
Effects of Various Male Feeding Regimens on Reproduction in Broiler Breeders 

by 

Eddy Alejandro Fontana 

Thesis submitted to the Faculty of the 

Virginia Polytechnic Institute and State University 

in partial fulfillment of the requirements for the degree of 

Master of Science 

in 

Poultry Science 

APPROVED: 

July, 1988 

Blacksburg, Virginia 

H. P. VdIl Krey 



I 

1--0 
~1o.sS-

V~SS 

I C) ¥~ 

f(p1l(J 

CI~ 



Effects of Various Male Feeding Regimens on Reproduction in Broiler Breeders 

by 
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Poultry Science 

(ABSTRACT) 

A study was conducted using commercial broiler breeders with the males fed a diet containing, 

either 120/0 or 140/0 protein and body weight maintained at either 900/0 or 1000/0 of that recom­

mended by the primary breeder (fed separately), or allowed to eat from the female feeders (controls). 

Female feeders in the separately fed pens were equipped with especially designed grills, which denied 

access to the males. The male feeder in these pens was elevated so that females were denied access. 

Males fed separately (body weight 90% or 1000/0, and dietary protein 120/0 or 140/0) had a 

significantly higher percentage fertility (4.20/0) than males allowed to eat with the females. No dif· 

ferences in percentage fertility were found among the four separately fed groups. No differences 

were noted in percentage hatch of fertile eggs among any of the treatment groups. 

Males eating from the female feeders had significantly heavier body weights and testes weights 

at 65 weeks of age than breeder males in the separately fed, groups. Mean body weights were 3819g 

and 4773g at 35 weeks of age, and 4192g and 5443g at 65 weeks of age for males eating separately 

and eating with the females, respectively. Furthermore, males in the control group had significantly 

larger breast angle measurements when compared with the separately fed males. No differences 

were observed in foot scores and semen concentration among males in the various treatment 

groups. 
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INTRODUCTION 

The so-called modern day broiler breeder male and female have been developed through in· 

tense genetic selection coupled with proper nutrition and management. These birds are capable of 

attaining high body weights and feed efficiencies, and desirable body conformation. The example 

of this genetic selection is the commercial broiler. This is exemplified through the fact that the es­

timated time required to grow broilers to a specific weight has been reduced by approximately one 

day each year. However, as beneficial as these traits are in broiler stocks, they have a negative in­

fluence on the reproductive performance of the parent stocks. This relationship is addressed in a 

review paper by Siegel and Dunnington (1985) where they outline and discuss the negative genetic 

correlation that exist between reproductive characteristics and growth related traits in broiler stocks. 

In view of this dilemma, the broiler breeder industry has developed several methods to control 

body size, and, thus, enhance the reproductive capacity of broiler parent stocks. 

INTRODUCTION 



REVIEW OF LITERATURE 

Body Weight and Reproduction 

Broiler breeder stocks have developed such an insatiable appetite, that if allowed to eat ad 

libitum they will become grossly overweight. Commercial broiler breeder males fed ad libitum for 

one week following a normal restriction program through 27 weeks of age, will consume 230% of 

the amount of feed required for recommended growth and body maintenance (Smith, 1985). Smith 

(1985) also estimated that when males and females were fed together under a restricted feeding 

program, the males consumed 400/0 more feed than was required for body maintenance and growth. 

This over consumption leads to decreased libido and, consequently, reduced flock fertility and 

hatchability. In a study involving meat-type stocks Rappaport and Soller (1966) reported a negative 

genetic correlation between growth rate and mating activity. Later Soller and Rappaport (1971) 

estimated the genetic correlation between growth and fertility to be -0.12. 

Several researchers (Jaap et al., 1962; Siegel, 1963; and Kinney and Shoffner 1965) have ob .. 

tained negative genetic correlations between growth rate at 8 weeks of age and various reproductive 

traits. Jaap et al. (1962) concluded that egg production decreased about 1 % for each 45 grams 

increase in 8 week body weight. Siegel (1963) reported a decrease in sperm motility when selection 

for growth rate occurred. Soller et al. (1965) estimated the genetic correlation between sperm 

motility and growth rate to be -0.28. 

Broiler breeder obesity has been generally associated with decreased fertility, livability, egg 

production and feed efficiency (Singsen et al., 1958; Sherwood et al., 1964; and Costa, 1981). To 

reduce or min.i.mize these effects several methods have been practiced, including feed restriction 

(daily and skip-a-day), altered energy-protein ratios, and the feeding of diets deficient in certain es .. 

sential amino acids. Wilson and Harms (1986) found that broiler breeders fed ad libitum peaked 
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in egg production earlier and had bigher egg weights than restricted groups; however, livability and 

fertility in the ad libitum group were reduced by approximately 9% and 160/0, respectively. 

Wilson et al. (1983) reported that broiler breeders reared on a restricted skip-a-day feeding 

program had body weights 390/0 and 290/0 lower at 16 and 24 weeks of age. respectively, when 

compared with ad libitum fed birds. Also, the skip-a .. day program delayed sexual maturity by 26 

days and improved subsequent fertility, egg production and egg weight by an average of 11.9%, 24 

eggs and 2.6g, respectively, when compared with the ad libitum group. Powell and Gehle (1976) 

concluded that a skip-a-day feeding program was a more effective method for controlling body 

weight and minimizing fat accumulation in broiler breeder pullets at 22 weeks of age than a daily 

feed restriction program. The skip-a-day program, which provides twice the amount of feed on an 

alternate day basis, allows for a longer continuous feeding period. This gives the less aggressive 

birds time to consume feed after the more aggressive birds have obtained their fill, and possibly 

explains why the alternate day feeding scheme is more successful. 

Wilson et aI. (1983) found that egg production was reduced by an average of 70/0, and fertility 

and hatchability improved by 8 and 90/0, respectively, when feed intake of meat-type breeders was 

restricted during the laying period. Blair et al. (1976) found an increase of 250/0 and 200/0 in the 

number of settable eggs and chicks, respectively, when broiler breeders were restricted to 80% of 

birds fed ad libitum. However, McCartney and Brown (1980) concluded that restricting the feed 

intake of broiler breeder males from 28 to 40 weeks of age to 85 and 700/0 of the amount consumed 

by ad libitum fed controls had no effect on fertility or hatchability. This suggest that the improve .. 

ment in fertility associated with restricting the body weight of broiler breeder males is derived from 

their ability to more efficiently mate and not their ability to produce more, or better quality semen. 

The effects of reduced protein and higher fiber (lower energy) diets on broiler breeders has 

been documented by several researchers. Waldroup et al. (1966) and Hanns et al. (1968) reported 

that the sexual maturity of broiler breeder pullets could be delayed by approximately 12 days with 

low protein diets. Summers et al. (1967) found that broiler breeder hens given a 140/0 protein diet 

had an egg production rate similar to that of hens provided a diet containing 16 or 180/0 protein. 

In a similar experiment Hanns and Wilson (1980) reported that broiler breeder hens obtained a 
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maximum rate of egg production when fed a diet containing as little as 130/0 protein when a mini­

mum of .470/0 total sulfur amino acids were included. However, Cave (1984) found that increasing 

the protein level from 15 to 180/0 in broiler breeder pullets from 19 to 25 weeks of age increased 

overall egg production by 90/0. 

The effects of limiting specific essential amino acids in the diet on body weight and sexual 

maturity of broiler breeders has been studied by several researchers (Singsen et al 1965; Couch and 

Trammen, 1970; Voitle et al., 1974; and Luther et ai., 1976). Luther et al. (1976) found that age 

at sexual maturity was increased by 10 to 12 days and body weight at 22 weeks of age was reduced 

an average of 120/0 when breeder pullets were fed a diet containing approximately .590/0 lysine, when 

compared to pullets fed a diet containing 1.21 % lysine. However, they did not obtain any signif­

icant differences in percentage hen -day egg production. 

Feed Restriction, Protein Level and Semen Production 

A large amount of research has been conducted to determine the nutritional and managerial 

factors required to assure adequate semen production. Parker and McSpadden (1943) reported no 

decrease in the fertilizing capacity of semen from Rhode Island Red males fed 700/0 of the feed 

provided to ad libitum controls. Brown and McCartney (1983) obtained the greatest volume of 

semen from broiler males fed 850/0 of the amount consumed by ad libitum fed controls. Further­

more, Brown and McCartney (1986) found that restricting feed intake of broiler breeder males to 

108 grams of feed/bird/day after 30 weeks of age did not significantly affect semen volume or con­

centration, when compared to breeder males fed 154 grams of feed/bird/day. In an earlier exper­

iment McCartney and Brown (1980) concluded that restricting broiler breeder males to 700/0 of the 

feed consumed by ad libitum fed controls from 25 to 28 weeks, did not significantly affect fertility 

or hatchability. However, a study by Buckner et al. (1986) indicates that males can be over re­

stricted. These researchers reported that adult broiler breeder males fed 91 grams per day of a diet 

containing 13.1 % protein; had reduced semen volume, concentration and testes weight when 
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compared with males fed 136 grams of a similar diet. Also, it should be noted that the birds fed 

at the higher level were not on an ad libitum regimen. 

Research conducted by Arscott and Parker (1963) indicated that adult White Leghorn males 

fed a diet containing 6.9% protein had a higher level of fertility than males fed a diet containing 10.7 

or 160/0 protein. Wilson et al. (1965) found that feeding White Leghorn males specially formulated 

diets containing either 4.5 or 6.750/0 protein during the adolescent period, followed by a 170/0 pro­

tein diet at 21 or 23 weeks of age, affected age at sexual maturity, but had no effect on semen con­

centration, fertility, or hatchability. Cecil (1981) reported that after semen production commences 

in turkeys, semen volume and concentration can be maintained with a dietary protein level as low 

as 11%. 

Several researchers (Wilson et al., 1968; Wilson et al., 1970 and Wilson et al., 1971) have 

concluded that low protein diets fed to broiler breeder males during rearing delayed sexual maturity, 

without affecting subsequent semen production, fertility, or hatchability. Furthermore, Vaughters 

et al. (1987) found that feeding broiler breeder cockerels a 12, IS, or 180/0 protein diet on an ev­

eryday or skip-a-day basis during the rearing period had no effect on semen quality or concen­

tration. Subsequently, they proposed feeding a 150/0 protein developer diet, on a restricted everyday 

basis for rearing broiler breeder cockerels. Wilson et aI. (1987) reported that broiler breeder males 

fed a 120/0 or 140/0 protein diet from 4 weeks of age came into semen production earlier and 

produced greater numbers of spermatozoa per ejaculate than those fed a 16% or 18% diet. Fur­

thermore, Wilson et al. (1985) found that a 90/0 protein diet fed to broiler breeder males from 6 

weeks of age resulted in lower body weights and earlier semen production when compared with 

males fed a diet containing 120/0 or 150/0 protein. It is worth noting, however, that the levels of 

dietary lysine and methionine used by these researchers were essentially equal in all three diets and 

met the requirements as established by the N.R.C. (1984). 

McDaniel (1986) described separate feeding systems for male and female broiler breeders. 

The systems are designed so that the female feeder is covered with a grill that denies males access, 

while the male feeder is elevated to a height that only they can reach. Preliminary studies indicate 
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that an improvement in reproduction traits (fertility and chicks per hen) can be obtained when male 

and female breeders are fed separately in the laying house. 

Male turkeys fed a diet containing 150/0 protein and 3000 kcal/kg had a higher percentage of 

producers of yellow semen, than those fed a diet having 10% protein and 3300 kcal/kg (Dobrescu, 

1985). The yellow semen was associated with increased seminal plasma proteins, abnormal sperm 

cells and macrophages. In a second trial, she found the yellow semen syndrome in 650/0 of the toms 

fed a diet containing 8% protein and 3000 kcal/kg. However, when the energy level was increased 

to 3300 kcal/kg a significant reduction was noted in yellow semen syndrome. Therefore, she con· 

eluded that the calorie protein ratio can have an effect on spermatogenesis and sperm quality in 

turkeys. Although the detrimental effects of yellow semen have not been demonstrated in chickens, 

it may partially explain the improved reproductive efficiency of male breeders fed lower protein 

rations (Wilson et al., 1987). 

Breast Size and Reproduction 

The development of value added products in the market place has increased consumer de­

mand for white poultry meat. This meat is obtained primarily from the pectoral or breast muscles 

of broilers and turkeys. Consequently, increased selection pressure is being applied by primary 

breeders to increase the white meat yield from these birds. The repercussions of this selection can 

best be illustrated in the turkey industry, whereby breeder toms have been selected so intensely for 

breast size that they can no longer mate effectively. 1ms has forced the industry to rely completely 

on artificial insemination for the production of fertile eggs. 

Lerner et al. (1947) calculated a heritability estimate for breast width at 12 weeks of age of 

0.2 in New Hampshire broilers. They also found a positive genetic correlation between breast width 

and body weight. Godfrey and Goodman (1956) reported a genetic correlation of .50 for 9 week 

body weight and breast angle, and concluded that selection for increased body weight resulted in a 

concurrent enlargement of breast muscle. 
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Berg and Shoffner (1954) obtained a negative genetic correlation of -.11 for breast width and 

egg production in turkeys. and concluded that selection for heavier birds with wider breasts reduced 

reproductive performance. Carte and Leighton (1969) reported negative correlation coefficients of 

-0.29 and -0.33 for mating efficiency and breast width, and mating efficiency and keel bone length, 

respectively, in turkeys. Leighton and Masincupp (1973) in a later experiment obtained similar 

coefficients for these relationships with turkeys. 

Foot Pad Dermatitis and Reproduction 

The effect of diets deficient in biotin on the incidence of pododermatitis, or foot pad 

dermatitis, has been studied by several investigators (Patrick et ai., 1942; and Friggs and Torhorst, 

1980). Harms and Simpson (1975) found a higher incidence of foot pad lesions in broiler males 

than in females, and postulated that perhaps males have a higher requirement for biotin. Robblee 

and Clandinin (1970) reported a partial reduction in the pododermatitis of turkeys fed supplemental 

biotin at levels of 0.22 mgJkg. However, Jensen (1985) reported no improvement in the foot pad 

dermatitis of broiler breeder males placed on slatted floors when their diets were supplemented with 

biotin at the level of 0.22 mg/kg. 

Pearson (1983) found a linear relationship between levels of metabolizable energy and the 

severity of foot dermatitis in caged broiler breeder hens. Birds consuming higher levels of dietary 

energy were more susceptible to foot pad lesions. Although egg production was not affected by the 

foot pad condition, an improvement in the dermatitis was observed after introducing cushioned 

floors or perches in the cages. Marginal deficiencies in methionine have been associated with 

pododermatitis in turkey poults (Chavez and Kratzer, 1984 and Murillo and Jensen, 1976). Also, 

when conducting studies with poults, Abbott et al. (1969) concluded that foot pad dermatitis was 

directly related to the level of moisture and crustiness of the litter. 

Several researchers have reported that foot pad dermatitis in broiler breeders affects their re .. 

productive capability. Jensen (1985) found that 35 week old breeder males placed in cages with 
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slatted floors developed pododennatitis within g weeks. Pigarev et al. (1976) postulated that foot 

lesions may explain some of the decrease in fertility of breeders housed in cages. Carter et al. (1972) 

reported a 9.20/0 decrease in fertility from broiler breeder flocks on wire versus litter floors, and 

concluded the reduction on wire was caused by pododennatitis among the males which affected 

their ability to mate. 
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OBJECTIVE 

The objective of this study was to detennine the effects of dietary protein level and feed re­

striction on fertility, percent hatch of fertile eggs, semen concentration, testes weight, male body 

weight, foot pad dermatitis, and breast angle. Broiler breeder males were fed diets containing 12% 

and 140/0 protein, while maintaining body weight at 90% or 1000/0 of that recommended by the 

primary breeder. A treatment where a diet providing 140/0 protein was fed to males and females 

together, served as a control. 
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MATERIALS AND METHODS 

Brooding and Rearing - 0 to 20 Weeks of Age 

One hundred Peterson male and 600 Hubbard female chicks of broiler parent stock were 

hatched on June 6, 1986, divided into groups of 50 and 43 birds, respectively t and placed in 16 light 

controlled brooding pens (1.52 x 3.66m). All pens had concrete floors and were covered with 7.5 

em of clean pine shavings. Temperature was maintained at 30° C for the rust week and then re­

duced 1.8° C each week until 21° C was reached at 35 days of age. This minimum temperature 

was maintained for the remainder of the rearing period. Maximum temperatures during the rearing 

period were influenced by outside summer temperatures. Pens were ventilated with exhaust fans 

but were not mechanically cooled. 

A diet providing 15.50/0 protein and 2897 kca1/kg. M.E. (Table 1) was fed ad libitum for the 

rust two weeks, then restricted by volume and fed every other day (skip-a-day) to maintain body 

weight in a range suggested by the primary breeders (Hubbard, 1986 and Peterson, 1986). One half 

of the birds in each pen was weighed weekly to estimate mean body weight. Water was provided 

ad libitum. 

Chicks were placed on a 24 hour photoperiod regimen for the rust seven days, after which 

time it was reduced to 8 hours of light per day and remained at this level until the conclusion of the 

rearing period. Light intensity during the photophase was approximately 20 lux. At ten days of 

age, beaks were trimmed on all chicks in accordance with the recommendations of the primary 

breeders. 
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Table 1. Composition and calculated nutrient content of-the starter-developer diet 

Ingredient Composition (0/0) 

Ground yellow com 
Wheat middlings 
Dehulled soybeam meal (490/0) 
Com gluten meal (60%

) 

Animal fat 
Dicalcium phosphate (18.5 % ) 
Limestone 
Iodized salt 
Vitamin premixl 

Trace mineral mixo2 

DL-Methionine 
Monensin sodium premix3 

Total 

Calculated analysis 
Protein, 0/0 
Metabolizable energy, kcal/kg 
Calcium, 0/0 
Phosphorus, available, 010 
Lysine, % 
Methionine, 0/0 

64.75 
16.25 
11.25 
3.75 

.20 
1.75 
1.05 
.25 
.50 
.05 
.10 
.10 

100.000/0 

15.7 
2897 

.93 

.46 

.63 

.32 

1 Supplied per kg of diet: 8,820 IV vito At 3,307 IV vito D3 , 5.5 IU vito E, 3.5 mg menadione 
sodium bisulfite, 1.1 mg thiamine HCLll, 4.4 mg riboflavin, 8.8 mg calcium D-pantothenate, 
44 mg niacin, 375 mg choline chloride, .011 mg vito B12 , 1.1 mg folic acid, 1.1 mg pyridoxine 
HeL, .11 mg biotin, 992 mg DL-methionine, 125 mg ethoxyquin, 5.5 mg bacitracin, and .2 
mg selenium. 

2 Trace mineral mix contains: 12.0% manganese, 12.00/0 zinc, 4.0% iron, 0.50/0 copper, 0.2% 
iodine, and 0.045% cobalt. 

3 Premix. provided 121 mg monensin sodium/kg diet. 
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Reproduction - 20 to 65 Weeks of Age 

At 20 weeks of age breeder cockerels and pullets were selected to remove obvious culls, leg 

banded, and randomized into ten breeder pens (2.44 x 4.88m). Fifty females and five males were 

placed in each pen. Each pen had a 1.60 x 1.98m glass window providing a southern exposure. 

The following replicated dietary and feed restriction treatments were imposed on the male breeders 

in a factorial manner: 

A. Control: Males and females were fed together and received a 140/0 protein, 2922 kcal/kg. ME 

diet formulated for breeder hens (Table 2). Feed allocation was based on maintaining recom­

mended body weight and egg production for breeder hens (Hubbard, 1987). As a result, male 

feed consumption and body weight were only partially restricted. 

B. 14-100: Males and females were fed separately, with males and females receiving the 140/0 

protein breeder diet. Feed allocation was restricted to maintain male body weight at 1000/0 of 

that recommended by the primary breeder (Peterson, 1986). 

C. 14-90: Males and females were fed separately, with males and females receiving the 140/0 protein 

breeder diet. Feed allocation was restricted to maintain male body weight at 90% of that re­

commended by the primary breeder. 

D. 12-100: Males and females were fed separately, with males receiving a 120/0 protein, 2781 

kcal/kg. ME diet (Table 3). Females received the 14% protein diet. Feed allocation was re­

stricted to maintain male body weight at 1000/0 of that recommended by the primary breeder. 
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Table 2. Composition and calculated nutrient content of the breeder diet (female diet) 

Ingredient Composition (0/0) 

Ground yellow com 
Dehulled soybeam meal (49% ) 

Com gluten meal 
Menhaden fish meal 
Iodized salt 
Limestone 
Dicalcium phosphate 
Vitamin premix 
Trace mineral mix2 

DL-Methionine 
Choline chloride 
Lysine 

Total 

Calculated analysis 
Protein, 0/0 
Metabolizable energy, kca1/kg 
Calcium, % 

Phosphorus, 0/0 
Lysine, 0/0 
Methionine, 0/0 

76.24 
9.5 
2.85 
1.05 
.35 

7.15 
1.52 
1.02 
.051 
.032 
.082 
.15 

100.000/0 

13.7 
2922 

3.13 
.60 
.71 
.33 

1 Supplied per kg of diet: 5,513 IU vito A, 2,205 IU vito 0 3, 2.2 IU vito E, 3.5 mg menadione 
sodium bisulfite, 4.4 mg riboflavin, 11 mg calcium D-pantothenate, 33 mg niacin, 250 mg 
choline chloride, 6.6 mg vito B12 , .55 mg folic acid, 124.60L-methionme, 125 mg ethoxyquin, 
and .1 mg selenium. 

2 Trace mineral mix contains: 12.00/0 manganese, 12.0% zinc, 4.00/0 iron, 0.50/0 copper, 0.20/0 
iodine, and 0.0450/0 cobalt. 
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Table 3. Composition and calculated nutrient content of the male breeder diet 

Ingredient Composition (0/0) 

Ground yellow corn 
Wheat middlings 
Wheat bran 
Rice hulls 
Dehulled soybean meal (490/0) 
Dehydrated alfalfa meal (17.50/0) 
Dicalcium phosphate 
Ground limestone 
Iodized salt 
Vitamin premix1 

Trace mineral mix.% 

Total 

Calculated analysis 
Protein, 0/0 
Metabolizable energy, kcal/kg 
Calcium, 0/0 
Phosphorus, 0/0 
Lysine, 0/0 
Methionine + cystine, 0/0 

70 
8 
2 
3.5 
7.5 
5.5 
1.9 
1.0 
.3 
.25 
.05 

100.000/0 

12.4 
2781 

.89 

.74 

.51 

.43 

1 Supplied per kg of diet: 5,513 IU vito A, 2,205 IU vito 0 3 , 2.2 IU vito E, 3.5 mg menadione 
sodium bisulfite, 4.4 mg riboflavin, 11 mg calcium D-pantothenate, 33 mg niacin, 250 mg 
choline chloride, 6.6 mg vito Bu, .55 mg folic acid, 124.6 DL-methionine, 125 mg ethoxyquin, 
and .1 mg selenium . 

.% Trace mineral mix contains: 12.00/0 manganese, 12.00/0 zinc, 4.00/0 iron, 0.5% copper, 0.2% 
iodine, and 0.0450/0 cobalt. 
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E. 12-90: Males and females were fed separately, with males receiving the 120/0 protein diet (D 

above). Females received the 140/0 protein diet. Feed allocation was restricted to maintain male 

body weight at 90% of that recommended by the primary breeder. 

Female breeders were managed and fed according to recommendations of the primary breeder 

(Hubbard, 1987). 

In treatments B through Ef grills with a 4.1-3 em horizontal and 7.62 cm vertical opening were 

placed on three tube feeders (same type for females and males) in each pen to deny males access. 

The pan on each feeder measured 41 cm in diameter and 10.2 cm deep, and provided 7.72 cm of 

feeder space per hen housed. Females were denied access to the single male feeder, which was 

similar to the female feeders but without a grill in these treatments, by elevating it to a height of 

46 em. The single feeder provided each male with 25.7S em of feeding space. Three tube feeders 

without grills were placed in the control pens, and provided 7.02 em of feeder space per bird. Re­

striction of feed was employed on an everyday basis in all treatments during the laying cycle. 

The photoperiod was increased from 8 to 14 hours a day when birds were moved from the 

rearing pens into the laying pens (20 weeks) and was further increased one hour at 22 and 24 weeks 

of age, respectively. The photoperiod remained at 16 hours per day until the end of the exper­

imental period. A minimum light intensity of 11.5 lux was provided with incandescent lamps dur­

ing the morning and evening hours. Intensity increased to above 500 lux during the daylight period. 

All males were weighed weekly and feed adjustments were made based on body weight. Male 

breast angle measurements and foot scores were taken every four weeks, with the first measurements 

made at 28 weeks of age. Breast angle measurements were made by using the Virginia Breast Meter 

(Bywaters and Siegel, 1958). Foot scoring was based on a numerical ranking system using scores 

from 1 to 6, with 1 representing foot pads and toes with no dennatitis or calloused areas, and 6 

representing severely sore and calloused foot pads and toes (Weaver, 1971). 

Starting at 28 weeks of age and continuing each 4 weeks thereafter, semen concentration was 

measured. Males were separated from the females with wire partitions in the same pen for three 

days prior to semen collection. The technique as described by Burrows and Quinn (1937) was used 
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when collecting semen. After collection, semen concentration was determined by using the 

spermatocrit method described by Hickman (1958). At the conclusion of the experiment, males 

were weighed, sacrificed and testes removed to determine weight. 

One-half of the females in each pen were weighed bi-weekly until peak production, and then 

each four weeks thereafter. Feed allotments were based on egg production, along with body weight 

as recommended by the primary breeder (Hubbard, 1987). Females received approximately 160g 

of feed per hen per day from 250/0 production to four weeks after peak production. Thereafter, the 

daily feed allotment was reduced approximately, 0.70g per week until 140g of feed per hen was 

provided. 

Beginning at 28 weeks of age and then each four weeks thereafter, hens were trapnested for 

three consecutive days. All eggs gathered during this period were identified by pen and bird (band) 

number, and stored in a cooler at 180 C and 750/0 relative humidity (R.H.). Six days after the frrst 

collection, all eggs were removed from the cooler and allowed to warm up at room temperature 

(21 0 C) for 1.5 hours, individually weighed, and placed in a incubator at 37.5° C and 550/0 R.H. 

At 18 days of incubation early dead embryos and infertile eggs were indentified by candling, re­

moved from the trays and broken out to distinguish between these two categories. The remaining 

eggs were placed in a hatcher for 3 days at 37.2° C and 650/0 R.H., after which time late deads, 

pipped shells and viable chicks were recorded. 

Hen-housed egg production and feed conversion, as measured by the amount of feed (kg) 

consumed by breeders (males and females) per dozen eggs produced, were summarized in ten 

4-week periods starting at 25 weeks of age. Female to male ratio and cumulative mortality by 

treatment were also summarized for the ten production periods. 
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STATISTICAL ANALYSES 

Analysis of variance was used to determine significant differences among treatment means for 

percentage fertility and percentage hatch of fertile eggs (Ray et al., 1982). When significant differ­

ences were found (P :s: .05), Duncan's multiple range test and orthogonal contrasts were used to 

partition individual differences within the treatments. The statistical model used when analyzing 

these variables was: 

where i = 1, 2, 3,4, and 5 treatments (1). j = 1, 2 replications within treatments (R), k = 1, 2,. .. 10 

periods (P). 

Significant differences among treatments for body weight, breast angle measurement, foot 

score, hen-housed egg production, feed efficiency and semen density, and testes weight were deter­

mined by using a split-plot analysis of variance. (Ray et ai., 1982). Duncan's multiple range test 

and orthogonal contrasts were used to determine differences between treatment means (P :s; .05). 

These variables were analyzed using the following statistical model: 

where i = 1, 2, 3, 4, and 5 treatments (1), j = 1, 2 pens within treatments (R), B = whole plot 

error, k = 1, 2 ... 10 periods (P). 

Fertility, hatch of fertile eggs, semen density and hen-housed egg production were estimated 

as a percentage and were transfonned to arc sin..) % prior to analysis (Snedecor and Cochran, 1980). 

Also, correlation analyses were conducted among the following variables: fertility, male body 

weight, breast angle measurement, foot score, semen density, testes weight, males producing semen, 

and age. 
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RESULTS AND DISCUSSION 

Percentage Fertility 

Significant differences'(P < .05) in percentage fertility were fust observed at 40 weeks and then 

again from 52 through 60 weeks of age (Table 4). During the latter periods fertility was generally 

higher in pens where males and females were fed separately than in the control pens. The difference 

between these two groups was the greatest at 52 weeks when a 10% increase was noted. 

Mean percentage fertility for the entire production cycle was significantly lower for broiler 

breeders in control pens when compared to the separately fed treatment groups (Table 4). A re­

duction in fertility of 4.2% was observed in pens where male breeders were fed together with hens, 

and, thus, were only partially restricted. There were no significant differences in percentage fertility 

over the life of the flock in pens where males and females were fed separately. This indicated that 

the two dietary protein levels (120/0 and 140/0) and the two body weight restriction regimens (900/0 

and 1000/0) imposed on the male breeders had a minimal effect on fecundity. 

The results from this study are in general agreement with those of Brown and McCartney 

(1986), McDaniel (1986), and Vaughters et al. (1987), who reported that restricting feed consump­

tion, and, thus, body weight in broiler breeder males resulted in equal or better fertility. However, 

in contrast to the findings of McDaniel (1986) who reported improved fertility when males were 

provided diets with lower levels of protein, no such differences were found in this study. 

Among the factors that possibly contributed to the improved performance among males fed 

separately are lower body weights and reduced breast size. A reduction in each of these factors 

apparently improved the mating effeciency of these birds. This observation is supported by negative 

correlations between fertility and male body weight ( .. .45) and breast angle ( ... 19), respectively (Ta­

ble 5). 
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Table 4. Effect of two dietary protein levels and feed restriction on the fecundity of broiler 
breeder males 

ab 

2 

3 

4 

5 

Control l 14 .. 1002 
Dietary Treatments 

14-903 12-1004 12-905 

Weeks 
of Age Mean (± SEM) Percentage Fertility 

28 88.8± 3.19a 90.0±2.94a 93.1±2.3Sa 92.3±2.17a 86.7±3.46a 

32 9S.8± 1.69a 96.6± 1.60a 94.7± 1.94a 94.S± 1.8Sa 94.7±2.17a 

36 94.7±2.03a 96.S± 1.43a 96.2± 1.S3a 98.6±.8Sa 95.2± 1.75a 

40 91.2± 2.71ab 96.6± 1.60a 95.0± 2. 19ab 88.4±2.97b 9S.2± 2.08ab 

44 91.1 ±2.91a 94.8±2.20a 89.8±2.93a 9S.6± 1.43a 90.3±2.74a 

48 91.4±2.7Sa 94.4±2.04a 94.7±2.26a 97.0± l.S8a 95.6±2.08a 

52 86.3±3.48b 95.3±2.16a 97.4± 1.47a 98.7± .92a 9S.3±2.1Sa 

56 85.9±3.84b 92.0 ± 3.12ab 93.7 ± 2.69ab 96.8± 1.73a 95.8±2.2Sa 

60 8S.9±4.34b 84.7±4.S6b 97.2± 1.45a 92.0 ± 2.72ab 92.9 ± 3.09ab 

64 82.8±4.60a 89.0±4.S4a 96.4±2.31a 91.6±3.2Sa 91.9±4.16a 

28-64 89.9b 93.7a 94.6a 94.7a 93.3a 

Means with different letters within a row are significantly different (P < .05). 

Males and females fed together a 140/0 protein, 2922 kcal/kg ME breeder diet; Male body 
weight only partially restricted. 

Males fed separately a 140/0 protein, 2922 kcal/kg ME diet; Male body weights restricted to 
1000/0 of that recommended by primary breeder. 

Males fed separately a 14 % protein, 2922 kcal/kg ME diet; Male body weights restricted to 
900/0 of that recommended by primary breeder. 

Males fed separately a 120/0 protein, 2781 kcal/kg ME diet; Male body weights restricted to 
1000/0 of that recommended by primary breeder. 

Males fed separately a 12% protein, 2781 kcal/kg ME diet; Male body weights restricted to 
900/0 of that recommended by primary breeder. 
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Table 5. Correlation coefficients among mean percentage fertility, male body weight, breast 
angle measurement, foot score, semen concentration, males producing semen, and 
age 

FERT1 t
2 MBW2 ,3 BAM2 ,4 FS2 ,s SC2 ,6 TW' MPS8 ,2 AGEl 

FERT 1.00 

MBW -.45·· 1.00 

BAM -.19· .65+· 1.00 

FS -.16 .42++ .1S·· 1.00 

SC -.04 .09 -.21·· -.11 1.00 

TW .44·· .06 1.00 

MPS -.05+ .05 -.27+· .39++ 1.00 

AGE .42·· -.04 .40·· .45+· .07·· 1.00 

Percentage fertility. 

2 Measured from 28 through 64 weeks of age in 4-week intervals. 

3 MBW = Male body weight 

" BAM = Breast angle measurement 

5 FS = Foot score 

6 SC = Semen concentration 

7 TW = Testes weight at 65 weeks of age 

8 MPS = Males producing semen 

.p < .05 

•• p < .01 
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The possible effects of preferential mating on percentage fertility is also worth noting. It was 

observed that certain hens during each three day collection period were completely infertile. Also, 

it was observed that the same hens were not always infertile; however, certain hens were infertile 

for more periods than others. Therefore, at the conclusion of the experiment (65 wk) a total of & 

breeder hens, which had laid infertile eggs during the last two test periods (60 and 64 weeks of age), 

were placed in a single pen with no males. Mter 7 days in the holding pen these hens were 

inseminated with pooled semen from males used in the study. Eggs laid by these hens were col­

lected and incubated for 72 hours and broken out to determine the presence or absence of 

embryonic development. Of the 8 inseminated hens, only one consistantly laid eggs that were in­

fertile (Table 6). Therefore, it would appear, that the hens which laid infertile eggs during the latter 

stage of the production cycle were not properly mated. However t because of the small number of 

males in each pen, it is more likely that preferencial mating occurred. This behavior did not appear 

to be associated with the treatments imposed in this study, as the condition was observed in all 

groups. 

Percentage Hatch of Fertile Eggs 

No significant (P < .05) differences were observed among the treatments in percentage hatch 

of fertile eggs (Table 7). Furthermore, mean percentage hatch of fertile eggs among the treatment 

groups for the entire production cycle was not significantly different. These results are consistant 

with the objective of this study, as the treatments imposed were expected to affect fertility and not 

hatchability of eggs set. 

It is worth noting that the percentage hatch of eggs set was consistantly lower (approximately 

90/0) in all treatments than the levels published by the primary breeder (Hubbard, 1987). This is 

probably caused by the inability of the units at the V.P.I. & S.U. Poultry Research Center to 

maintain the precise environmental conditions required during incubation. In order to confum this 
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Table 6. Effect of inseminating breeder hens with pooled semen on percentage fertility at 65 
weeks of age 

Hen # Eggs Produced 1 Fertility % 2 Eggs Laid3 Fertility 0/0
4 

1 4 0 5 80 

2 3 0 1 100 

3 3 0 5 0 

4 4 a 2 100 

5 4 0 3 33 

6 4 0 6 83 

7 5 0 5 100 

8 4 a 3 100 

1 Total number of eggs laid during the last two test periods. 

2 Percentage fertility of eggs laid during the last two test periods. 

:3 Total number of eggs laid after artificial insemination at 65 weeks of age. 

4 Percentage fertility of eggs laid after artificial insemination. 
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Table 7. Effects of males provided two dietary protein levels and feed restriction on percentage 
hatch of fertile eggs 

a 

2 

3 

4 

5 

Controll 14-1002 
Dietary Treatments 

14-903 12.1004 12.905 

Weeks 
of Age Mean (: SEM) Hatch of Fertile Eggs (0/0) 

28 76.1:3.69a 73.4:4.28a 71.8:4.04a 76.1:4.09a 79.0±3.95a 

32 80.0:3.01a 80.9:3.44a 74.7:3.65a 83.5:3.02a 81.5:3.59a 

36 75.7:3.76a 83.0:3.15a 81.4: 3.24a 84.6:1: 2.56a 79.6:1: 3.73a 

40 84.1:3.09a 77.8:3.63a 79.4:3.63a 83.6:3.50a 85.2:3.24a 

44 79.0:3.97a 84.6:3.20a 75.4:3.87a 80.8±3.31a 83.6±3.68a 

48 79.3±4.05a 84.4± 3.60a 84.6±3.318 88.9±2.81a 77.7±4.09a 

52 80.2:3.74a 84.2±3.618 81.8±3.28a 83.4±3.25a 75.5:1:4.43a 

56 77.7±4.34a 78.7±4.20a 86.4± 3.14a 86.2:1: 3.21a 76.4±4.86a 

60 84.1±3.97a 74.5± 5.08a 77.2±4.10a 78.3:1: 4.68a 71.8± 5.72a 

64 85.7:1: 4.04a 70.2:1:5.89a 81.9±4.78a 69.1:1: 5.73a 74.1 :l:6.18a 

28-64 79.8a 79.9a 79.3a 82.0a 79.0a 

Means with different letters within a row are significantly different (P < .05). 

Males and females fed together a 140/0 protein, 2922 kcal/kg ME diet; Male body weight only 
partially restricted. 

Males fed separately a 140/0 protein, 2922 kcal/kg ME diet; Male body weights restricted to 
1000/0 of that recommended by primary breeder. 

Males fed separately a 140/0 protein, 2922 kcal/kg ME diet; Male body weights restricted to 
900/0 of that recommended by primary breeder. 

Males fed separately a 120/0 protein, 2781 kcal/kg ME diet; Male body weights restricted to 
1000/0 of that recommended by primary breeder. 

Males fed separately a 12% protein, 2781 kcal/kg ME diet; Male body weights restricted to 
900/0 of that recommended by primary breeder. 
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supposition, 11 dozen eggs per treatment group were collected when the breeders were 60 weeks 

of age and incubated in a commercial hatchery in Harrisonburg, Virginia. 

Eggs from that same period were incubated in our facilities. Eggs incubated at the commercial 

hatchery had an 8.30/0 higher hatchability than those in our units (Table 8). With this increase, the 

average percentage hatch of all eggs set was elevated to 78.50/0 for this period, which is comparable 

to the standard of 790/0 (Hubbard, 1987). 

Male Body Weight 

Significantly heavier (P < .05) body weights were observed for males in the control pens be­

ginning at 32 weeks of age when compared with birds in the four separately fed groups (Figure 1). 

This pattern continued until the conclusion of the experiment at 65 weeks of age. Furthermore, 

breeder males in the control treatment were consistantly heavier than the body weight standard set 

by the primary breeder (Peterson, 1986). The elevation in body weight in control males when 

compared with the breeder recommendation ranged from 90/0 at 29 weeks to 230/0 at 49 weeks of 

age. 

These results illustrate the inability to control the body weight of breeder males when they 

are allowed to eat with the females. The findings from this study are in general agreement with 

those reported by Smith (1985), who found that broiler breeder males fed with females under a 

restricted feeding program, will consume a greater amount of feed than is required for body main­

tenance and recommended growth. 

No differences (P < .05) in male body weight were found during the experimental period 

between the four separately fed treatments (Figure 1). It was possible in most instances to maintain 

the weights of the male breeders in the 900/0 groups below those in the 100% groups even though. 

intense social interactions often occurred, whereby the more dominant males in a pen would ex­

clude one or two of the less dominant males from the feeder. This was especially true for the pens 

where male body weight was restricted to 900/0 of the recommended level. 
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Table 8. Comparison of percentage hatchability and hatch of fertile eggs incubated at the 
V.P.I. & S. U. Poultry Research Center and a commercial hatchery in Harrisonburg, 
Virginia. 

V.P.I. & S.U. 

Hatchability( % ) 

Hatch of 
Fertile Eggs( % ) 

RESULTS AND DISCUSSION 

70.2 

77.2 

Harrisonburg, VA Hubbard Standard 

78.S 79.0 

85.9 
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Figure 1. Effects of two dietary protein levels and feed restriction on male body weight. 

* Controls were significantly heavier than the four separately fed groups from 32 weeks of 
age to the end of the experiment (P .05). 



Breast Angle Measurement 

Beginning at 40 weeks of age breast angle measurements were significantly greater (P < .05) 

for broiler breeder males in the control group when compared with males in the four separately fed 

treatments (Table 9). With the exception of the 12-100 group at 44 weeks of age, this difference 

continued until the end of the experiment. These data correspond with those for body weights, and 

support the positive correlation coefficient of .65 (P < .01) which was calculated between body 

weight and breast angle measurement (Table 5). This relationship is in agreement with that meas­

ured by Lerner et al. (1947) who reported a positive genetic correlation between breast width and 

body weight. 

The greatly enlarged pectoral muscles of the modem-day commercial male turkey breeder 

have made natural mating ineffecient and commercially inpractical. Several researchers (Carte and 

Leighton, 1969 and Leighton and Masincupp, 1973) have reported a negative correlation between 

breast width and mating efIeciency in turkeys. The significant negative correlation obtained in this 

study between breast angle measurement and fertility ( •. 19) supports this earlier research. It appears 

that selection for increased breast size in broilers has not had the detrimental effect on mating 

effeciency in the parent stock as it has in breeder turkeys. Nevertheless, when associated with ex­

cessive body weight, increased breast size apparently contributed to the lower percentage fertility 

observed in the control treatment when compared with the separately fed groups (Table 4). 

Male Foot Score 

No differences (P < .05) were observed in foot scores among any of the treatments imposed 

in this study (Table 10). However, breeders in the control treatment did have a numerically higher 

foot score, and, thus, a greater pododermatitis condition after 28 weeks of age, than males in the 

separately fed treatments. A significant (P < .01), positive correlation coefficient of .40 was measu-
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Table 9. Effect of two dietary protein levels and feed restriction on breast angle( degrees) of 
broiler breeder males 

abc 

2 

3 

4 

5 

Control l 14-1002 
Dietary Treatments 

14-903 12-1004 12-905 

Weeks 
of Age Breast Angle (:I: SEM) 

28 85.3:1: l.4a 81.9:1: 1.3a 81.5± 1.7a 79.4± 1.8a 79.0± 1.2a 

32 89.3:1: 1.9a 78.3:1: 1.7a 80.2±3.0a 78.7± 1.4a 80.7:1: 2.1a 

36 92.3± I.8a 80.5±2.0a 80.9±3.2a 81.1:1: 1.8a 80.6±2.3a 

40 94.1±2.4a 82.3± 1.7b 80.9±2.8b 84.2± 1.9b 84.6± 1.9b 

44 88.1 ± 1.8a 79.2± 1.5b 79.5±2.0b 83.3± 1.6ab 80.0±2.4b 

48 90.1:1: 1.8a 78.7± 1.3c 81.3:1: 2.2bc 84.2± 1.5b 83.2±2.3bc 

52 88.5:1: 1.7a 79.9:1: 1.0b 83.0±2.1b 83.1 ± l.lb 80.6:1: l.8b 

56 92.7:1: 2.0a 81.8:1: 1.2b 83.8± 1.9b 83.4:1: 2.1b 80.7±2.6b 

60 86.8:1: 1.9a 77.1:1: .81b 80.4::i: l.4b 78.9::i: 1.3b 78.2±2.0b 

64 87.7::i: 1.9a 77.1 ± 1.2b 80.S± 1.Ib 77.2± 1.lb 76.l± 1.6b 

Means with different letters within a row are significantly different (P < .05). 

Males and females fed together a 140/0 protein, 2922 kcal/kg ME diet; Male body weight only 
partially restricted. 

Males fed separately a 140/0 protein, 2922 kcal/kg ME diet; Male body weights restricted to 
100% of that recommended by primary breeder. 

Males fed separately a 140/0 protein, 2922 kcal/kg ME diet; Male body weights restricted to 
900/0 of that recommended by primary breeder. 

Males fed separately a 120/0 protein, 2781 kcal/kg ME diet; Male body weights restricted to 
1000/0 of that recommended by primary breeder. 

Males fed separately a 120/0 protein, 2781 kcal/kg ME diet; Male body weights restricted to 
900/0 of that recommended by primary breeder. 
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Table 10. Effect of two dietary protein levels and feed restricti~n on male broiler breeder foot 
scores 

a 

2 

3 

4 

5 

6 

Control I 

Weeks 
of Age 

28 1.40:!: .12a 

32 2.20:!: .20a 

36 2.45±.20a 

40 2.60±.19a 

44 2.60=*:: .22a 

48 3.25±.30a 

52 3.3S±O.49a 

56 3.30±0.48a 

60 3.05±0.47a 

64 3.1S=*::0.47a 

l)iet~ Treatnlents 
14-1002 14-903 

Foot Score6 (=*:: SEM) 

1.65:!: .20a 1.70±.25a 

1.6S±.22a 1.80:!: .28a 

2.05:!: .24a 2.17±.24a 

2.0S±.2Sa 1.94± .26a 

2.05±.22a 2.00±.30a 

2.35± .22a 2.25±.35a 

2.50±.26a 2.75± .42a 

2.8S±.27a 2.69±.S4a 

2.94±.43a 2.81 ± .50a 

3.11± .47a 2.63±.52a 

12-1004 

1.55± .19a 

2.00± .25a 

2.22=*:: .22a 

2.00± .24a 

2.00±.24a 

2.56± .18a 

2.83±.36a 

3.17± .46a 

3.17± .47a 

2.78=*:: .43a 

1.75± .13a 

1.75± .13a 

1.95± .17a 

1.90=*:: .14a 

1.90± .14a 

2.33±.17a 

2.28±.29a 

2.44±.38a 

2.39± .40a 

2.22±.33a 

Means with different letters within a row are significantly different (P < .05). 

Males and females fed together a 140/0 protein, 2922 kcal/kg ME diet; Male body weight only 
partially restricted. 

Males fed separately a 14% protein, 2922 kcal/kg ME diet; Male body weights restricted to 
1000/0 of that recommended by prim~ breeder. 

Males fed separately a 140/0 protein, 2922 kcal/kg ME diet; Male body weights restricted to 
900/0 of that recommended by prim~ breeder. 

Males fed separately a 120/0 protein, 2781 kcal/kg ME diet; Male body weights restricted to 
1000/0 of that recommended by prim~ breeder. 

Males fed separately a 120/0 protein, 2781 kcal/kg ME diet; Male body weights restricted to 
90% of that recommended by prim~ breeder. 

Numerical ranking with one demonstrating no and six demonstrating severe foot pad and toe 
lesions. 
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red between foot score and age in weeks for the males (Table 5). This relationship indicated that 

as the breeders aged, foot pad dermatitis became worse. This was most apparent in the male 

breeders in the separately fed treatments, as a gradual but consist ant increase in foot pad score was 

observed throughout the experiment. Furthermore, pododermatitis condition increased over time 

and was associated with an increase in body weight. The relationship between these two variables 

produced a significant (P < .01) correlation coefficient of .42 (Table 5). 

The pattern of increased foot scores among males in the control treatment was observed 

through 52 weeks of age (Table 10). An increase in body weight occurred prior to the onset of 

pododermatitis. However, once the foot pads and toes of a particular male became inflamed, that 

bird generally exhibited a reduction in activity, and in many cases lost weight. The reduced activity 

associated with the foot pad dermatitis could help explain the decrease in male body weight ob­

served at 53 and 54 weeks of age (Figure 1), and the decline in percentage fertility at 52 and 56 weeks 

of age (Table 4), and is in agreement with the findings of Pigarev et ale (1976) and Jensen (1985) 

who reported a general decrease in fertility among male broiler breeders as pododermatitis condi­

tions worsened. 

Semen Concentration 

Other than at 28 weeks of age, no differences (P < .05) in semen concentration were observed 

among broiler breeder males in this experiment (Table 11). This indicates that the different body 

weight restriction and dietary protein treatments imposed on the males in this study had minimal 

influence on their ability to produce spermatozoa. Consequently, it is plausible to assume that the 

lower percentage fertility associated with breeders in the control treatment (Table 4) was not caused 

by the inability of the males to produce an adequate number of sperm cells, but rather the inability 

of these birds to place these spermatozoa into the vagina of the breeder hens during mating. In 

other words, the reduced fertility among hens in the control treatment when compared with the 

separately fed treatments appears to be more physical than physiological in nature. 
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Table 11. Effect of two dietary protein levels and feed restriction on semen concentration and 
testes weight of broiler breeder males 

ab 

2 

3 

, 

6 

Weeks 
of Age 

28 

32 

36 

40 

45 

49 

53 

57 

61 

65 

Testes6 

Weight 

Control I 
I)ietary TreatIIlents 

14-1002 14-903 12-1004 

Number of Spennatozoa(billions)/ml. (:I: SEM) 
5.80:1:: .45b 7.13:1:: .55ab 7.27:1:: .52ab 7.51:1:: 1.1a 

5.34:1: .57a 5.43:1:: .56a 4.77:1:: .31a 6.71:1: .94a 

4.8S:I::.74a 5.86:1: .43a 5.45:1:: .71a 4.67:1::.S6a 

4.71:1: .44a 5.61:1:: .33a S.12±.25a 5.11 ± 1.2a 

5.86:1: .74a 7.41±.51a 6.09± .23a 5.05:1: 1.2a 

4.77:1:: .SOa 5.03:1::.54a 4.67:1:: .S5a 4.87:1:: .65a 

4.26:1::.37a 5.00:1:: .63a 4.36±.50a 6.01±.71a 

4.57:1: .41a 5.9S:I::.S4a 5.45±.5Oa 6.94±.92a 

4.44:1::.36a 4.97:1::.40a S.S5±.33a 4.70±.23a 

6.71:1: .58a 7.23:1: .52a 8.13:1: .48a 5.32±.61a 

48.5:1:: S.03a 19.1:1::4.1b 29.9±7.37b 20.6±4.39b 

12-90' 

6.85:1::.69ab 

5.08± .9Sa 

5.73:1:: .60a 

4.49±.76a 

5.50:1:: .48a 

5.S0± .31a 

5.65±.61a 

4.77:1::.53a 

4.70± .43a 

7.64± .86a 

l7.6±3.67b 

Means with different letters within a row are significantly different (P < .05). 

Males and females fed together a 140/0 protein, 2922 kcal/kg ME diet; Male body weight only 
partially restricted. 

Males fed separately a 140/0 protein, 2922 kcal/kg ME diet; Male body weights restricted to 
100% of that recommended by primary breeder. 

Males fed separately a 140/0 protein, 2922 kcal/kg ME diet; Male body weights restricted to 
900/0 of that recommended by primary breeder. 

Males fed separately a 120/0 protein, 2781 kcal/kg ME diet; Male body weights restricted to 
100% of that recommended by primary breeder. 

Males fed separately a 120/0 protein, 2781 kcal/kg ME diet; Male body weights restricted to 
900/0 of that recommended by primary breeder. 

Mean testes weight(g) at 65 weeks of age. 
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These results are in agreement with findings reported by several researchers. Restricting feed 

consumption of male breeders to 700/0 of the recommended level (Brown and McCartney, 1986), 

as well as feeding broiler breeder males a 12% protein diet (Wilson et al., 1987 and Vaughters et 

al., 1987) did not affect semen concentration. Also Burke and Mauldin (1985) found that in a 

commercial broiler breeder flock, males were capable of producing adequate volumes of semen, 

with desireable levels of spermatozoa, even when they were incapable of mating. 

Testes Weight 

Males in the control treatment had significantly (P < .05) larger testes at 65 weeks of age than 

males in the separately fed groups (Table 11). No difference in testes weight was measured among 

males in the treatments receiving two levels of protein or maintained at two body weights. These 

results are in agreement with those of Wilson et al. (1987a,b), who found no difference in testes 

weights of broiler breeder males fed various dietary protein levels. Furthermore, the results from 

the present study support the fmdings by Brown and McCartney (1983) and Wilson et al. (l987a) 

who reported that breeder males with larger testes do not necessarily produce more spermatozoa. 

A positive correlation coefficient of 0.11 (P < .05) was estimated between testes weight and 

males producing semen (Table 5). This correlation indicates that even though larger testes may not 

produce more semen, there is possibly a minimum size required before semen production can be 

accomplished. In six breeder males, from which semen samples were not obtained during at least 

500/0 of the collection periods, combined testes weights ranged from a low of 2.5 g to a high of 9 

g. These results are in agreement with the findings of Brown and McCartney (1986) who reported 

that testes weights in excess of 7 g were required for sustained semen production. 
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Female Body Weight 

Although the female breeders were not subjected to specific dietary treatments, and differed 

only in being fed together with (controls) or separately from males, significant (P < .05) differences 

were obtained in body weight. Hens in the control treatment weighed significantly less from 41 

through 49 weeks of age than hens in the separately fed groups (Table 12). Body weights of hens 

in the control pens were also lower than the standard weight as recommended by the primary 

breeder (Hubbard, 1987). In an effort to increase hen body weight in the control pens, additional 

feed was provided. The additional feed allowed the hens in the control pens to increase their weight 

to a level slightly above the standard by 53 weeks of age, and remained above the standard for the 

remainder of the study. Apparently males in the control treatment consumed more than their share 

of the feed allotment, and, thus, denied hens their portion. This is supported by the significantly 

higher body weights attained by males in the control treatment, and is in agreement with observa­

tions reported by Smith (1985). 

With the exception of hens in the 14-100 group, no significant differences (P < .05) were 

observed in female body weights in the separately fed treatments. Furthermore, body weights from 

hens in the separately fed groups were consistantly higher than those recommended by the primary 

breeder. These data indicate that grills placed on female feeders to deny males access did not ad­

versely affect feed consumption of the hens in this experiment. 

Hen-Housed Egg Production 

Percentage hen·housed egg production peaked between 73 and 770/0 during (29-32) and 

(33-36) weeks of age for the various treatment groups (Table 13). Percentage egg production was 

significantly (P < .05) lower for the control and 12-90 groups when compared with the other 

treatment groups during 37-40 weeks of age. Furthermore, hens in the 12-90 treatment had a 
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Table 12. Effect of male dietary treatment regimens on female body weight 

Controll 14-1002 
Dietary Treatments 

14-903 12-1004 12-905 

Weeks 
of Age Mean (± SEM) Female Body Weight (g) 

24 2622±27Aa 2649±31.9a 2711 ±: 30.5a 2647±25.1a 2636±29.2a 

29 3226±39.6a 3242±: 32.5a 3263±40.9a 3260±41.1a 3274±37.3a 

35 3293±41.6a 3360±40.5a 3393 ±: 45.2a 3374±41.7a 3362±41.5a 

41 3343±52.1b 3590±55.3a 3575±57.8a 3489 ± 50.8ab 3591±48.8a 

45 3397±47.2b 3580 ±: 63.8a 3629± 50.6a 3616±47.7a 3623±: 50.3a 

49 3426±67.9b 3589 ±: 62.5ab 3676:i: 67.6a 3726:i: 56.4a 3689±: 52.3a 

53 3703 ±: 53Ab 3690±50Ab 3834± 49Aab 3865±55.1a 3792±: 53Aab 

57 3759:i: 66.5bc 3642:1: 52.Sc 3960:i: 58.9a 3935:i: 61.8a 3834±67.8ab 

61 3736±67.OO 3789:1: 55.lbc 3916:1: 57.0ab 3964 ±: 69 Aab 4021 ±: 61.4a 

65 3867:i: 62.7bc 3739:1: 73.9c 3896:1: 75.9abc 3986:i: 85.5ab 4105:i: 63.9a 

abc Means with different letters within a row are significantly different (P < .05). 

2 

3 

4 

Males and females fed together a 140/0 protein, 2922 kcal/kg ME diet; Male body weight only 
partially restricted. 

Males fed separately a 14 % protein, 2922 kcal/kg ME diet; Male body weights restricted to 
1000/0 of that recommended by primary breeder. 

Males fed separately a 140/0 protein, 2922 kcal/kg ME diet; Male body weights restricted to 
90% of that recommended by primary breeder. 

Males fed separately a 120/0 protein, 2781 kcal/kg ME diet; Male body weights restricted to 
1000/0 of that recommended by primary breeder. 

Males fed separately a 120/0 protein, 2781 kcal/kg ME diet; Male body weights restricted to 
90% of that recommended by primary breeder. 
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Table 13. Effect of male dietary treatment regimens on percentage hen-housed egg production 

Weeks 
of Age 

(25 .. 28) 

(29-32) 

(33-36) 

(37-40) 

(41-44) 

(45-48) 

(49-52) 

(53-56) 

(57-60) 

(61 .. 64) 

(25 .. 64) 

Controll 
Dietary Treatments 

14-1002 14-903 12-1004 12-905 

Percentage Hen-Housed Egg Production (± SEM) 

55.6:!:: 7.83a 54.9:!:: 7.62a 55.3:!:: 7.05a 55.8± 6.49a 50.8:1: 7.39b 

76.8± 1.7a 76.2± 1.9a 

74.1±2.2a 76.1± 1.3a 

66.0:!::3.2bc 71.4±2.0a 

57.0± 1.6c 63.6:!:: 1.2a 

57.7:!:: .83bc 60.6±.85a 

53.4:!:: 1.6c 54.6± 1.2bc 

50.8:!:: 1.3ab 48.8± 1.7b 

45.5:1: l.lab 43.5:1: 2.2b 

43.3:1: 1.7a 38.1:!:: 1.9b 

58.0bc 58.8ab 

73.3±.90a 

73.S± .90a 

68.8:!:: l.lab 

63.1 ± 1.3a 

59.0± 1. lab 

56.3± 1.7ab 

45.1:!::3.0c 

40.1 :I: 2.1c 

33.6:1: 2.1c 

56.8c 

75.3±2.2a 

76.1 ± 1.9a 

69.9:!:: 1.9a 

61.1±2.3ab 

60.0±.83ab 

57.8± 1.1a 

53.1± .79a 

47.7:1: 1.3a 

40.1:1: 1.8b 

59.7a 

73.3:!:: 1.3a 

74.0± 1.7a 

64.5:1: 2.2c 

58.7:1: .7Sbc 

5S.5± I.3c 

46.9:1: 1.Id 

39.4± 1.6d 

35.3± I.3d 

35.1± .95c 

53.3d 

abed Means with different letters within a row are significantly different (P < .05). 

2 

3 

4 

5 

Males and females fed together a 140/0 protein, 2922 kcal/kg ME diet; Male body weight only 
partially restricted. 

Males fed separately a 14% protein, 2922 kca1/kg ME diet; Male body weights restricted to 
100% of that recommended by primary breeder. 

Males fed separately a 140/0 protein, 2922 kcal/kg ME diet; Male body weights restricted to 
900/0 of that recommended by primary breeder. 

Males fed separately a 12% protein, 2781 kcal/kg ME diet; Male body weights restricted to 
1000/0 of that recommended by primary breeder. 

Males fed separately a 120/0 protein, 2781 kcal/kg ME diet; Male body weights restricted to 
90% of that recommended by primary breeder. 
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significantly lower rate of production for the remaining periods, and consequently for the overall 

experiment. 

Broiler breeder hens in the 12w l00 and 14-100 treatments had the highest percentage hen­

housed egg production (59.70/0 and 58.80/0, respectively) for the production cycle. Hens in the 

control and 14-90 groups were intermediate in production (58.0% and 56.80/0, respectively), with 

hens in the 12-90 group laying significantly fewer eggs (53.30/0) than hens in the other treatments. 

It is worth noting that the treatments imposed in this study were not expected to affect egg pro­

duction. Other than the reported differences in female body weight, the author can not explain the 

variations in egg production observed among the treatment groups. 

Feed Conversion 

Feed conversion as measured by the amount of feed (kg) required to produce a dozen (total) 

eggs is summarized in Table 14. Significant (P < .05) differences in feed conversion between the 

control and separately fed treatments were flrst observed during the third production period, and 

continued through the sixth period, indicating that hens from the control treatment required more 

feed to produce a dozen eggs than hens in the separately fed groups. The increase in feed converw 

sion in the control pens was primarily caused by the over consumption by the males in this treat­

ment. From the seventh through the ninth periods significant but unexplainable differences were 

noted in feed conversion among the treatments. However, by the tenth period there were no dif­

ferences among any of the treatment groups. 

Feed conversion for the entire production cycle was significantly lower for birds in the 12-100 

and 14-100 groups than in the control and the 12-90 groups, with conversion for birds in the 14-100 

group being intermediate. The higher feed conversion in the control group was associated with the 

increased consumption of feed by the males in those pens. Furthennore, reduced egg production 

in the 12-90 and 14-90 pens, helps explain the reduced effeciency observed in those groups. 
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Table 14. Effect of two dietary protein levels and feed restriction on feed conversion(males and 
females combined) 

Weeks 
of Age 

(25-28) 

(29-32) 

(33-36) 

(37-40) 

(41-44) 

(45-48) 

(49-52) 

(53-56) 

(57·60) 

(61-64) 

(25-64) 

Control l 
Dietary Treatments 

14-100z 14-903 12-90' 

Mean (:i: SEM) Feed Conversion (kg of feed/doz. eggs) 

4.49:±: .83a 4.72:±: 1.2a 4.21:i: .72a 4.03:i: .58a 4.76:i: .95a 

2.67:i: .05a 2.69:i: .06a 2.69:i: .04a 2.61 :i: .06a 2.62:i: .04a 

2.84:±: .08a 2.74:i: .03ab 2.70±.OSbc 2.60±.05cd 2.56±.04d 

3.07± .14a 2.79:i: .06b 2.78±.OSh 2.75:i: .0Sh 2.76±.lOb 

3.40:i: .06a 2.87±.05c 2.93± .03c 3.11 ± .10b 2.93±.06c 

3.38±.05a 2.95± .04c 3.l2±.OSb 3.10± .04b 3.09±.08b 

3.55± .11a 3.15:i: .07b 3.16:i: .13b 3.07±.OSb 3.46± .16a 

3.S1±.07b 3.27±.OSbc 3.85±.35a 3.11±.04c 4.05±.33a 

3.91:i: .09b 3.33± .OSc 3.79±.32b 3.31 ± .09c 4.23±.23a 

4.00:±: .1 Oa 3.63:±: .08a 4.14±442a 3.77± .l6a 4.69± .88a 

3.48a 3.21b 3.34ab 3.1Sb 3.52a 

abed Means with different letters within a row are significantly different (P < .05). 

2 

3 

4 

5 

Males and females fed together a 14 % protein, 2922 kcal/kg l'vIE diet; Male body weight only 
partially restricted. 

Males fed separately a 140/0 protein, 2922 kcal/kg ME diet; Male body weights restricted to 
1000/0 of that recommended by primary breeder. 

Males fed separately a 140/0 protein, 2922 kcal/kg ME diet; Male body weights restricted to 
900/0 of that recommended by primary breeder. 

Males fed separately a 120/0 protem, 2781 kcal/kg ME diet; Male body weights restricted to 
1000/0 of that recommended by primary breeder. 

Males fed separately a 120/0 protein, 2781 kcal/kg ME diet; Male body weights restricted to 
90% of that recommended by primary breeder. 
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Female:Male Ratio 

Female to male ratio for the various treatment groups as recorded at the end of each four 

week period are presented in Table IS. The ratios fluctuated throughout this study, with a low of 

7.6 females per male in the 14·100 group at 56 weeks of age, and a high of 11.8 females per male 

in the 1490 group at 36 weeks of age. Nevertheless, the ratios were well within those observed 

commercially, and did not appear related to the reported differences in percentage fertility measured 

in this study. 

Hen-Housed Mortality 

Percentage hen-housed mortality was not statistically analysed; however, mortality was nu· 

merically lower in the control and 12-100 treatment groups (Figure 2). Hens in the 14100 treat­

ment had the highest cumulative mortality of approximately 270/0, which is substantially higher 

than what is observed commercially. Nevertheless, the mortality recorded in this study did not 

appear to be disease related, nor did not appear to substantially influence the other variables studied 

in this experiment. 

RESULTS AND DISCUSSION 38 



Table 15. Effect of male dietary treatment regimens on female:male ratios 

Control I 14-1002 
Dietary Treatments 

14-903 12.1004 12-90' 
Weeks 
of Age Female:Male Ratio 

28 9.6:1 9.7:1 9.5:1 10.3:1 9.2:1 

32 9.5:1 9.6:1 10.4:1 10.3:1 8.7:1 

36 9.0:1 9.1:1 11.8:1 10.2:1 9.6:1 

40 8.7:1 8.6:1 11.5:1 10.1: 1 9.6:1 

44 8.6:1 8.6:1 11.5:1 10.1:1 9.2:1 

48 8.6:1 8.4:1 11.5: 1 9.7:1 9.0:1 

52 8.6:1 7.7:1 10.5:1 9.7:1 8.9:1 

56 8.6:1 7.6:1 9.8:1 9.4:1 8.7:1 

60 8.6:1 8.4:1 9.8:1 9.4:1 8.7:1 

64 8.5:1 8.0:1 9.5:1 9.2:1 8.4:1 

Males and females fed together a 140/0 protein, 2922 kcal/kg ME breeder diet; Male body 
weight only partially restricted. 

2 Males fed separately a 14 % protein, 2922 kcal/kg ME diet; Male body weights restricted to 
100% of that recommended by primary breeder. 

3 Males fed separately a 140/0 protein, 2922 kcal/kg ME diet; Male body weights restricted to 
900/0 of that recommended by primary breeder. 

4 Males fed separately a 120/0 protein, 2781 kcal/kg ME diet; Male body weights restricted to 
1000/0 of that recommended by primary breeder. 

s Males fed separately a 120/0 protein, 2781 kcal/kg ME diet; Male body weights restricted to 
900/0 of that recommended by primary breeder. 
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SUMMARY AND CONCLUSIONS 

Six hundred Hubbard female and 100 Peterson male broiler breeder chicks were divided into 

groups of 43 and 50 birds, respectively. and placed in 16 brooding pens. Environmental temper­

ature and lighting were managed using methods that are recommended for rearing breeder pullets 

and cockerels. All birds were fed a 15.50/0 protein and 2900 kcal/kg M.E. diet ad libitum for the first 

two weeks. and then restricted by volume and fed every other day (skip-a-day) to maintain recom­

mended body weights for the remainder of the adolescent period. 

At 20 weeks of age pullets and cockerels, were randomized into 10 breeder pens with 5 males 

and 50 females placed in each pen. The following replicated treatments were imposed on the 

males: 

A. Control .. sexes fed together and given a diet containing 14 % protein and 2917 kcal/kg M.E. 

B. 14-100· Males and females fed separately and given a diet containing 140/0 protein; males 

maintained at 1000/0 of the recommended body weight. 

C. 14-90 - Males and females fed separately and given a diet containing 140/0 protein; males 

maintained at 900/0 of the recommended body weight. 

D. 12-100 .. Males and females fed separately. with males fed a diet containing 12% protein and 

2781 kcal/kg; males maintained at 1000/0 of the recommended body weight. Females were fed 

the 14% protein ration. 

E. 12-90 .. Males and females fed separately, with males fed the 120/0 protein diet; males maintained 

at 90% of the recommended body weight. Females were fed the 140/0 protein ration. 
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Female breeders were managed, and fed according to the recommendations suggested by the 

primary breeder. 

The effects of the various dietary and restriction regimens on the variables analysed were as 

follows: 

1. Eggs set from the control group had a significantly lower (4.20/0) overall percentage fertility 

than eggs from the separately fed groups. No differences in fertility were observed between the 

two male protein or body weight regimens. 

2. No differences in percentage hatch of fertile eggs were observed among the treatment groups 

during the study. 

3. Male breeders in the control treatment were significantly heavier than males in the separately 

fed groups beginning at 32 weeks of age. No significant differences in body weight were ob­

served among males in the separately fed groups. 

4. After 40 weeks of age, breast angle measurement of male breeders in the control treatment were 

significantly larger than those of males in separately fed treatments. 

5. No differences in foot scores were observed among the various treatment groups throughout 

this study. 
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6. Semen concentration did not differ significantly during the study for males in the various 

treatment groups. 

7. Testes weights of control males were significantly heavier than the weights of testes from males 

in the separately fed groups. 

Results from this study indicate that when broiler breeder males and females are fed sepa­

rately, male body weights can be maintained at a level consistant with the recommendations es­

tablished by the primary breeder. Therefore t obesity and, consequently, other detrimental effects 

(decreased activity and libido) associated with feeding broiler breeders together can be reduced by 

feeding the sexes separately. Heavier body weights and pectoral muscles of males in the group fed 

together apparently physically impeded mating effeciency, and, thus, contributed to the decrease 

of 4.20/0 in percentage fertility obtained in this group. Since no differences were noted in semen 

concentration between the treatments fed separately and together, and that testes weights were 

larger from males in the treatment where the sexes were fed together; it can be concluded that the 

improvement in fertility among breeders fed separately is more a role of physical body size and 

weight than the influence of endocrine functions. 
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Appendix Table 1. Analyses of variance and orthogonal contrast for percentage fertility 

Source of Degrees of 
Weeks Variation Freedom ANOVASS 

28 Model 9 4877.08 
Error 379 240484.71 
Total 388 245361.79 

14 vs 12 1 484.20 
100 vs 90 1 191.93 
Control vs Others 1 202.40 
Interaction 1 1123.22 

32 Model 9 3040.96 
Error 416 18581.11 
Total 425 121622.07 

14 vs 12 1 80.49 
100 vs 90 1 54.70 
Control vs Others 1 34.24 
Interaction 1 83.72 

36 Model 9 2220.74 
Error 449 99546.08 
Total 458 101766.82 

14 vs 12 1 27.29 
100 vs 90 1 318.74 
Control vs Others 1 204.82 
Interaction 1 199.24 

40 Model 9 8567.38t 

Error 422 201837.95 
Total 431 210405.33 

14 vs 12 1 1289.75 
100 vs 90 1 550.34 
Control vs Others 1 295.74 
Interaction 1 1738.25 

tp < .05 
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Appendix Table 1 (cant' d). Analyses of variance and orthogonal contrast for percentage 
fertility 

Source of Degrees of 
Weeks Variation Freedom ANOVASS 

44 Model 9 16397.31++ 
Error 411 210458.06 

Total 420 226855.37 

14 vs 12 1 78.30 
100 vs 90 1 2397.04 
Control vs Others 1 200.04 
Interaction 1 0.96 

48 Model 9 2571.30 
Error 384 144370.50 

Total 393 146941.80 

14 vs 12 1 249.44 
100 VB 90 1 20.44 
Control vs Others 1 969.03 
Interaction 1 72.27 

52 Model 9 9133.67·· 
Error 366 135821.82 

Total 375 144955.49 

14 vs 12 1 32.59 
100 VB 90 1 45.90 
Control vs Others 1 6563.86** 
Interaction 1 516.92 

56 Model 9 9133.32 
Error 344 194704.21 

Total 353 203837.53 

14 vs 12 1 604.35 
100 vs 90 1 0.009 
Control vs Others 1 4495.19· 
Interaction 1 80.88 

.p < .05, •• p < .01 
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Appendix Table 1 (cont'd). Analyses of variance and orthogonal contrast for percentage 
fertility 

Source of Degrees of 
Weeks Variation Freedom ANOVASS 

60 Model 9 17176.19·· 
Error 280 180047.20 

Total 289 197223.39 

14 vs 12 1 46.34 
100 vs 90 1 1871.30 
Control vs Others 1 1672.55 
Interaction 1 1308.84 

64 Model 9 8996.0 
Error 241 181888.62 

Total 250 190884.62 

14 vs 12 1 131.20 
100 vs 90 1 475.22 
Control vs Others 1 3712.57 
Interaction 1 406.73 

28-64 Model 54 71875.44++ 
Error 3737 1733546.80 

Total 3791 1805422.24 

14 vs 12 1 0.30 
100 vs 90 1 27.11 
Control vs Others 1 11476.70 
Interaction 1 1300.48 

.p < .05, •• p < .01 
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Appendix Table 2. Analyses of variance and orthogonal contrast for percentage hatch of fertile 
eggs 

Source of Degrees of 
Weeks Variation Freedom ANOVASS 

28 Model 9 6914.04 
Error 358 426663.12 

Total 367 433577.16 

14 vs 12 1 1893.30 
100 vs 90 1 38.39 
Control vs Others 1 40.82 
Interaction 1 428.38 

32 Model 9 4556.50 
Error 409 388221.02 

Total 418 392777.52 

14 VB 12 1 1773.74· 
100 VB 90 1 1405.0· 
Control vs Others 1 4.17 
Interaction 1 339.18 

36 Model 9 8224.22 
Error 443 434879.47 
Total 452 443103.69 

14 vs 12 1 9.09 
100 VB 90 1 971.65 
Control vs Others 1 2764.96 
Interaction 1 305.94 

40 Model 9 20376.23·· 
Error 406 388080.45 
Total 415 408456.68 

14 VB 12 1 2067.24 
100 VB 90 I 226.95 
Control VB Others 1 400.01 
Interaction 1 0.54 

.p < .05, •• p < .01 
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Appendix Table 2 (cont'd). Analyses of variance and orthogonal contrast for percentage 
hatch of fertile eggs 

Source of Degrees of 
Weeks Variation Freedom ANOVASS 

44 Model 9 11268.94 
Error 392 411342.53 

Total 401 422611.47 

14 vs 12 1 349.24 
100 vs 90 1 741.46 
Control vs Others 1 231.11 
Interaction 1 2495.74 

48 Model 9 13265.90 
Error 373 367809.67 

Total 382 381075.57 

14 vs 12 1 82.51 
100 vs 90 1 2059.53 
Control vs Others 1 1255.19 
Interaction 1 2491.72 

52 Model 9 7649.12 
Error 355 344850.03 

Total 364 352499.15 

14 vs 12 1 1119.41 
100 vs 90 1 1661.13 
Control vs Others 1 80.82 
Interaction 1 696.47 

56 Model 9 10861.97 
Error 325 341422.42 

Total 334 352284.39 

14 vs 12 1 178.78 
100 vs 90 1 134.09 
Control VB Others 1 916.70 
Interaction 1 5296.04 
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Appendix Table 2 (cont'd). Analyses of variance and orthogonal contrast for percentage 
hatch of fertile eggs 

Source of Degrees of 
Weeks Variation Freedom ANOVASS 

60 Model 9 10988.60 
Error 262 317457.82 

Total 271 328446.42 

14 vs 12 1 98.28 
100 vs 90 1 283.04 
Control vs Others I 3233.55 
Interaction 1 1358.64 

64 Model 9 15003.67 
Error 222 296239.19 

Total 231 311242.86 

14 vs 12 1 679.73 
100 vs 90 1 3392.24 
Control vs Others 1 5255.38 
Interaction 1 493.36 

28-64 Model 54 76054.77· 
Error 3590 3770342.43 

Total 3644 3846397.20 

14 vs 12 1 194.87 
100 vs 90 1 1167.90 
Control vs Others 1 162.12 
Interaction 1 2138.66 

.p < .05 
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Appendix Table 3. Analyses of variance and orthogonal contrast for male body weight 

Source of Degrees of 
Weeks Variation Freedom ANOVASS 

28 Model 19 3659723.63 
Error 30 4354026.37 

Total 49 8013750.0 

14 vs 12 1 251779.72 
100 vs 90 1 268667.40 
Control vs Others 1 38205.26 
Interaction 1 258924.01 

32 Model 19 6510899.67· 
Error 28 4459166.99 

Total 47 10970066.66 

14 VB 12 1 160.04 
100 vs 90 1 3491.93 
Control vs Others 1 213782.77 
Interaction 1 2446.76 

36 Model 19 10889366.74+ 
Error 28 8045595.23 

Total 47 18934961.97 

14 vs 12 1 2943.96 
100 vs 90 1 90.57 
Control vs Others 1 250911.76 
Interaction 1 127.65 

40 Model 19 12335657.26·· 
Error 26 6566312.85 

Total 45 18901970.01 

14 vs 12 1 42.0 
100 vs 90 1 4553.85 
Control vs Others 1 256959.62 
Interaction 1 4737.92 

.p < .05, •• p < .01 
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Appendix Table 3 (cont'd). Analyses of variance and orthogonal contrast for male body 
weight 

Source of Degrees of 
Weeks Variation Freedom ANOVASS 

44 Model 19 16431194.76·· 
Error 26 7871087.80 
Total 45 24302282.60 

14 vs 12 1 5916.23 
100 vs 90 1 23813.43 
Control vs Others 1 275160.49 
Interaction 1 22909.9 

48 Model 19 15923094.65·· 
Error 26 7070753.72 
Total 45 22993848.37 

14 vs 12 1 14183.55 
100 vs 90 1 40074.23 
Control vs Others 1 225314.12 
Interaction 1 42092.05 

52 Model 19 12896798.47· 
Error 26 7485769.46 
Total 45 20382567.93 

14 vs 12 1 589.2 
100 vs 90 1 1701.25 
Control vs Others 1 191552.24 
Interaction 1 2352 

.p < .05, •• p < .01 
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Ap.pendix Table 3 (cont'd). Analyses of variance and orthogonal contrast for male body 
weight 

Source of Degrees of 
Weeks Variation Freedom ANOVASS 

56 Model 19 11915602.85 ... • 
Error 26 6477440.63 

Total 45 18393043.48 

14 vs12 1 329.18 
100 vs 90 1 6252.05 
Control vs Others 1 93809.71 
Interaction 1 6271.12 

60 Model 19 13122931.18+'" 
Error 25 5783818.82 

Total 44 18906750.00 

14 vs 12 I 7088.85 
100 vs 90 1 2091.68 
Control vs Others 1 86404.14 
Interaction 1 2027.7 

64 Model 19 15439085.64+· 
Error 25 4857942.14 

Total 44 20297027.78 

14 vs 12 1 40239.54 
100 vs 90 1 47752.54 
Control vs Others 1 131083.60 
Interaction 1 46731.88 

.p < .05, •• p < .01 
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Appendix Table 4. Analyses of variance and orthogonal contrast for breast angle measurement 

Source of Degrees of 
Weeks Variation Freedom ANOVASS 

28 Model 19 481.54 
Error 30 788.64 

Total 49 1270.18 

14 vs 12 1 53.84 
100 vs 90 1 53.12 
Control vs Others 1 24.37 
Interaction 1 52.12 

32 Model 19 1449.13 
Error 28 1136.84 

Total 47 2585.97 

14 vs 12 1 2.04 
100 vs 90 1 5.85 
Control vs Others 1 36.4 
Interaction 1 5.84 

36 Model 19 1697.77 
Error 28 1450.9 

Total 47 3148.67 

14 vs 12 1 47.35 
100 VB 90 1 60.91 
Control vs Others 1 3.87 
Interaction 1 60.72 

40 Model 19 1942.46·· 
Error 26 828.84 

Total 45 2771.30 

14 vs 12 1 54.71 
100 vs 90 1 78.96 
Control vs Others 1 11.88 
Interaction 1 79.04 

.p < .05, •• p < .01 
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Appendix Table 4 (cont'd). Analyses of variance and orthogonal contrast for breast angle 
measurement 

Source of Degrees of 
Weeks Variation Freedom ANOVA SS 

44 Model 19 1208.70"'· 
Error 26 667.23 

Total 45 1875.93 

14 vs 12 1 18.22 
100 vs 90 1 40.88-
Control vs Others 1 0.15 
Interaction 1 40.56 

48 Model 19 1302.53·· 
Error 26 678.62 

Total 45 1981.15 

14 vs 12 1 14.73 
100 vs 90 1 33.48 
Control vs Others 1 11.31 
Interaction 1 33.24 

52 Model 19 897.17++ 
Error 26 483.63 

Total 45 1380.80 

14 vs 12 1 0.078 
100 vs 90 1 1.998 
Control vs Others 1 0.125 
Interaction 1 2.164 

.p < .05t ++P < .01 
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Appendix Table 4 (cont'd). Analyses of variance and orthogonal contrast for breast angle 
measurement 

Source of Degrees of 
Weeks Variation Freedom ANOVASS 

56 Model 19 1503.96* 
Error 26 868.99 

Total 45 2372.95 

14 vs 12 1 64.75 
100 vs 90 1 113.35 
Control vs Others 1 14.68 
Interaction 1 112.82 

60 Model 19 807.89 
Error 25 649.08 

Total 44 1456.97 

14 vs 12 1 19.59 
100 vs 90 1 31.96 
Control vs Others 1 41.93 
Interaction I 32.34 

64 Model 19 1010.98· 
Error 25 629.46 

Total 44 1640.44 

14 vs 12 1 4.79 
100 vs 90 1 6.42 
Control vs Others 1 13.80 
Interaction 1 6.85 

*p < .05 
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Appendix Table 5. Analyses of variance and orthogonal contrast for foot score 

Source of Degrees of 
Weeks Variation Freedom ANOVASS 

28 Model 19 6.24 
Error 30 9.90 

Total 49 16.14 

14 vs 12 1 0.031 
100 vs 90 I 0.016 
Control vs Others 1 0.261 
Interaction 1 0.016 

32 Model 19 9.48 
Error 28 12.27 

Total 47 21.75 

14 vs 12 1 0.877 
100 vs 90 1 0.824 
Control vs Others 1 0.160 
Interaction 1 0.846 

36 Model 19 7.17 
Error 28 13.50 

Total 47 20.67 

14 vs 12 1 0.712 
100 vs 90 1 0.709 
Control vs Others 1 0.295 
Interaction 1 0.708 

40 Model 19 8.95 
Error 26 11.86 

Total 45 20.81 

14 vs 12 1 0.951 
100 vs 90 I 0.915 
Control vs Others 1 0.063 
Interaction 1 0.938 
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Appendix Table 5 (cont'd). Analyses of variance and orthogonal contrast for foot score 

Source of Degrees of 
Weeks Variation Freedom ANOVASS 

44 Model 19 8.67 
Error 26 13.42 

Total 45 22.09 

14 vs 12 1 0.947 
100 vs 90 1 0.921 
Control vs Others 1 0.064 
Interaction 1 0.932 

48 Model 19 14.49 
Error 26 15.82 
Total 45 30.31 

14 vs 12 1 1.107 
100 vs 90 1 0.930 
Control vs Others 1 0.014 
Interaction 1 0.929 

52 Model 19 26.17 
Error 26 34.68 
Total 45 60.85 

14 vs 12 1 2.622 
100 vs 90 I 2.698 
Control vs Others 1 0.111 
Interaction 1 2.772 
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Appendix Table 5 (cont'd). Analyses of variance and orthogonal contrast for foot score 

Source of Degrees of 
Weeks Variation Freedom ANOVASS 

56 Model 19 35.48 
Error 26 38.33 

Total 45 73.81 

14 vs 12 1 4.164 
100 VB 90 1 4.344 
Control vs Others 1 0.004 
Interaction 1 4.315 

60 Model 19 28.42 
Error 25 49.16 

Total 44 77.58 

14 vs 12 1 4.916 
100 VB 90 1 4.663 
Control vs Others 1 0.017 
Interaction 1 4.686 

64 Model 19 31.40 
Error 25 45.84 

Total 44 77.24 

14 vs 12 1 3.024 
100 vs 90 1 2.893 
Control vs Others 1 0.083 
Interaction 1 2.833 
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Appendix Table 6. Analyses of variance and orthogonal contrast for semen concentration 

Source of Degrees of 
Weeks Variation Freedom ANOVASS 

28 Model 19 1044.01· 
Error 25 607.18 

Total 44 1651.19 

14 vs 12 1 5.75 
100 vs 90 1 2.82 
Control vs Others 1 25.48 
Interaction 1 2.79 

32 Model 17 836.15 
Error 17 409.85 

Total 34 1246.0 

14 vs 12 1 77.44 
100 VB 90 1 15.85 
Control vs Others I 8.82 
Interaction 1 118.82+ 

36 Model 19 335.20 
Error 10 298.16 

Total 29 633.36 

14 vs 12 1 20.49 
100 vs 90 1 20.77 
Control vs Others 1 5.13 
Interaction 1 2.10 

40 Model 19 522.41 
Error 17 417.32 

Total 36 939.73 

14 VB 12 1 116.26+ 
100 vs 90 1 107.76+ 
Control vs Others 1 14.62 
Interaction 1 124.15'" 

+P < .05 
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Appendix Table 6 (cont'd). Analyses of variance and orthogonal contrast for semen conc. 

Source of Degrees of 
Weeks Variation Freedom ANOVASS 

45 Model 18 630.08 
Error 12 431.86 

Total 30 1061.94 

14 vs 12 1 NON-EST 
100 vs 90 1 NON-EST 
Control vs Others 1 NON-EST 
Interaction 1 NON-EST 

49 Model 19 227.05 
Error 14 376.48 

Total 33 603.53 

14 vs 12 1 4.78 
100 vs 90 1 5.65 
Control vs Others 1 17.26 
Interaction 1 19.08 

53 Model 19 472.31 
Error 14 393.13 

Total 33 865.44 

14 vs 12 1 29.29 
100 vs 90 1 119.76· 
Control vs Others I 10.27 
Interaction 1 120.20· 

"'P < .05 
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Appendix Table 6 (cont'd). Analyses of variance and orthogonal contrast for semen conc. 

Source of Degrees of 
Weeks Variation Freedom ANOVASS 

57 Model 19 511.41 
Error 10 153.79 

Total 29 665.20 

14 vs 12 1 70.92· 
100 vs 90 1 27.49 
Control vs Others 1 39.06 
Interaction 1 1.79 

61 Model 16 197.63 
Error 13 91.33 

Total 29 288.96 

14 vs 12 0 NON-EST 
100 vs 90 0 NON·EST 
Control vs Others 0 NON-EST 
Interaction 0 NON-EST 

65 Model 19 558.17 
Error 9 194.52 

Total 28 752.69 

14 vs 12 1 0.894 
100 vs 90 1 1.039 
Control vs Others 1 52.73 
Interaction 1 1.063 

.p < .05 
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Appendix Table 7. Analyses of variance and orthogonal contrast for testes weight 

Source of Degrees of 
Weeks Variation Freedom ANOVASS 

65 Model 19 9911.59·· 
Error 21 3548.79 

Total 40 13460.38 

14 vs 12 1 34.47 
100 vs 90 1 236.79 
Control vs Others 1 646.14 
Interaction 1 30.73 
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Appendix Table 8. Analyses of variance and orthogonal contrast for female body weight 

Source of Degrees of 
Weeks Variation Freedom ANOVASS 

24 Model 9 371803.52 
Error 227 9126635.93 

Total 236 9498439.45 

14 vs 12 1 73365.01 
100 vs 90 1 28343.53 
Control vs Others 1 63628.85 
Interaction 1 55595.07 

29 Model 9 147752.5 
Error 240 17993550.0 

Total 249 18141302.5 

14 vs 12 1 10878.13 
100 vs 90 1 14878.13 
Control vs Others 1 44555.63 
Interaction 1 703.13 

35 Model 9 783290.0 
Error 240 21117100.0 

Total 249 21900390.0 

14 vs 12 1 3612.5 
100 vs 90 1 5512.5 
Control vs Others 1 249640.0 
Interaction 1 26450.0 

41 Model 9 1990347.62+ 
Error 190 21785401.25 

Total 199 23775748.87 

14 vs 12 1 71613.91 
100 vs 90 1 73745.16 
Control vs Others 1 1529937.78++ 
Interaction 1 136013 

+P < .05, ++P < .01 
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Appendix Table 8 (cont'd). Analyses of variance and orthogonal contrast for female body 
weight 

Source of Degrees of 
Weeks Variation Freedom ANOVASS 

45 Model 9 2873195.12+· 
Error 190 19989603.75 

Total 199 22862798.87 

14 vs 12 1 8337.66 
100 vs 90 1 31781.41 
Control vs Others 1 180490.28·· 
Interaction 1 18168.91 

49 Model 9 4039153.12·· 
Error 190 27930968.75 

Total 199 31970121.87 

14 vs 12 1 226878.91 
100 vs 90 1 25628.91 
Control vs Others 1 1898813.28+· 
Interaction 1 151597.66 

53 Model 9 1938940.63· 
Error 190 20431156.25 

Total 199 22370096.88 

14 vs 12 1 177222.66 
100 vs 90 1 49878.91 
Control vs Others 1 274725.78 
Interaction 1 470347.66+ 

.p < .05, ++P < .01 
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Appendix Table 8 (cont'd). Analyses of variance and orthogonal contrast for female body 
weight 

Source of Degrees of 
Weeks Variation Freedom ANOVASS 

57 Model 9 8258190.62·· 
Error 190 24194781.25 

Total 199 32452971.87 

14 vs 12 1 278472.66 
100 vs 90 1 470347.66+ 
Control vs Others 1 225288.28 
Interaction 1 1758753.91·· 

61 Model 9 4673492.62·· 
Error 190 27926026.25 

Total 199 32599518.87 

14 vs 12 1 781901.41· 
100 vs 90 1 340863.91 
Control vs Others 1 1108932.78+· 
Interaction 1 49526.41 

6S Model 9 4622362.5+ 
Error 190 39771687.5 

Total 199 44394050.0 

14 vs 12 1 2075941.4++ 
100 vs 90 1 759691.41+ 
Control vs Others 1 133257.03 
Interaction 1 13597.66 

.p < .05, •• p < .01 
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Appendix Table 9. Analyses of variance and orthogonal contrast for hen-housed egg production 

SoW'Ce of Degrees of 
Weeks Variation Freedom ANOVASS 

25-28 Model 24 14831.34++ 
Error 15 194.02 

Total 39 15025.36 

14 vs 12 1 25.92 
100 vs 90 1 40.95 
Control vs Others 1 12.21 
Interaction 1 58.32 

29-32 Model 24 670.60 
Error 15 201.11 

Total 39 871.71 

14 vs 12 1 1.758 
100 vs 90 I 50.25 
Control vs Others 1 33.39 
Interaction 1 1.403 

33·36 Model 24 752.81·· 
Error 15 80.02 

Total 39 832.83 

14 vs 12 I 0.661 
100 vs 90 1 44.65 
Control vs Others 1 4.422 
Interaction 1 0.661 

37-40 Model 24 1488.34·· 
Error IS 122.57 

Total 39 1610.91 

14 vs 12 1 67.86 
100 VB 90 1 129.60 
Control vs Others 1 44.52 
Interaction 1 15.40 

.p < .05, •• p < .01 
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Appendix Table 9 (cont'd). Analyses of variance and orthogonal contrast for hen-housed egg 
production 

Source of Degrees of 
Weeks Variation Freedom ANOVASS 

41-44 Model 24 785.06++ 
EITor 15 135.04 
Total 39 920.10 

14 vs 12 1 94.87 
100 vs 90 1 17.26 
Control vs Others 1 137.45 
Interaction 1 7.315 

45 .. 48 Model 24 344.98+ 
EITor 15 74.08 
Total 39 419.06 

14 vs 12 1 34.03 
100 vs 90 1 75.03 
Control vs Others 1 7.482 
Interaction 1 16.53 

49-52 Model 24 980.19·+ 
EITor 15 99.67 
Total 39 1079.86 

14 vs 12 1 75.95 
100 vs 90 1 166.99· 
Control vs Others 1 1.701 
Interaction 1 315.63·· 

.p < .05, •• p < .01 
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Appendix Table 9 (cont'd). Analyses of variance and orthogonal contrast for hen-housed egg 
production 

Source of Degrees of 
Weeks Variation Freedom ANOVASS 

53-56 Model 24 1784.88"'· 
Error 15 73.23 

Total 39 1858.11 

14 vs 12 1 4.278 
100 vs 90 1 602.91 
Control vs Others 1 111.39 
Interaction 1 201.50 

57-60 Model 24 1454.97++ 
Error 15 87.14 

Total 39 1542.11 

14 vs 12 1 0.845 
100 vs 90 1 500.86'" 
Control vs Others 1 94.86 
Interaction 1 164.71 

61-64 Model 24 1274.75"'· 
Error 15 64.04 

Total 39 1338.79 

14 vs 12 1 24.32 
100 vs 90 1 180.97 
Control vs Others 1 280.10 
Interaction 1 0.428 

.p < .05J •• p < .01 
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Appendix. Table 10. Analyses of variance and orthogonal contrast for feed conversion 

Source of Degrees of 
Weeks Variation Freedom ANOVASS 

25·28 Model 24 200.12·· 
Error 15 19.23 

Total 39 219.35 

14 vs 12 1 0.038 
100 vs 90 I 0.101 
Control vs Others 1 0.018 
Interaction 1 3.063 

29·32 Model 24 0.51 
Error 15 0.28 

Total 39 0.79 

14 vs 12 1 0.04 
100 vs 90 1 0.0002 
Control vs Others 1 0.003 
Interaction 1 0.0003 

33·36 Model 24 1.02·· 
Error 15 0.14 

Total 39 1.16 

14 vs 12 1 0.155 
100 vs 90 1 0.011 
Control vs Others 1 0.146 
Interaction 1 0.000 

37·40 Model 24 2.41·· 
Error 15 0.28 

Total 39 2.69 

14 vs 12 1 0.007 
100 vs 90 1 0.000 
Control vs Others 1 0.529 
Interaction 1 0.000 

+P < .05, •• p < .01 
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Appendix Table 10 (cont'd). 

Weeks 
41-44 

Source of 
Variation 

Model 
Error 

Total 

14 vs 12 
100 vs 90 
Control vs Others 
Interaction 

45-48 Model 
Error 
Total 

14 vs 12 
100 vs 90 
Control vs Others 
Interaction 

49-52 Model 
Error 

Total 

14 vs 12 
100 vs 90 
Control VB Others 
Interaction 

.p < .05 t •• p < .01 

APPENDIX 

Analyses of variance and orthogonal contrast for feed conver­
sion 

Degrees of 
Freedom ANOVASS 

24 2.28"'· 
15 0.31 

39 2.59 

1 0.12 
1 0.02 
1 1.23+ 
1 0.11 

24 1.31·· 
15 0.23 
39 1.54 

1 0.03 
1 0.05 
1 0.61· 
1 0.06 

24 4.59·· 
15 0.33 

39 4.92 

1 0.09 
1 0.33 
1 0.73 
1 0.30 
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Appendix. Table 10 (cont' d). 

Weeks 

53-56 

Source of 
Variation 

Model 
Error 

Total 

14 vs 12 
100 vs 90 
Control vs Others 
Interaction 

57 .. 60 Model 
Error 

Total 

14 vs 12 
100 vs 90 
Control vs Others 
Interaction 

61-64 Model 
Error 

Total 

14 vs 12 
100 vs 90 
Control vs Others 
Interaction 

.p < .05, +.p < .01 

APPENDIX 

Analyses of variance and orthogonal contrast for feed conver­
sion 

Degrees of 
Freedom ANOVASS 

24 17.21++ 
15 1.09 

39 18.30 

1 0.002 
1 4.598 
1 0.023 
1 0.265 

24 13.91·+ 
15 0.839 
39 14.75 

I 0.357 
1 3.795 
1 0.402 
1 0.400 

24 42.66 
15 19.03 

39 61.69 

1 0.969 
1 4.140 
1 0.022 
1 0.322 

78 



VITA 

Eddy Alejandro Fontana, son of Nurys Zarzuela and Eduardo J. Fontana, was born on 

October 21, 1961 in Santiago, Dominican Republic. He attended the public schools of Kings 

County, New York, graduating from Edward R. Murrow High School in January, 1-980. He en­

rolled at State University of New York at Fanningdale, Fanningdale, New York in September 1982, 

receiving the A.A.S. degree in Poultry Science in May 1984. He entered the University of Georgia, 

Athens, Georgia in September 1984 and was awarded the B.S. degree in Poultry Science in June 

1986. 

VITA 79 


