE TABLES FOR REPRODUCTIVE 
TRAITS IN GILTS 

Source of 
variation df 

Age at 
first 
estrus 

Mean squares 
Age at 
first 
ovulation 

No. of 
corpora 
lutea 

Composition (CG) 

Density (DG) 

Pheromone trt (PH) 

CG X DG 

CG X PH 

DG X PH 

CG X DG X PH 

Error 173 

'Degrees of freedom. 

P<.10. 

P<.01. 

20387.26** 15246.48 

868.74 

1691 .08 

2465.58 

3584.39 

12762.09 

661.96 

1154.75 

** 

1012.80 

1258.45 

2972.11 

1486.75 

10566.26 
** 

518.21 

1102.45 

1 .03 

1.75 

3.03 

1 .32 

7.74 

13.85 

.42 

8.95 


