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Ph. D. A8STRACT Animal Science 

AN INVESTIGATION OF MALE TRAITS TO IMPROVE 
EGG PRODUCT ION IN CHICKENS 

-, JOSE CANDELARIO SEGURA 

5 e men yi e 1 d B n c:l wa t t 1 e - si z e are. e as i l Y me a RU r e d in 

roos ters and may be re lated to egg p~oducbon. Tes,tes size 

and ovul~tl~n~ ar-e favorably correlated in mammals. 

Thus, the m;;n Ob~c~ive of this study was to estimate 

genetic correlations of the above male traits with 'egg 

production and other related traits ln chick~ns. Secandary 

objectives were to\estimate genetic parameters" of male 

trai ts and to exam ine the ef rects 0 f lympho id i eukoài s virus 

(LLV) infection and age on semen traits and/or male 

fert i lit Y • 

Strains al chickens se~ected for high égg production to . , 

,273 daya and other related traits and their respective 

unaelected control strains were used. Semen was collected 
, ... 

and e val u a t e don t W 0 C o.n sec ut ive dB ys. The e f f e pts 0 f 

e j a cul a tes e que n ce, age and L LVi n f e,c ti 0 non sem ~ n t rai t s 

were determined by multiple re'gression analysis. 

H e rit a b il i t Y 0 f mal e, traits and genetic co'rrelations 

between male and female traits were estimated by intraclass 

correlation and regression methods. 

Genetic correlations of semen traits measured at 8 

mon~hs of age with' egg weight tended to be favorable (0.02 

c to 0.36), but unfavorable with egg ''Production (-0.60 ta 

0.04) and age at first e9g (0.03 tci 0.40), Wattle weight and 
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size measured on 14 month old ma"l es· were fa'vorably 

, ,. 
c,or're'lated with egg production ( 0.05 ta 0.55 ') and age at 

, first egg (-0.17 to -0,43)\. Genetic correlatio!,\s of. 

testes weight and egg prod"uction wère mostl y negOative for 

the control and positive fo r 
, 1 

the sel e ct e d st rai n s',' 'T h e 
li . 

genet~c èorre1at~ons of male traits with a:lbU7e~ quality, 

sh'\~ll quality and incide'nce ~'f b'lood spots were genèrally of 

" , 'Ii. ,! 

low magnitude or inconsistent between methods of estimation, 

He rit a b i 1 i t Y est i Inia tes 0 f sem e n wei 9 h t, pa C K e d s p e ,r m 
1 

n • .... .. - .... 
'; volume and tot'al sperm weight, were of, low to moderate 

m a 9 h i 't .u d e ( a . 0 B t 0, ,oh 8 ). Tho seo f tes tes and we t t l e 

weights were hig~, (O~"'58 and 0.54, respectivel y). 

Control streins had. a significantly ,higher frequency 

of LlV-shedding males 'than the 
- 1 

strains, LLV selectéd 

infection appebred to be associated with in c rea'se d seln en' 

production and -the incidence of abn'ormal spermatozoa. in';'old 

mal es, and appeared ta decrease f"'ertil i ty, 
6 

~ 

Semen weight, packed sperm volulIle j;~nd 
, > \ 

weight tended ta décresse with advsnClhg" ag'~:. 
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UNE ETUDE' DES 'CARACTERfS MALES POUR L'AMELIORATION 
DE LA PRODUCTION D'OEUF~ CHEZ LE POULET 

La' pro duc ti 0 n des p e r me e t 1 a g r 0 s s e u l'de s 'b B r b i 1 Ion s ' ' 

sont facHemient mesurables chez le coq et,pou.rraient ~tre 

reliées à la production d'oeufs. La gr~sseur '1'es testic,u1es 

e t 1 e tau x d ' 0 v u 1 a t ion son t f a v 0 rab l e m,e n t cor r é lés che z 1 e s 

mammifères. Donc, l'objectif.principal de cette étude étalt 

d'évaluer les corrél-ations génétiques des caractères m~les 

ci-haut mentionnés avec la production d'oeufs et autre's 

caractéristiq,ues reliées chez le poulet. Les ob'j_ectifs 

secondaires étdient d'évaluer 
! 

les paramètres génétiques des 

caractèr,es m~les et d'examiner les efFets- de l'âg;e et d'une 

infec'tion,c8usé"e par le virus de la leucose l"ympho,ide (LLV) 

sur 1 e s car a c t.è r es, dus p e r m e et / 0 u 1 a fer t i lié du mS 1 e. ' 
\ 

Des lignées 'de pou 1 ets sé l ectionnéea po ur une prod uctioQ 
, '. 

d'!leufs élevée à 273 jours et pour d'autres caractéri,stiques 

-8 insi ·quê de s ligné es témoins non- sé 1 ection nés pour chacune 

descaractéristiques ont 'servi à l'étude. Pendant deux jours 

consécutif~, le sperme 8 été collecté et êvalué. Les effets . 
Rel' or d r e deI' ,e j a cul a t ion, deI' âge et d' une in f e,c t ion cau sée 

par LLy s~r'les caractèrea ~u sperme ont été déterminés par 

, a na 1 ys e der é gr e s si 0 n s mu' l t i pIe s' • L' h é rit a b il i 't é· des 
o ~ .. "" J 

caractères mâles et les corrélatiotlsgénétiques entre les 

caractères m~les et femelles ont été évaluées par corrélation 
('J' ~ ....... 

..JI"" !~ 

à l' i n t é rie u r, d e cha q a e c 1 a s s e e t par d e 9 m é tffuo des d e 

ré gress ions. 

Les corrélations génétique~ des caractéristiques du 
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spe'l\me, mesurées à 
,.. 

l'age. de 8 

, 
./ , 

mois avec 

, \ 

le poids de l' oe u f 

avaient une ,tendance fav'orable (0.02 à 0.36), mais non 
Q 

favorable avec "l~a production .. d'oeufs (-0.60 à,O.04) et l'âge 

du bébut de ponte (0.03 à 0.40). le poids et, la grosseur des 
,.. 

b.a r b i l Ion s mes u rés che z de $ mal e s a g é s d e 14 moi s é t aie n t 

. f li V 0 rab 1 e men t cor r é lés a v e c l a p 1"0 duc t ion d' 0 e u f s (0 • 0 5 à 

0.5,5) et avec l'âge du début de ponte (-0.17 à -0.43). Les 

corrélations génétiqu~s entre le po~ds des tj;!sticufes et la 

production d'oeufs, é'taient surtout néga~ives pour' les 

ligl)ées témoins et positive pour les lignées )s,électlonnées. 
, A ' 

Les l~oI'rélations génétiques en,tre les caractères males et la 

qua lit é ,d e" r' a l bu men, la qua lit é de lac 0 qui lIe et 

l'inc-idence des' taches de sang étaient généralement peu 
~. 

élevées ,ou contrad.ictoires selon la méthod d'é.valuation. 

ILes évaluations obtenues pour l'héritabilité du poids de 

la semence', vOlu,me de spermatozoides et du,poids total du 

sperme étaient de basses à modérées (0.08 à 0.38). Celles du -.. ' 
. " 

poids des testicules et des barbi,llons étaierî.t élevées (0.58 

~et 0.54, respectivement). 

Les ni~les des Ugnées témoins avaient une fréquence de 

mue reliéfi' au UV significativeme,nt plus élevée que chez l~s 

lignées sél~ct'ionnêes. l'infection causée par le LlV 

semblai t e'tre associée à un accroissemènt de la production du 

sperme et de l'incidence de spermatozoides anormaux chez le 
j, ,. 

vie u'x mal e, e t à une bai s se deI a fer t i 1 i té. 

'"';le poids roe la se,rn.ence, le volume de spermatozoides et le 

poids total du" sperme avalent tendance à diminuer avecn '~ge. 
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l IBTR.9DUCTIOB 

Mil k production in cattle snc{' egg production in 

chickens are examples of sex-limited traits in domestic 

. '. 
animaIs; these traits a're only expressed rn one sex. Males, 

howevè'r, a.1.so carry genes for ,milk and egg produc,çion which 

they", -tl'''à,_nsmit to their progeny. Th,1.s' i8 demonstrated by 

dif~'ren,~~s 'in the_r~productive performance of the daughters 
~ • .{I, , 1 

of different sires (Land and ~alconer 1969). 

S~leci'i_on to improve female reproductive performance 

is complicated because males either have to be chosen at 

random or on the basls of their feql~le relatives~-<t 

performanèe'. If" males are randomly selected, the expected 

genetic response to 8elect~on is half of that ex'pected based 

on selection in both Sexes (Falconer 1981). 

fowl', males are commonly selected for egg 

In thé domes tic 

-.f 
production based 

on thelr full- or half- 81sters" egg production. Selection /~ 

based on correlated traits, lIleasured' directl!' io, males, as / 

wet"l ... the performance of felllaie relatives could increase 
~ , . 

the accuracy and e(flc1ency of such selectlon and pe'rhapa 

allow early culling of some roosters to save feed costs. 

lt would be desirable to find a' teait in males wh~ch 
.,P , 

"-

tf-ativea~ If Buch a trait 

production of their~\mal~ 

could be found, more i~ 
ls cO.rrelated with the egg 

genetic response should be possible and cost~ of selection 

programs could ,be reduced. 

One prospective trait could be sperm production of 

. ' 
males because this trait and ovulation rate are under 

' .. 
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similar physiological control (Sturkie 1976). Evidence from 

selection experiments and full- sib' correlations indicated a 

favorable genetic association between semen and egg 

"production (Jones and l.amoreult 1942; Nestor 19~6, 1977; 

.Marks 1978; Borsti ng 1980). Therefore» the primary obj ec t ive 

of this study was to ëstimate the genetic correlations of 

sem~n production traits with egg production and other 

related traits. 

Ayoub and Herat (1979) reported a positive correlation 

between wattle, length measured on roosters· and egg 

production of their full- sisters. In mamma .. s testes size 

appeared to be favorably correlated with ovulation rate and 

Iitter size (Land and Falconer 1969; Land 1973; Islam !!".!l. 

1976; Joakimsen !nd Baker 1977; Eisen and Johnson 1981). 

Therefore another objective was to estimate the genetie 

correlations of testes and male wattle size with egg 
\ 

.production and other related traits. In order to accomplish 

series of experiments were eonducted. The 

experiment were 

E9Cpe riment 'bIi"sh semen coll.e..ction and 

uation procedures~ ident!fy t'J;1e semen trait(s) 

correlated 

~ . 
and are ':8Sy to m,eas ure 

in 0 rd e r t 0 ~x a m IOn eth e i r 

3) t 0 production; determine 
) 

the 

semen traits brought about by 

production ànd 0 ther re lated trai t s. 

• 
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Experiment .!! had similar objectives to ~-experiment 1 

but a larger number of males and strains and fewer semen 

trai ts were examined. 

Experiment III: 1) to estim-ate the heritability of 

semen weight, packed sperm volume and total sperm. weightj 2) 

to es't'imate the genetic correlations among above semen 

tr~itsj 3) to est!mate the genetic correlations between 

semen traits and egg production and other related, traits. 

~xperiment IV: 1 ) to determine if there are 
,~ 

differences in semen production between breeders and 

noIi'breedersj 2) to estimate the geneti,c, c,orrelations between 
'. 

semen and egg production traits. 

" 
Experiment .Y.: 1) to determine if selection for high .. 

egg production and other related traits affects wattle and 

spur sizoej 2)" to estimate" genetic correlations between 

wattle "size ànd egg produ.ction and other related traits. 

~xperime-nt .Y.!: :1) to d'etermine if selectton for high 
<0 

egg p'roduction and other related traits has affected testes 
, .. 

and wattle weightsj 2) to estlmate genetic correlations of 

testes and male .a,ttle weight with egg production and other .. 
related traits. 

Lymphoid leukosis virus (LLV) infection has economic 

importance in egg producti.on. Gavo'ra !.!!!. (1980) showed 

that LLV-sheddiBg hens produced 30 eggs less than non-

shedding hens and reduced performanÇle in other traits. 

Therefore, another objective of this study (Experiments 1, 

II and IV) was to examine the freguency of LLV infection and 

.. 
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its effect on semen ~roduction and fertility. 

An additiona! objective was <to examine the effect of -

advancing age on semen production traits. 

) 
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II REVIEV OF LITERATURE 

AlI of us are familiar with the reproductive 

differences between males and females. How~ver. despite very 

different reproductive characteristics. the autosomal genes 

or loci controlling the function of the gonads are common to 

both sexes (Land 1973). Testes and ovaries~ utilize the same 

set of enzymes for their steroid synth-esis (Ohno 1979) and 

they are under the same physiologieal control (Sturkie 1976; 

Bahr and Nalbandov 1911). Furthermore, there are some 

repor~s in the literature (Land and Falconer 1969; Eisen and 

Johnson 1981) suggesting that male and female reproductive 

characteristics, in mammals, are genetically c~#fl~ated. 

This section wi~ll review the information on th~ 

cor rel a t ion s b et we e n ma 1 e and f e mal e r eJl r 0 duc t ive 

characteristic~': However. ta better understand the basis of 

those associations. the literature on the genet1e and 

hormonal control as weIl as some environmental factors which 

may affect egg and/or semen production 1s reviewed. 

2.1 ~ deter.ination ~ differentiation 

Genetic sex is determined by sex chromosomes received 
, 

from parents. In avisns, in contrast to mammals, the ~ale is 

the homogametic sex ( ZZ ) and the female the heterogametic 

sex ( WZ ). W and Z are the conventional symbols used to 

identify the sex chromosomes in avians snd X and Y are the 

conventional symbols used in mammals. These sex chromosomes 

carry the gene(s) involved in sex dïfferentiation of the 
., 
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embryonlc gonads. One of these genes, the H-W antlgen gene, 

) 
has been mapped to the W sex chromosome (Etches and Hawes 

1973; Hut t and Rasmusen 1982), and has been asso~clated wi th 

ovary organizatlon of the undifferentiated embryonic gonads 

(Wachtel et ~. 1975; Oh no 1979; Mittwoch 1983; Jordanov and 

Angelova 1984). In mammals, the H-Y antigen gene, belleved 

to be located in the y chromosome, induces testlcu1ar 

organizat,lon (Ohno 1977). The expression o~ thls antigen is 

hormone dependent (Zaborskl ~!l. 1980). The addition of 

testosterone to female embryo gonads in organ culture 
1 

suppressed the expression of this antlgen in chickens 

(Jordanov and Ange10va 1984). Nalbandov (1976) Indicated 

that the Injection of male or female steroid hormones may 

reverse the phenotypic seXe Furthermore, the expression of 

the H-W ant1gen 1n exper1mentally femlnized ZZ chicks and 

Afrlcan water frogs suggests that the structural gene for 

the antlgen may not be on the W chomosome in these specles 

\') (Mittwoch 1983). Similarly, 'in mammals, It has been 

postulated that the H-Y structural gene(s) could be located 

in the X chromosome or any of the autosomes; and that the 

ant~gen production for this gene 1s regulated by a gene 

located ln the Y chromosome (Mittwoch 1983). 

" 
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2.2 Developaent ~ aale .!.!!. feaale 
reproductive systeas 

7 

The reproductive syatem in the two sexes arises from 

indiffelent rudiments in the embryo (Nalbandov 1976). In 

avians, the primordial germ cells originating in the yolk 

sac endoderm migrate via the circulatory system to the 

genital ridge (Basrur 1974; Nalbandov 1976). At the genital ... 
ridge, the primordial celle develop into undifferentiated 

gonads. If a gonad is to become a testis, the cella in the 

germinal epithelium grow into the underlaying mesenchymal 

tissue and there they form the seminiferous tubules of the 

testis. If a gonad is to become an ovary, the primordial 

cells grow into the mesenchyme, where they differentiate 

into ovarlan follicles contalning ova ( Nalbandov 1976 ). 

In the male embryo, there i8 no tubular system laid 

down pe~ se. The efferent ductules and deferent ducts 

develop f,r'èm the mesonephros or urinary' system ( fowls lack 

epidldymides an<1 accessory glands). Two active agents that 

are produced by the fetal testis are responsible for 

differentlation and development of the duct system in males: 

(1) fetal androgen, produced by the testis, which causes 

development of the reproductive tract, and (2) Mullerian 

inhibiting substance responsible for suppression of 

Mullerian ducts from which oviducts, and vagina develop in 

the female (Ashdown and Hancock 1980). The anatomical and 

glandular development of the oviduct in females ia under the 

influence of estrogena (Nalbandov 1976) and androgena 

(Gilbert 1980). 
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2.3 Physiological control ~ reproduction 

In comparlson with mammals, avian endocrinology i8 

poorly' understood and less ls known of the male than of the 

female. Reproduction, in males and females, can be divided 

into two endocrinologically distinct phases; one in which 

the physiological mechanisms lead to sexual maturation and 

the other in which the plocess results in the production of 

an egg or semene 

With respect to the first phase, leading to sexual 

maturation, Sharp (1975) has shown that luteinizing hormone 

(LH) levels in chicken plasma steadily rise until about 3 

weeks before sexual maturity in both sexes. However, he 

found that the levels of LH, in males, fall at about the 

onset of sexual maturity (20-23 weeks) and subsequently rise 

to reach a concentration of approximately 10 ng/ml. In 

contrast, he observed that. the plasma leve1s began to fall 

progressively in pullets from 19 weeks of age (5 ng/ml) 

untfl 22-25 weeks of age when they began ta 1ay eggs.(2 

ng/ml). He suggested that the decrease in LH is associated 

w i t 11 a rai s e dpI a s mas ter 0 i dIe v e 1. br 0 u g h t ab 0 u t b Y the 

development of fol1ic1es. 

The increase/d secretion of LH at the onset of puberty 

was believed ta bJ the result of a change in sensit;:iv'i"ty of 

the hypotha1amu~-hypophysea1 complex ta the negative 

f e e d bac k 0 f s ex ho r mon e s ( S h a r p 1 9 7 5 ). Ho w e vJe r, as b i r d s 

approach sexual maturity they become photostimulatory and it 
r 

is this change that is responsible for the future sexual 
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d e v e 1 0 pme n t ( G i 1 ber t 1 9 8 0 ) • l n r e s po n s e 't 0 a cha n gin g 
". 

daylength, the hypothalamus alters its output of the 

gonadotropln-releasing hormone, (GnRH) which in turn 

stlmulates the pituitary produc~ion of the gonadotropins 

foilicie stimulat:1.ng hormone (FSH) and LH, (Gilbert 1980; . , 
/ 

Sharp and Gow 1983). This major activity of the hypothalamus 

is 4ssociited with an Increase of functional activity of 

ne~roci~~s and pertinent nuelei of hypothalamus and 
l , 

go nad 0 t r 0 p\o c Y tes 0 f ad e no h y pop h Y sis (N 0 v i k 0 v 1 9 79; K n i g h t 

1983). \ 

Plasma LH levels at the onset of puberty can be 

increased, ln cockerels reared on short days, by increasing 

the daylength (de Reviers and Williams 1981). Knight (1983) 

stated that the progressive desensitlzatlon of the 

hypothalamus-hypophyseal system to the negative "fee,dback 

action of testosterone in cockerels is not the primary 

mechanlsm which initiates and sustains the process. The 

onset of sexual maturation in the eockerel Is primarlly 

determined by a ce~tral neural mechanism which results in an 

increased aetivity of luteinizing hormone-releasing hormone 

(LHRH)" neurones ln the hypothalamus (Knight 1983). 

The second endocrinolroglcal phase of females, the 

physiologieal control of ovulation, la a more complex 

reproductive process • The release of LH from the pltultary 

ls involved and this release may be eontrolled by feedback 

me c"h a ni 8 m 8 0 f ste r 0 1 d ho r mon es ( W i l 80 n and S h a r p 1 9 7 3 ; 

Btches and Cunningham 1976). 
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A peak of LH and progesterone at about 4-7 hours 

occurs nOrmal\~, prio~ to ovulation in hens (Cunningham and 

Furr 1972; Furr II Q. 1973; Lague !..E. Q. 1975; Sturkie 

1976). Lague!!..!l. (1975) and Sturkie (1976) s'uggested that 

there lIlay; be a positive feedback. relationship between 

hypophyseal LH and ovarian progesterone in the laying hen. 

This relationshlp was demon~trated by Etches and Cunningham 

(1976) who observed that progesterone stimulates the 

secretion of LH and LH stlmulates the secretion of 

pro g est e r 0 ne. Sm a l 1 "d 0 ses 0 f 1 n j e ete d pro g est e r 0 ne in the 

hypothalamus have been found to induce ovulation in the hen 

(Nalbandov 1976). 

The role of estrogens in the ovulation of the hen is 

no t cIe a r. La gue II .!..!. (1 9 75) 0 b sae r v e d t ha t 0 v u lat ion m a y 

occur occasionally in the absence of estrogen peaks artd some 

estrogen peaks appear not to be related to ovulation. 

Contrary to progesterone, estrogens appear to have a 

negative feedback effect on gonadotropln production (Gilbert 

1980). Other hormones i.e., p~ostaglandlns, are involved in 

'ovulation but their normal role has yet to be clarified. 

In cockerels, estradiol but not testosterone ia the 

main hormone in the feedback system which regulates the 

synthesis and release of LH (Wilson et al 1983). This was 

suggested by Nalbandov (1976), who observed that estrogen is 

produced by the testis and that larger than physiologieal 

doses of androgen are required to Inhibit pituitary 

funçtlon. The negative feedback action ot testosterone on 

~. 

l , 
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the secretion of LH in cockerels is exerted, at least in 
!) 

part, by means of the product of'1ts aromatization within 

the buin, estradiol-17B (Wilson et.!!. 1983). 

Androgens are invol ved in spermatogenesis (Nal bandov 

1976). The effect of LH on sperm production in mammals is 

via its effect on testosterone which ls directly or 

indirectly involved i]1 the maintenance and restoration of 

spermatogenesis (Stelnberger 1976). Other hormones, 

prolactin, somatotropic hormone and adrenocorticotropi~ 

hormone may be implicated in the controlling mechanism of 
'-~ 

sperm production, but clear evièfence for thelr uormal role 

has yet to be found (Gilbert 1980). tl 

The endocrine control of the 
. 

reproductive pro cess in 

males is similar to that of females in that the same two 

pit u i t a,·r y ho r mon es· F S Han d L H pla y the ma j 0 r I,O lei Ïl the 
,/ \ . 

stimulation of both ovary and testes (Nalbandov 1~76). 

Experiments with hypophysectomized animaIs clearly show that 

gonads totalty depend on pituitary gonadotropins for support 

and maintenance (Nalbandov 1976; Novikov 1979). In the hen, 

~ 

FSH and LH are responsible for the development of ovarian--" 

follicles, ovulation and ~teroid, production by the ovarian 

steroid-producing cells (Gilbert 1980). In roosters ~ FSH is 

necessary to initiate growth of the seminiferous tubules and 

LH causes development of the Leydig cells which produce the 

androgens (Gilbert 1980; Bahr and Nalbandov 1977; Nalbandov 

1976). 

.' 
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In summary, most of the hormones whi~h control 

r'eproduction in femalés, a1so control, directly or 

indirectly, reproduction in males~ This suggests that the 

quantitative control of the expression of genes control1ing 

the re1ease of gonadotropic ho~mones (FSH and LH) and 

steroid hormones is not sex 11mited; and thus repx::oductive 

traits in male and females may be genetlcally correlated. 
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2.4 Bnvf.rooaeotal f actora 

2.4.1 Age of the b1rd 

Age of the birds has a sign1ficant effect on egg 

p r oil u c t 1 0 n and e g g qua lit Y • l t t s k n 0 w n , t ha toI der he n s 

produce lees egge of lower quality than hene 1n their first 

year ~ of prod-4,Çtion. It 18 al so known that the thick al bumen 

of no r mal f r e shI Y 1 a 1 d e.g g s d ete rio rat; e 8 w i t h the age 0 f 

bird, environmental temperature and other factors (sturkie 

1976). Liljedahl et!.l. (1984) exam:f"ned 14, 28-day periods 

-in lay1ng hens and observed that the egg number, start1ng 

fro~ the day of first egg, increased from the first to the 

second period and gradually decreased thereafter., Egg weight 

showed a curv1linear increase to1ith age, while ~e _monthl,~ 
means of albumen height, shel1 thickness and shape, 

generally decreased with the age of the bird. They also 

obse·rved that age 1ncreased the genetic and environmental 

-
variance of egg production, e g , weight and egg quality 

traits. , 

Semen volume and sperm concentration decrease with 

advancing age (Whee 1er and And rews 1943; Clark and Sarakoon 

1967; Marini and Goodman 1969; Ansah e,t!l. 1980; de Ri v iers 

" and Williams 1981; Van Wambeke!! al. 1981; Aosah.!.!. !o!. 

1984b). In White Leghorns, Jones and Lamoif!ux\ (1942), 

Ai -' 

observed an increase in semen yield from 12 to 45 weeks and 

a d e,.c 1 in e f rom 4 (, t 0 5 2 we e k s 0 f age. W il son !! a 1. (1 9 7 9 ), 

observed an increase in total sperm production and total 

number of moving spermatozoa with age (20 to 55 weeke) of 

\ 
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bro{lerc breeders. 

'i The effect of age, found in some experiments, but 

lacking in others, BugS.ests that diffei'ences m~y exist in 

the persistency of semen production of different strains and 

breeds. De Riviers and "Williams (1981) stated that the 

efficiency of selecting males based on their datly sperm 

out put is 1 i mit e d by i n div i d ua l var i a ti 0 n i n t he ra t e at i 

which the daily sperm output decUnes in the adulte 
o , 

The age of the rooster does, not appear ta h~ve any 
(1 

s 1 g nif 1 c a n t e f f e c ton s p e r m m.o C.i 1 i t y,. p JI, or p e ,r c,e n ta g e 0 f 
. 

abnormal apermatozoa (Whéeler an~ Andrews 1943;, M-arlQ~ and 

Goodman 1!l69). In natural m~ftlngs 
, ' 

the reduction ln male 
i 

fertility Is due more to the inabll1ty to successfully mate 

• or the lack of mating desire than ,to semen characteristics 

(Soller!.!. a-l; 1965a,b; Clark and Sarakoon 1967; Wilson et 

al. 1979). 
, 

Marks (1978) observed that the' lIIean ot,packéd spel'lII 

volume of 146 males paralleled the mean,dally egg ma~s curve 
, , Il 

of 400 full-sib females in 3 out of 5, laying periods., The , 
1>' 

levels of bath packed sperm volùme and '.gg man were hlghest 
" . 

" in the 3rd 'period Bend lowest ~ the~.,sth periode If both egg 

production and semen yield decline wl~th' age', probably as 'a, , 

result of an inabllity of the birds t'o ~~pe' with" unfavorabl,e 
, \ . 

env1ronmental factors, the relationshif_,betw-e.en semen yie1d 
" , 

and egg produçtlon May change 'with age wtt:'h"j.,o" a giv~en 
\ 

population. 

J 

i 

" 
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2.4.2 D:l.sea.es 

Diseases cause slgnif1cant economi.c losses through 

m 0 r t a 1 i t Y 0 f b i rd san d / 0 r t h r 0 u g h the ,r e duc t ion 0 f e g g 

production and egg quallty. lt is known that diseases such 

as Infectious Bronchitis, Newcastle d1sease, Fowl Pox and 

Avian Inf 1 uenza cause a drop in egg production and reduce 
l "', 

egg quality (Sturkie 1976; North 1978). Although :Ln most 

reports nothing ls said abou.t the effect on roosters, it 

couJ.,d be expected that diseases, such as those mentioned 

prev:1.ously, will cause a drop in semen production. 
~ -

LymphQid leukosis virus (LLV) disease has been 

report-ed ta cause only low·,mortality among adult chickens 

(Gavora ~ al. 1975) and thus lt has been previously 

considered a disease of minQlr economic, importance. Gavora ~ 

!.l (1980),however, reported that egg production was 

signiflcantly reduced (25 to 30 eggs per hen housed and 17 . 
to 24 egge per surv1vlng hen) in White Leghorn nens shedding 

LLV into eggs. They also observed that shedders laid 

sign:1.ficantly sma11er eggs with thinner shells. Those 

findings were further corroborated by Gavora .!.!.!.l. (1982) 

in meat-type chickens. Egg production to 385 days was lower 

... in shedders than in non-shedders by 10 eggs per hen housed 

and by 8 egga per -aurviving hen. Furthermore, test-positive 

birds·had hlgher mortality and l.ower 6 week body welght. 
, 
Siml1ar effects of LLV on egg production and related traits , , 

have been reported by Payne !l al. (1982), Romero et al. 

(1983) and Fair,full et al. (1984) • 

'. , . 

. , 
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The e f of e c t 0 f II Von sem en pro duc t ion and mal e 

fertility has not been reported in the available literature. 
<;; 

However, it was of interest to examine whether such effects 

exist because semen production is economically important for 

the poultry industry. Furthermore, if the reproductive 

performance of bath sexes is under the same physiological 

control, it would be expected that lL V affects semen yield 

and egg production in the same direction. 

2.4.3 Frequency of se.en collection 

The number of ejaculations in a day or pel' week 

influences semen volume and concentration of- spermatozoa per. 

. ejaculate. Both of these semen traits decrease with the 

frequency of semen collection (McCsrtney et .!..! 1958; McDaniel 

and Sexton 1977; Bakst and Ceci.l 1981;Ansah ~.!..!. 1984a). 

However, when the objective is '0 obtain a greater amount of .. 
spermatozoa in a given period of time, semen yields per ~ale 

can be increased by more f~equent collections (McDaniel and 

5exton"1977). These authors have also indicated that such an 

efficient use of males can be obtained in the early periods 

of production, but not lster on. McDaniel and Sexton (1977) 

obsel'ved that semen yie1d of. male-s collected five timés 

weekly declined more l'apidly aftel' 8 weeks than the semen 

yield of males collected one or three times a week., Similar 
1 _ 

results have been reported in turkeys by Lorenz ~ !!..!. 
---.~ 

(1955); McCartney et ~!.l (1958) and Ansah ~ Q. (1984a). 

-
Ansah et .!l. (1984a) reported that three ejaculates pel' 

t 
u 
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week, ln alternate days will give the maximum sperm 

production, compared with one or five collections a week. 

The frequency of semen collection appears to have no 

effect on fertility of chickens and turkeys (Lorenz et al. 

1955; McCartney ~!l. 1958; McDaniel and Sexton 1977). 

However, frequent semen collections Increase sperm motillty 

( S w i ers t ra aon d S t rai n 1 964 ; deR 1 vie r s 1 975) and the 

percent age of live spermatozoa (Ansah !.!. al. 1984a). De 

Rlviers and Williams (1981) conclu'ded that the daily sperm 

output of the testes is better exploited by the use of 

frequent semen collections which also Improve the quall~y_of 

ejaculated sperme 

Two to four weekly collections hf semen per male ~ould 

seem sufficient to give a satlsfactory measure of ,the 

inherent semen yield of a male (Williams and McGibbon 1956). 

The repeatability estimates of semen 1 traits range from 0.58" 

to 0.90 for semen volume,' from 0.56 to 0.82 for Etperm 

concentration, and from,0.62 to 0.83 for sperm mOfi~ltY 

(Williams and McGibbon 1956; Si1gel and Beane 19,60; jOller 

etaI. 1965a, 1965b; Karini and Goodman 196'9; Ping~l and 

Schubert 1983). The differencés in repeatabili.ty values for 

the same trait are usually a result of the populations used, 

method of semen collection and probably age' of the bird. The 
'\oc 

high repeatabl1ity of semen traits ls a desirable 

cbar.acteristic, because any trait selected fo'r to imprpve 

egg production, 
0,\ ) 

not 'oidy has to be correlated with egg 

production, but also should be easy and inexpensive to 
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measure. 

Otber environ.enta! factors 

Other environmental factors which are known to affect 

the reproductive performance of 'males and females are: 11ght 

regime, 'temperature and nut ri tion. Long photoperiods reduce 

the age at sexual maturity of pullets, and stimulate egg 

production (Morris and Fox 1958; St;urkie 1976; Gilbert 

1980). lt i8 common practice to keep hens under 14 to 16 

hours of light during the egg production periode ln 

cockere ls. long day-l,ength also brings about ear ly sexua 1 

maturity (Ingkasuwan and Ogasawara 1966; de Riviers and 
, 1 

Williams 1981). However, it seems that long (12 to 16 hours) 

or short (8 to ,Il hours) photoperiods do not affect semen 
, [ 

yield significantly. Parker and McCluskey 096\5), .Ingkasuwan 
. 

and Ogasawara (1966), Siegel !::.!. al. (969) and de Riviers 

,(980) reported no differenees in semen yield between the 

artifieial light regimes they tested. 

Amblent temperature has 8 slgnlflc8nt effeet on egg 
+-

production and egg quality, as weIl as on the reproductive 

traits of males. A h var .!.! .!.!. (1 983) r e po rte d th a t pu ll.e t s 

at 32~C reached sexual maturity 4 days earlier than birds 

housed at 10wer temperature (20 ·C) but reduced 18ying 

intensity from 71.6 to 66%. They also reported a reductlon 

ln egg weight (9.8%), albumen welght (7.2%), yolk weight 

(13.5%) and shel). thickness (9.5%), ',but an increase Jn 

albumen percentage (2.9%). In males, Ingkasuwan and 

Ogasawara (1966) found that high ambient temperature (32·C) 

/ , " 
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accelerated slightly the development of testes and the 

production of semen in the early stages of the1r exper1ment, 

but depre~sed production later on. Josh1 =.!.!l. (1980), 

li 
reported that males housed at 32 C produced~~~ss semen, w1th 

lower sperm 'concentration and motility, but had !h1gher 

percentage of live and abnormal. spermatozoa, than males 

under 17 ·C. 

Low ~nergy d1ets reduce the rate of egg production and 

egg weight (Harms and Waldroup 1963; Auckland and Fulton 

19 7 3 ) • Au c k l and and Fu 1 ton (1 9 73) al s 0 0 b s e r v e d th a t e g g·a 

from hens with low energy 1ntake had thinner sh~lls and poor 

• 
albumen quality. Males fed a low energy diet produced a 

lower volume of semen and had poorer fertility tha~ those 

fed a 8"tandard diet (Parker and Arscott 1964). In addition, 

low energy diets reduce the testes and comb weights ,of 

cockerels (Parker and Arscott 1964; Engster ~~. 1978). 

Nutritional deficiencie$ and excessive amounts of certain 
\ 

substances (i.e. drugs) may affect egg and semen production 
, 

( G.i l ber t 1 9 8 0 ) • 

( 
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Heritability, the fraction of the total variance 

attributable to genetie differenees, measures the degree of 
.' 

resemblanee between relatives, and dt is an important tool 
" 

in making decisions about the best method ta ob tain maximum 

genetic improvement. 

An extensive review on the heritabiljty and 

correlations for traits of the chicken have been published 

by Kinney (1969). The most characteristic feature of studies 

of this kind is the extreme variability of re~orted 

heritabilities and correlations. Kinney stated that "be-:ause 

of the extreme variability. the value of any estimatEs of 

these parameters in a specifie population is questionable to 
\ 

one' interested in a genetihally different population". 

However, the mean of those parameters provides an idea 'of 

the,overall tending for the heritability or the correlation 

between traits. A 8ummary of the mean heritability of egg 
v 

p~oduetion and related traits from Kinneys's review, and the 

estimates of heritability of hen traits obtained by Gowe et 

.!l.' (1973) in some of the strains of birds used in the 

present study are glven ln Table 1. 

In contrast ta females, there are fewer reyorts on the 

heritability of semen traits and most of these are based on 

small 6sample sizes. The influence of heredity on semen 

traits was demonstrated by the differences observed between 

familles (Boone 1968), between breeds (Allen and Champion 

---, , - ~- - -----------~------_ .... _-
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Table 1. Number (n), me an and range of heritability estimates 
Tor same eeonomieal trait~ in hens.+' 

Age at 
fi rst egg 

Hen-housed 
egg prod. 

Survivors 
egg prod. 

Hen-day rat. 
aT egg prad. 

EQÇJ weiQht 

EgO mas. 

Specifie 
'gravi ty 

Haugh units 

Shell .hap. 

Blood spots 

Kinney (1969) 

n m.an r.nge 

29 0.39 0.07-0.90 

7 0.15 0.00-0.24 
, ' 

39, 0.22 0.02-.0.45 , 

8 0.15 0.18-0.51 

21 0.45 0.15-0.72 

8 0.26 0.11-0.42 

6 0.32 0.04-0.47 

Il 0.42 -0.04-0.70 

7 0.41 0",26-0.74 

3 0.13 0.02-o.2~ 

n 

b 

Gowe ~~ ~!. 1973 

range 

0.43 0.20-0.61 

0.20 ,0.09-0.31 

0.34 0.24-0.46 

0.65 ·0.48-0.92 

0.53 

0.52 

0.34,-0.64 

0.20-0.77 

Body weight 25 0.52 0.03-0.93 6 v" 0.;5, 0.24-0.74 

------------------------------------------------~~-----~-------

+ Mean estimates based on sire component of variance of light 
br •• d. of eh.ieken. Short t.rm .gg production. • 
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1955) and between inbred lines of chic kens (Williams and 

McGibbon 1956). Breed and indlvidual differences in the 

ultimate size of the ganads and s~erm productIon are 

dependent somewhat on. genetically fixed differences of the 

level of functianal activity of the hypothalamus (Novikov 

1979) • 

The herltabllities of semen traits ln the fowl, as 

those of females, vary extensIvely from author ta author 

(Table 2). The heritabillty of semen volume ranges from 0.14 

ta 0.79; of spèrm concentration From 0.01 to 0.65; and of 

sperm motility From 0.17 to 0.87. Marks (l981b) working with 

two lines of White Leghorns, obtained reallzed 

herItabillties 0f 0.44 and 0.48 for percentage of packed 

sperm volume. However, Pingel and Schubert (1983), using 

intraclass correlatIon methods, obtained estima tes of packed 

sperm volume as 0.06 and 0.38. 

The dlfferences ln the estimates of heritabilIty above 

reparted are thought ta be due ta dlfferences in gene 

fr~quency of the populatIons and methads of est{mation used. 

The mean herltabilities of semen volume, packed sperm volume 

and sperm concentration calculated From the values reported 

in Table 2 were maderate (0.42, 0.30 and 0.34, 

respectively); this IndIcates that in order ta use semen 

traits 8S indicators of females' reproductive performance_ 

these traits should be positlvely and highly correlated with 

egg p roduc tion. 
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Table 2. Heritability estimates of semen characteristic5 
in fo..,1. 

Author 
Type of 
fowl- Heri tabi li ty 

SEJ'lEN VOLUME 

Siag.1 ( 1963) 1 0.14 
Caraon !!~ ~!. (1955) 3 0.50 
Soll.r .t .. 1. <1965a) 2 0.41 
Chal av <"ï972) 1 0.35 and 0.41 
Kopylovakaya and 
Chalov ( 1973) 1 0.41 
Kurb .. tov !!~ ~!. (1974) 2 0.17 
Mymri n !!t. el. ( 1973) 3 0.54 and 0.70 
Ne.tor (1976) 3 0.35 
Ping.l & Schubart(1983) 1 0.58 and 0.79 
An.ah !!t. ~l· <1984b) 2 0.34 and 0.64 

PACKED SPERM VOLlJt'1E (X) 

Marks (1981b) 1 
Pingel & Schubert<19B3> 1 

0.44 and 0.48 
0.06 and 0.;38 

SPERM CONCENTRATION 

Siegel (1963) 1 0.01 
Sallar !!~ ~!. ( 1965a) 2 0.46 
Chalov ( 1972) 1 0.35 and 0.46 
Kopylovskaya and 

0:46 Chalov, (1973) 1 
Kurbatov !!~ !!.(1974) 2 O.lB 
Mymrin !!t !ol· ( 1973) 3 0.34 and 0.42 
Shishkin (1977) 2 0.28 
Bor.U ng' (1980) 2 0.23 and 0.31 
Ans.h !!~ !.!. ( 19B4b) 2 0.37 .and 0.65 

SPERM l'IOTILITY 

Siagal (1963) 1 0.29 
Sall.r !!t !.!. <1965a) 2 0.87 

J::ha!ov (1972) 1 0.26 and 0.41 ' 
Kopylovskaya and 
Chalov '(1973) 1 0.41 
Kurbatov !!~ !!. (1974) 2 0.17 
Mymri m !!t !ol. (1973) 3 0.17 and 0.51 
Pingel & Schub.rt(1983) 1 0.07 and 0.20 

lntr. Corr. 
lntr. Corr. 
Intr. Ccrr. 
Regression 

Regression 
Not reported 

Il 

Selection 
lntr. Corr. 
lntr. Corr. 

Selection 
lntr. Ccrr. 

lntr. Ccrr. 
lntr. Corr. 
Regression 

Regression 
Not reported 

" 
Regression 
Intr. Corr. 
Intr. Corr. 

lntr. Corr. 
lntr. Corr. 
R.gression 

Ragre.sion 
Regression 
Regr.ssion 
Intr. corr. 

* l-Egg-typa chickanl 2-Maat-typa chicken; 3-Turkay; 
** lntr. Corr.- Intracla •• correlation. 
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2.6 Pheuotypic correlationa a.ong ~ traita 

Researchers have always been concerned with the degree 
'-

of association betweèn different traits, mainly because of" 

the effect that selection on one trait may produce in 

others. Individua! estimates of correlations are usua11y 
, 

of little value, except as they relate to a specifie study. 

Neverthe less, the mean of the correlations gives an idea of 

the overall tendencies. 

The phenotypic correlation coefficients among semen 

traits and between. semen traits and otber male traits 

obtained from reports in the literature are given in Table 

3. In general, the relationship of semen volume to sperm 

concentration, and sperm motility in fowl tend ta be 

positive; but the correlation of semen volume, sperm 

concentration and sperm motillty with the percentage of de ad 

or abnormal spermatozoa tends ta be negative. The 

correlati~\~etweeù semen volume and testes size appears ta 

be positive, as that between semen v .. olume' and body weight. 

-, 
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Table 3. Phenetypic correlations among semen traits and of 
semen traits with testes and body weights. 

------------------------------------------------------------
Author 

Type of Seman 
fowl- trait 

Correlation 
coefficients 

CORRElATIONS,WITH: SEHEN VOLUME 

Siegel ~ Seane (1960) 2 
Soller'~~ Il. (196~a) 2 
Marini ~ Goodman(1969) 2 

,Kolpakov (1970) , 3 
Saeid and AI-Beudi(1975) 4 
Ne.ter and Brown(1976) 3 
Sieoel and Beane (1960) 2 
Sol 1er ~~ I!. (196541) 2 
Marini and Goodman(1969) 2 
Kolpakov (1970) 3 
Saeid and Al-Seudi(1975) 4 
Marini ~ Goodman(1969) 2 
Saeid and Al-Soudi(1975) 4 
Marini ~ Goodman(1969) 2, 
Saeid and AI-Soudi(1975) 4 
Na.tor and Brown (1976) 3 
Burrows and Titus (1939) 4 
Lamoreux (1943) 1 
Ansah at !l. (1984b) 2 
Jona. and LamorllUx <1942>' 1 
Williams ~ McGibbon(1956) 1 
Saeid and Al-Soudi(1975) 4 

,1Concentration .. .. 
Il 

.. 

.. 
Motili ty 

Il .. 
Il 

Il 

Il 

y. Abnormal 
" 
Il 

Il 

Il 

.. 

.. 

0.42** &)0.56** 
0.52 ** 

-0.09 & -0.05 NS 
0.70** 
0.04 

-0.07 NS to 0.32** 
0.27 ** 
0.26 NS 
0.22** 
0.67 * 
0.09** 

-0.20* ~.-0.06 NS 
0.04.NS 

-0.16* & -0.12 NS 
0.04 N~ 

-0.37** te 0.24** 
0.78** 
0.39* 
0.31** 
0.32** 
o. 41"~* 
0.23** 

CORRELATIONS WITH: SPERM CONCENTRATION 

-Jonas. Lanoraux C1942) 
Siegel • Beana (1960) 
Sol 1er ~~ .1. (1965a) 
Marini • Goodman(1969) 
Kolpakov (1970) 
Saeid ~d Al-Soudi(197S) 
Marini & Goodman(1969) 
~aeid and Al-Soudi(197S) 
M~rini • Goopman(1969) 
Saaid and Al-SoudiC1975) 
Nastor and Brown (1976) 
Ansah ~~ .• 1. (1984b) 
S.eid and AI-Saudi(179S) 

1 
2 
2 
2 
3 
4 
2 
4 
2 
4 
3 

Motility 
•• 
Il .. 
.. .. 

X Daad sperm .. 
X Abnormal .. 

.. 
2 Testes s1ze 
4' \ Sody wei ght 

PC'Jsitive 
0.25 •• & 0.63** 
0.50 ** 
0.48** Sc 0.42** 
0.85 ** 
0.38** 
0.07 ~ -0.01 NS 

~O. 10** 
, 0.00 • -0.02 NS 

o. Ob' NS 
-0.23** to 0.12NS 
0.35** 
0.07 NS 

CORRELATIONS WITH: SPERM MOTILITV 

Saeid and AI-Soudi(1975) 
Marini • Goodman(1969) 
Saeid and AI-Boudi(1975) 

Saei d and AI-soud'l (1975). 

4 
2 
4 

" 

'}: Dead .perm 
X Abnormal .. 
Body weight 

-0.19** 
-0.20* ~ -0.30** 
0.14 NB 

0.06 NS 

-----------------------------------------------------------
• 1- Egg type ehiek.n, 2-Mact type chickan; 3- Turkeys 

4-many breBd. 
* Signifie.nt (P<0.05); ** HiOhly significant (P,O.Cl) 
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2.7 GeDet~c correlation8 aaons .ale traits , 
Although phnnotypic correlations indicate the degree 

, 
phenotypic relationship betwee~ two variables, , thé 

genetic association and the expected change in one trait by 

selecting on another ls determlned by genetic correlations. 
~ ~ 

The ge~etic causes of corr~lation are chiefly pleiotropic 

effects of genes, although linkage can cause Itransient • correlations (Falconer 1981). 

Only a few eiiimates of genette correlations among 

semen traits of avians have been reported (T.able 4). Semen 

volume measured in roosters appears to be unrelatued to sperm 

concen~ration. however, these traits appear to be positively 

correlated in turkeys. The correlations of sperm motility 

with semen volume and sperm concentration tend to he 

positive. 

Thire are no reports in the literature, to the 

author's know~edge, on the genetic correlation of semen 

vol ume. s p e r m con c e n t rat i 0 fi ,,0 r s p e r m mot i lit Y w i.t h t ft e 

percent age of dead or abnormal spermatozoa. , 

Growth rate of' broilers appears to be practically 

uncorrelated wlth semen volume (0.08) and sperm 

concentration (0.04), but negatively correlated (-0;21) with 

sperm motility. Marini and Goodman (1969) reported a 

significant decrease in the amount and quality of semen 

produced by males)of two lines selected for fast or slow 

growth rate. The males of the slow-growth 1ine produced 0.06 

cc more semen , 2.4 x 10 9 more spermatozoa, 4.5 % less 

/ 
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Table 4. Senetic correlation~ among ~am.n trait. .nd 
bat ..... n .em.~ traits and other male traits. 

, --------------------------------------------------------
Author 

Type of 
fowl" 

CORRELATIONS WITH: 

Sol 1er !!~ ~!. <1965b) 2 
Mymrin !!~ !!. (1973) 3 
Sol 1er !!~ !!. <19ô5b) 2 
Chalov (1972) 1 
Mymrin !!~ §l. ("1973) 3 
Kolp.kov . (1970) 3 
Sollar !!~ §!. U9ô5b) 2 
Kolpakov < 1970) 3 

,Traits 

SEMEN VOLUME 

Concentration .. 
Motility 

Il 

Il 

Body weight 
Srowth rate 

.Test •• weight 

Genetic 
Correlation 

-0.04 
0.65 
0.04 
0.55 
0.60 
0.12 
o.oa 
0.47 

CORRELATIONS WITH; SPERH CONCENTRATION 
;-

Sol 1er !!1: ~!. <?65b) 2 Mati lit y 0.51 
Kolpakov (1970) 3 Il 0.85 
Chalov (1972) 1 .. 0.63 
Mymrin !!1: A!· (973) :3 Il 0.54 
Soller !!1: al. ' (1965b) -- " 

2 Growth rata 0.04 

CORRELATIONS w~: SPERM MOT IL ITY 

Seller !!~ al. U965b) 2 Srowth 'rate -0.21 
Seller and 
Rappaport < 1971) 2 Gr-o",th-rat. -0.28 

, --------------------------------------------------------• 0 

* 1- Egg- type chicken[ 
3- Turkey 

2= Meat-type chicken; 
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28 , 
dead spermatozoa and 3.1% less abnormal spermatozoa than the 

males of the fast-growth line. 

Like the heritability estimates t differences in the 

estimates of genet1.c correlations may be e!Cplained by the 

method of estimation used t population size and probably the , 

age when the tràits were mea~ured. 

• <) 

. .' 
, 
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2.8 Correlations between .ale and fe.ale 
re~roductive trai~--

2.8.1 Correla tions between .ale and fe.ale 
reproductive traits in lIam.als 

29 

T"he're is experimental evidence tha,t supports La~d's 

(1973) hypothesis that testes size-in mammals is genetically 

correlat,ed with ovulation rate and litter size. Selection 

for high and low natural and high'f,lnd low ind:.Jced ovulation 
\ , 

rate in mic~ èaused testes weigh-t· ta change in the' same , . 

direction as ovulation rate (Lcand and Faleoner 1969). Eisen 

a'nd Johnson (1981) observed an increase in testes weight of 

mice following selec~ion for large litter size. Similarly, 

selectfon for large and small qlitter size in mice changed 

tes tes wei 9 h tin th e sam e d ire c t ion as 1 i t ter si z e 

(Joakimsen and Baker 1977). Conve.I'sely, selection for high 
r 

~n d 10 w t ès tes wei 9 fi tin mi cel e d t 0' cha n 9 es in 0 v u 1 a ~ ion 
~ 

rate ·in' the same direction as testes weight (Islam et al. 

1976) • 
( .Je, 

In pigs, the reeults are similar. Selection for high 

ovulation caused testes size to change in the same direction 

as ovulation rate (Proud ~ al. -1976)., Males of a line 

selected over nine generations for ovulation rate had 9 to 

15% heavier testes t'han a control strain, at 120, 141, 162, 

and 1 8'3 d a y s 0 f age (5 chi n c k e 1 ~ ~. 1 9 8 3 ) • fur the r m 0 r e , 

the line selected for ov ulation rate had also more rapid , 
testiculàr development From 12b ta 183" days of' age than the 

controlline. 



Breeds of sheep with high ovulation rate tend ta have 

more rapid growth of the testes than breeds of low ovulation 

rat e (L and 1 9 7 3 ; Lan d e t al 1"98 a ) ; 0 n the 0 the r han d , 

selection for high and low testes dlallleter in sheep caused 

ovulation rate and litter size per ewe to"follow in the same 

direction as testes size (Land ~!.!. 1980). 

It seems feasible, therefore, to change reproductive 

characteristics ln the male by selecting for reproductive 

trait' in the female, and vice versa. However. the magnitude . " 

and sign of the genetic correlation between male and female 

r e pro duc t ive cha r a c ter ls tic s mus t b e, f i r ste s t ab l :L s he d t 0 

assess how succoessful the( application will likely be before 

this approach can be aptYlied s8tIsfactorily. 

Eisen and Johnson (1981) estimated the reallzed , " 

partial gene~lc correlation between testes weight and litter 

slze, holding body weight constant, as 0.42. Land (1973) 

reported the partIal correlation between ovulation rate and 

testes weight for constant bOdy weight in five stra1ns of 
~ 

mice as 0.82. The genetic correlation of testes weight and 

ovulation rate W8S est1mated to be 0.50 for primlparous and 

().25 for nu~llparous Dlice (, Islam et,!.!_ 1976 ). 

In pigs. Schinckel!:.!..!.!. (1983) estimated a positive 

genette correlation (0.39 to 0.65) between ovulation riite 

and testes weight from the correlation of full-sibe. The 

correlation of testes weight wlth ovulation rate "of dams was 

less than .c between testes weight and ovulation rate of 

full-sibs (Schinckel .!E.!.!. 1983). 

... 
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There are also a few reports on the relationsh1p of 

testes size with other economically important traits of 
. 

females. Sch1nckel ~ .!.!.. (1983) obtained negatlve estimstes 

for most of the correlations between measures of testls s1ze 

of bosrs vith 

sheep, Land ~ 

age at puberty of full 81\, and dams. In 

.!.!.. (1980) observed that selectlon for testes 

size chaoged the Ouset of puberty of ewes. 

Semen production may be re"lated to ovula'tlon rate and 

11tter slze in mammala because both traits are under the 

same hormonal control and semen production ls rel'ated to 

testes size in lIlost species. lndeed, semen production could 

be the logical trait to examine in species in which the 

measurement of the testes ls not an easy task. This ls the 

case of blrds where the testes are inside the body. 

Corre1atlona betveen .a1e and fe.ale 
reproductive tr.l.e. ln fovl 

The rel~'tion8hlp~-between semen traits and egg 

production of fovls ls not weIl understood. Jones and 

\ 
Lamoreu'x (1942) reported that \males of a fine selected for 

\ 
high "egg production produced mor,e semen at 12, 24 and after 

30 weeks of age than lIlales of a 110e selected for low egg 

production. However, chey dld not find dlfferences in the 

size of the testes in the two strains. Jones and Lamoreux 

(l9 4 2) con c l u d e d, bas e don the gr e a ter me 1....0 t 1 cac ti vit Y -0 f 

the testes and the higher production of semen of the high 

egg production line. that selection for high or low egg 

production has been accompanied by relati ve changes towards 
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high and low reproductive ~apacity in male fowl. Recently, 

Borsting (1980) reportad a significant correlation of sperm 

concentration of broiler breeders selected for body weight 

and b9dy conformation at 6 weeks, with the rate of lay of 

the i r f u,ll sis ter s ( O. 19) • He aIs 0 r e po rte d sig nif i c an t 

correlations of semen density and with age at first egg 

(-0.20 ~nd -0.17 respectively). 

Frankham and Doornenbal (1972), on the other hand, did 

not find any advantage in either semen volume or sperm 

nu m ber 0 f t w 0 Wh i tel e 9 ho r n st rai n s sel e c t S'd for hi 9 h e 9 9 

preduction over the control strain. Williams' and McGibbon 

(1956) obtained a non-significant correlatIon coeffIcient 

(r=O.OOl) between semen production of yeà'l'ling cockerels and 

hen housed egg Plioduction of inbred White Leghorn strains 

and crosses.· Pinge) and Schubert (1'983) did not find any 

• significant correlation of semen volume and packed sperm 

volume of White Leghorn roosters with egg production up ta 

240 days of age of their full sisters ( 0.046 and -0.001, 
\ ~ 

respectively ). Marks (1981a) se!~cted for percentage of 

packed sperm vOl~~tO-m-a-rê~ and observed an increase in egg 
-~ 

mass a fter one generation of selection but no further 

increases ln later generations. He conclud.ed that selection 

for p a c k.e d s p e r m vol ume i n mal e s d 0 e s n 0 t r e sul tin 

correlated responses in term of egg massa Marks (1981a) also 

ob se r v e d no cor rel a te d cha n 9 e.s in age a t fi r ste g g, p e r c 'e n t 

hen day px;.oduc.tion from 154 ta 294 days, 62-week body_weight 

and 40 week egg weight after three gen,rati'~ns of selection , ..... / 

~, 
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for packed sperm volume. Kopylovskaya ~.!!l. (1980) concluded 

that semen volume and sperm concentration of cockerels are 

genetically 1ndependent of their mother's egg production and 

egg we ight. 

Nestor (1976) reported that selection for increased 

semen yield of toms resulted in an increase in egg 

production in hens which was established 1n the first 

generation of selection and maintained throughout the six 
\ 

generation of selection. Selection for high egg production, 

likewise, increased semen yield, sperm concentration and 

total sperm produced pel' ejaculate (Nestor 1977). The 

changes occurred in the, f1irst generation of selection and 

were maintained without further changes over a number of 

generations. Based_ on his findings Nestor (1976; 1977) 

conciuded that semen yield and egg production may be 

positively correlated genetically. 

Mymrin (1972) in two turkey 1ine8, observed that semen 

volume was poor1y corre1ated with egg production of the dam, 

full and half siste!s. Similarly, Stenova ~ .!!l. (1983) 

found that the correlations of semen volume and sperm 

concent,ration of toms with egg-laying rate of the dams were 

low and non-significant. The correlations between sperm 

production of toms and the egg ~aying rate of their 

daught ers were al so non- s igni fic ant. 

No reports were found in the literature on the 

re1ationshi~ of semen traits of fowl with egg weight or egg 
\ 

quality traits or on the genetic correlation of testes size 
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and egg production. 

Secondary Bex traits. e.g. comb and wattles, are 

influenced by gonadal sterolds whieh are themselves affected 

by gonadotrophins (Nalband~v 1976). Comb and watt'le size 

may. therefore, be related to egg production and other 

f e mal e r e pro duc t ive cha r a c ter i s tic s • Pas v 0 gel ,e t al. ( l 9 5 l ) 

and Pasvogel (1953) have indicated an association between 

egg production of pullets and comb size of-their brothers 

and sires, and that progeny of males with the fast- and 

8low-gro~th combs also differed in testes weight at 3 weeks 

of age. 

Ayoub and Herat (1975) estimated the correlations of 

wattle length of roosters with egg production of their full 

or half siaters, as 0.21 and 0.13, respectively; and with 

age at sexual maturity of their full or half Bisters as -

0.38 and -0.59, respectively. However, they observed no 

consistency in the aign of the genetic correlations of 

wattle length and egg production across years. Ayoub and 

Herat (1975) obtained an estimate of -0.53 for the genetie 

correlation of wattle length with age at .... i.rst egg. They 

proposed wattle length of cockerels at 10 week3 of age as a 

criterion of selection for age at sexual matur: ty and egg 

production of their sisters. However, Abdel-Warith ~ al. 

(1985) reported that, in female Fayoumi chickens, there was 

no significant relatiooship between wattle length at 4,8 

and 12 weeks, and either age at aexual maturity or egg 

prod uction. 
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'- . 
There are no reports ln the literature either on the 

genetic correlation of testes size with age st sexual 

m.turity, and egg production of he~s or on the genetie 

correlat io'n of wat t le siz e with egg weight and egg qua li. ty 

traits. , 
ln sumlllary, there la paucity of estimatea of genetle 

correlations for whic'h one ttait 18 measu,red on females and 

other in males. lt appears that watt"le meaauremen'ts are fair 

indicators of the female potential for h~~,gg production: \ 

However, more and rellable esti.~ates are nec~ary before 

final conclusions can be drawn. 
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( III HArERIALS AND HETBODS 

3.1 Or1gin and bistory of tbe stocks 

The origin, development and population size of the 

strains used in this study have been described by Gowe and 

Fairfull (1980) and Fairfull !! al. (1983). 

strains 5 and 3 originated from a within- family 

• division of a narrow common base population"-of White Leghorn 

chickens in 1950. Since that year, strain 5 has been 

maintained as an unselected control strain. Strain 3 has 

been selected,since 1951. primarely for hen-housed egg 

p_roduction, which was the number of eggs produced up ta 273 

days of age. In 1970 the selection on strain 3 was relaKed 

and the strain was divided to develop strain 1, which has 

been since sel ec!"t-ed for rate of egg production from age at 

fi rst egg ta 273 daya of age. 

Strain 4 was started in 1950 by importing hatching • 
eggs fram seven unrelated Canadian Records of Performance 

(R.O~P) stocks that were chosen for their better than 

average performance. The resulting progeny from a full 7x7 

diaiiei mating were tested for performance in 1951 and 

selected in the next year and Bubsequent.generations mainly 

for hen-housed egg production. At that time, space did not 

permit maintaining an unselected sample of this strain. In 

"-
1969 a higher proportion of pullets of strain 4 was 

seiected. These puliets were randomly assigned ( within dam 

and sire familles ) ta two groups to form the base 

population of femaies for strains 4 and 2. Strairt 2 was 
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thereafter selected mainly for hen-dey rate of egg 

productIon. 

The control strain 7 originated ln 1958.from eggs of 

four widely used commercial Leghorn stocks belng sold in 

North America. Pedigree matings were begun ln 1959Jorming 

two dlfferent two-way crosses, uSlng 20 males and 60 Fp,males 

from each of the four commercia 1 straIns. 
1 

In 1960 ped19 reed 

re,ciprocal crosses between aIl ùnrelated tWQ-way crosses 

were made, using 10 males and 30 Females for each of the ( 

two-way) crosses. In 1961 and subsequent generabons 80 
! 

males were randomly mated.with 240 females (3 females/male). 

strain 7 has been malntalned as un unse1ected control strain> 

slnce 1961. In 1968, strains 8 and 9 origlnated From a 

wlthin- Family dIvision of a large population of chIckens 

from strain 7. Strains 8 and 9 were selected prImarely for 

hen-house egg productJ.on and hen- day egg production, 

respec t i vel y. 

The unselected control strain 10, orig,inated From four 

wIde1y used commercIal Leghorn-type stocks being sold in 

North AmerIca in 1972. As wlth straln 7, pedIgree ~otings 

we.re made ln 1973 by making reciprocal two-way crosses uSlng 

20 males and 60 females of each of the 4 stralns. In 1974, 

4-way crosses were made and the next and subsequent years 

pedlgreed matings of 80 males and 240 females were made as 

described for strain 7. No selected strains have yet been 

denved From straln 10 (Table 5). 

o. 
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Table S. Description of Leghorn strains developed at the ARC, Ottawa. 

--------------------------------------------------------------------------------• 
Origin Selection 

strain Base population Year Primary trait Sec:ondary trait 

--------------------------------------------------------------------------------
1 Derived frQm atrain 3 1971 High egg Fertility, hatchability 

production rate viability, egg size, egg 
quality, low body weight 

2 Derived from strain 4 1969 High egg FerU li ty, hatchability 
production rate viabil i ty, egg size, egg 

quality, la ... body weight 
3 Narrow genetic base 1950 High hen-housed Fertility, hatchability 

population (Ottawa) egg production viability, egg size, egg 
'quality, low body weight 

4 Seven Canadian R.O.P. 1951 High hen-housed ~Fertility, hatc:hability 
unrelàted stocks egg production viability, egg size, egg 
crossed quality, low body weigh~ 

5 Sarna as strain 3 1950 None None 

7 Four commercial 1960 None None 
strains cro5sed 

8 Derived Tram strain 7 1969 Hi gh hen-housj;!d Fertility, hatchability 
/' egg production viability, egg size, egg 

quality, low body waight 
9 Derived fram strain 7 1969 High egg Fertility, hatchability 

production rate viability, egg size, egg 
, quality, low body weight 

10 Four commercial 1971 None None 
strains crossed c: 

<. 

Since the arigin of these strains, no selection has been practised for semen 
traits. 
Egg quality twaits re~ers to specific gravIt y, Haugh units and incldenceof blood 
spots. 



3.2) Selection 

As descrl bed J~ov e, since 

procedures 

1971 there 
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, 
were six st rains 

under selection in the stjtdy" consisting of 3 pairs of 

strains: 1 and 3,2 and 4 and 8 and 9. Each pair of strains 

,,!ere derived from a different genetic base and consisted of 

one s!:rain selected primarily for high number of eggs 
t? 

produced to 273 days ~strains 3, 4 aFld 8), and the other 

selected primarily for high egg production rate from age at 

first egg to 273 days of ag,e (s,trains l, 2 and 9). A 

consistent selectiOn proced"ure ( but not a linear selection 

index )~as followed. DifferentiaI emphasis was p1aced on 

individual and family records dependlng on the trait 
. 
(Fairfull and Gowe 1980). 'McAllister (1977) derived a 

multiple regressiOi'l approach to estimate the differentia1 

selection attention given to the various traits in the 

selected lines. He concluded that selection pressure was ~or 

the most part directed to cgg production (hen-housed egg 

production or hen-day rate of egg production) and egg 

weigh t. 

Selection of hens for hen-housed egg production or 

hen-day rate of egg production was based on individual egg 

produ'ction, and of males based on th'eir full and half 

slsters performances., For the first three generations (1950 

to 1952) no selection for egg .s~ze was practised for strains 

3 and 4 but ~fter egg size dropped substantially in the 

firs't two se1ected generation, th'is trait was also put under 

positive selection (using pedigree or dam and sire records). 

... 
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In 1960 the selection pressure on egg size was increased 

us '1 n g 1 n div id ua 1 and fa mil Y r e cor d s t a ken b e for eth e end 0 f 

the par t r e cor d p e rio d 0 f 2 73 d a ys. E gfl s i z e wa sin e l u d e d a s 

-a selected trait in strains 1,2, 8 and 9 sinee their origine 

Selection for fertility and hatchability of bens was 

on the basis of dam and sire records ( pedigree selection) 

usi~g B culling lével. Hales were selected for fertility. in 

m 0 s t ye a r 8 , b Y pre t'e s tin g the sel e ete d i n d 1 v i d u aIs and 

rejecting sterile males or those with v,ery low ferti11ty 

reC'ords (Fairfull and Gowe 1980). 

From 1969 on a limited selection was applied to egg 

quality >traits in aIl selected strains, particularl y 

specifie gravit y, Haugh units and the incidence 01 blood and 

meat spots. Furthermore, no dire'ët: selection was applied ta 

body weight at any age until 1976 when selection for lower 

mature body size was added to the selection criteria. Also 

there was no direct selection fDr sexual"maturity at any 

time ( except, of course, that which may have occurred 
, 

indirectly i~ selecting for hen-housed egg production to 273 

days of age). From 1958, selection was directed entire1y at 

the part-record ( to 273 da ys of age ), 

r e t ai ne d as b r e e der s, wh i lep rio, r t 0 t pi 8 sel e c t ion wa s 

directed at botb the part and the complete record ( Fairfull 

and Gowe 1980 ). 

Except for strain 5 which started as a random mated 

pedigreed population in 1959. the control strains (straius 

5, 7 and 10) were reproduced as random mated pe'd1greed 

'Î 
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populations using 80 sireli and 240 females ~r control 

strain each generationi each male mated to 3 females and as 

far as possible each sire contributed ~ sire and each- dam a 

dam, to œ1.nilllize genetic dr1.ft. In the selected strains 28 

sires and 244 dams ( 8 dams/sire) were selected each year 

unt1.1 1982. In 1983, 40 sires from each selected strain were 

used to reproduce the selected strains. 

A imporcant aspect to emphas1.ze here 18 that no direct 
. 

selection for semen production was appl1.ed at any time in 

any of the strains used 1.n this study (Tabl~ 5). As 

men t ion e d b e for e , the sel e ct ion wa 8 p ri m a r 11 yon ce g g 

prod uction. 

., 
-\ 

fi. 

. \ 

, 
" 
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3.3 Heasure.eut of fe.ale traits . . 
Details of the collection of female data have been 

g ive n b y Go W e and Fa i r full (l 980) 8 n d Fla i t: f u' Il ~ 8,1-

(1983). Briefly, egg production was r.ecorded. 5 daya a week 

from housing to 497 daya of age and converted to 7 day 

production. Egg weight and e~g qua'lity measurements W5!re 
~ 

taken for individual birds st about 240 and 450 days of age 
. 

with up to 5 eggs being measured for each hen. Body weight 

1 
of aIl females wa8 taken at housing and 265 daya of age. 

Bod' weight of the breeders was taken at 365 d"aya of ag~. 

The female trai\:~ analysed in this ·study were: 

Age at ff.~.t egg(daY8).T~e age ,.when the first egg of a 

hen was recorded. 

Beu-day rate of egg productf.o1lc'x>. The numbe,r of eg~s 
, ~ 

produced per hen from first egg to 273 or 497 daya of age, 

divided by the number of day's from snual maturity to death 

or to the' end of a given period (273 or 497 days) and 

mult1pl1eq by 100. 

Ben-housed egg producCf.on. The nUlllber of eggs produced 

from housing to 273 or 497 days of age. 

SurY i vors egg production. The number of eggs produced 

per hen surv1vi'ng f~om housing to 273 or 497 daya of age. 

Hens 'iith less than 20% e.gg production en each of the 

perioda: 134 to 273; 274 to '38~ and 386 to 497 days were not 

included. 

" 

( 
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Kgg weight(g). Average egg weight in grams of up to 5 

~eggs per hen at about 240 or 450 days of age. Measurements 

of egg qual1ty traits were al~o made on these eggs. 

Ke~ _a88 (g). The product of the number of eggs 
1 

produced per hen surviving from housing to 273 or 497 days 

and the average egg we1ght of 5 eggs per hen at about 2AO 

and 450 days of age. 

Specifie: gr.vity (-lx(1000». Specifie gravit y was 

measured by determ1nlng which eggs float in brJ.ne solutiocs 

of predetermined specifie gravity. This is an indicator of 

shell thickness. 
" 

ftaugb units. Albumen height corrected for egg weight 

(Wells 1968). It 1s an indicator of albumen quality: 

Shell shape. Measured the ratio of length to width of 

the intact egg. multiplied by 10 and reported as a deviation 
" <> 

from 10; (L/W - l)lO,to nearest 0.1. 

Blood spots perc~nt. Number of eggs with blood spots 

of any size divided by the number of eggs evaluated. A 
1 

maximum of 5 ens were measured fCH each hen. 
"- , 

Fertil1.ty., NUlB.ber of fertile eggs, divided by the 
-, 

number of eggs set and multlplied by 100. 

Katc:babillty. Number of chicks batched divided by the 

number of fertile eggs and multiplied by 100. 

Il 
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3.4 General aanageaent ~ ~ stocks 

The management of the flocks has changed throughout 

long term selection st~dY~ and only the conditions frolll 

1979. which corre~pond to the year of hatch of the firat 

population of birds uaed in this study. are being describt!d. 

Since that year, the management of the flock has been 

similar for each hatch and strain used. Details of the egg . 
production test conditions have been publfShed by Gowe and 

Fairfull (980) Fairfull ~ al.' q983). A brief description 

of the procedure follows. 

3.4.1 Brooding and rearing period 

AlI strains were hatched over a two-day period (half 

o f e a c h s t rai n sir e f ami Ile s b e i n g ha t che d e a c h d a" y ), and 

aIl straius were brooded and reared in a 3-deck cage system 

in a windowless bouse. Female chicks of each straius were 

reared wlth rando. assignment of cages in the rearing house 

so that eàch strain had a proportionate number of cages in 

each level and each, row of cages. Dam and sire progeny 

groups vere 'randomized proportionately within f,smilies to 

tbe cage unit~~ Males were ~rooded and reared in floor pens 

of another house. Chlcks were identified ~y w1ngband, at 

ha t ch. 

Artificial light (red light) was provided for the 

first 48 hours (light intensity: approxi~ately 17 lux) after 

hatching; but during the rearing period, the length of the 

light period was reduced to 6 hours and the light intensity 
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ta about 1.6 lux. AlI chi,cka were dubbed and vaccinated --.. 

against Marek's disease in the brooding house at the Ume of 

tIansrer to cages/pens and during the growing period they 

were vacclnated for infectious bronchi tis, epidemic tremor 

and Newcastle dlsease. From day. 0 ta day 56, aIl chicks 

(male and Females) were fed the Ottawa Chick sts'rter ration 

and From dey 57 ta 133 they were fed the Ott~'wa Grower. 

ration (Appendix Table 1). 

3.4.2 laying period 
" 

AlI pullets were housed in individusl 20 x 41 cm cages 

in a windowless house between 129 and 133 days of age with 

egg recorda beginning at 134 days. After being put in cages 

the females' daylight period was increased one hour the 

first week,and 30 minutes ttle subsequent weeks until a 

16 hour light period was reached. This light period was 

maintained ta the end of the test at 497 days. The light 

lntensity was then about 4b~,J;ux. 

The conditions and mBn~gement oF the males used in 

this study are given in the next section. The general 

conditions of the males during the production period 

follows: 

Males were housed in another building two per cage (30 

x 45 cm) between 129 and 133 days of age. They were under a 

6 ho ur period of light and about l lux Iight intensity, 

until they were 115 days old, but From day 116 after 

hatching, the malea' length of light period and light 

i n t en s i t Y weJr E' i n cre a Be d t 0 B hou r Ban dan d ab 0 u t Il lux, 
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respec tl v.ely. 

Durlng the breedlng period, the males were a180 kept 

ln Indlvidual cages. The female breeders were fed the ottawa 

Hatching ration and the male breeders were fed the Ottawa 

Grower ration (Appendix Table 1). 

J 

( 
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3.5 specifie conditions durlng semen evaluation , 
In this study, the males were kept in controlled light 

houses in individual cages. The length of the period of 

light varied for each part ieular experiment, to allow a fu Il 

days work In the ~ouse. The males in experlments l and II 

were under 12 hours light, those in experiment III to V were 
1\. 

under 9 hours light and the males in experiment VI were 

under 14 hours. Hales were fed the Ottawa Grower ration ad 

!lbitum (Appendix Table 1). 

l.5.1 Kxperi.en~.l birds and their a •• ign.ent to blocks 

The number of strains and population of males used in 

each experiment are shown in Table 6. In experiment l, the 

male breeders hatched in 1979 and a s8mpl·e of males hatched 

in 1980 were used. The 1980 sample included 40 males of 

con t roI s t rai n 7 t a ken a t r and 0 m, 0 n"e mal e r rom e a che ven -

numbered sire family. The 20 strain 8 males and 20 strain 9 

maJes were chosen withln each strain by randomly selectihg 

20 out \of 28 sire families and taking one male at rartdom 

from each of these sire families. 

In experiments II. V and VI aIl males used were 

breeders that'were previously used in reproduction of the 

str~ns. In experiment III, the males used were a random 

sample of males from each dam family. The population 

structure of the males in experlment III is shown in Table 

7. In experiment IV, the control (80 males per strain) and 

selected (40 males per str~in) breeders, plus two males 

/ 
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Table 6. Number of strains and males per strain used in eac:h e)(periment. 

, 

Elcperlment 
Year of 

hatc:h 

Number of strains 

controï--ëëï_ëted 

Number of males 
'per strain 

ControI--ëëlëëtëd--TotaI 
Type of 

bird4t 

------------------------------------------~-----------------------------------
I 1979 1 2 73 28 129 Breeders 

1980 1 2 40 20 80 Nonbreeders 

II 1980 3 6 80 28 408 Breeders . 

III 1982 3 4 
---- 160 336 1684--- Nonbreeders 

\ 

IV 1982 3 // 4 BO 90 600- Breeders 
Nonbreeders 

\ 

\ 

V 1982 3 , 4 80 40 400 Br •• dttr's 

VI 1982 2 4 BO 40 320 B ... eede ... s 

4t The males br •• de .... and/or a random 5ample of males (nonbreeders) Here used. 
The differenc:e Hith respect to the eHpected value of 1824 Has 

due to mortality and obher reason. 

..,. 
cc 

\ 

i 
) 

" 
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Table 7. Population structure of mal •• used in E~periment III. 

---------------------------------------------------------------

Type of 
strain strains 

Sire.1 
Strain 

Number of 
.' 

. 
Dams/Sire 

OffsprinQI 
dam Total 

------------------~------------~-------------------------------

Control 3 BO 1 2 480 

Selected 4 2& 4 3 1344 

Total 7 16844 

---------------------------------------------------------------
.. The difference Nith re.pect ta the expected value of 1824 was 

due ta martality and other reason. 
Control strain5 5,7 and 10 and selected strains 1,3,8 and 9 
were u5ed in the experiment. 

-; 

~ 

~ 

~ 
\0 

• 



50 

randomly selected from each sire famlly pet selected strain 

were evaluated. If a random male happened to he a breeder, 

lts semen trait value was used twice. In this expetiment the 

difference in semen production between the breeders and the 

random group of males W88 tested. 

The number of males per block and the siz:e of the 

semen collection groups within block are shown in Table 8. 

In general, aIl" males .... used in each experiment were asigned 

to large groups (blocks) and within blocks ran~omly 

distributed in clusters of 5 to 8 males per strain (in 

experiment 1, ma,les w;ere distributed by strain and year of 

hatch). The assignment of clusters of cages to the strains 

and of male~ to the clusters within strain was at random. In 

ogeneral, one block of malcs was worked in a day. In 

experiment III, however, the block of 254 males was divided 

in two groups of 127 male'B to allow a full day~9 work. 

3.5.2 Adapt~t~on and training 

In general, when males were two per cage before the 

) 
experimental data collection or had to be lIloved from one 

place to another, they were given a period of time to adapt 

to their new individual cages and environmenb (Table 9). 

In experiment l, the strain 7 males, hatched in 1979, 

and aIl the males hatched in 1980 (strains 7,8 and 9) were 

; moved from their original cages to the new ones ln another 

building where a small laboratory for semen collection and 

evaluation purposes was set up. Siruilarly, aIl males from 

experiments II, III, IV, V and VI were moved~from o~'e place 

'\ 
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Table 8. AssiQn.ent of males to blacks and size of semen collection groups 
within block in each experiment. 

Humber of strains 

-----------------Experiment Control Selected 

1 1 2 

II 3 6 

III 3 4 

IV 3 4 

V 3 4 

VI 2 4 

Total of males per 
block par str.in 

Control Selected, Total 

28 24 52' 

60 42 102 

66 les 254 
d d 160 

81 120 201 

120 eo 200 

80 80 160 

Size of 
Number collection 
blocks groups 

4 18,18,16 

4 4x20,22 

6 4)(20,2)(16 
1 4xI8,2)(22 

22 

3 . 9)(20,21 

2 loic20 

2 8)(20 

-----------------------------------------------------------------~-----------
d The number of •• les par strain was as follows: 18 males for strains 5 and 

7; 22 mal •• for _train 10 and 32 and 34 male. for .trains 3 and 8. 

Il 
./ 

U'1 
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Table 9. LenQth of the adaptation period and 
number of ej_culatiens per male prior 
te semen collectiOn and evaluation. 

Experiment 

1 

II 

III 

IV 

v 

VI 

Adaptataion ~~d Training 

Adaptation 
periodCdays) 

e 

18-25 

1~ 

8 

Number of 
eJac:ulatiens 

o 

6 

4-6 

3-6 

S 

3 

--------------------------------------------~--

-" 
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~\, 

to another or rearranged within the same build~ng. 

During the period of adaptation, the males were 

trained (ejaculated)- no semen samples were kept- and the 

reaponae to the ejaculat'ion training waa sc()ocred 
J 

(satiafactory or non-satisfactory). The dec~sion of 

satisfactory or non-satiafactory statua wa8'b~s~d on the 
~'- " \ 

malers behaviour, Rot Qn hie semen production. The rooaters 

not capable of being trained were identified and eliminated 
p 

From the experiment(Appendix Table 2). 
~ 

The number of ejaculationa per male during training 

varied among and with"in ex,?eriments (Table 9) depending 

whether 0 r 
. ' 

not aIl' or aome of the males (breedera or 

nonb~eeders) had been previously ejaculated. After the 

adaptation period, the males were generally ejaculated in 

two consecutive days to stabilize the sperm reserve of the 

deferent duc_ts, 'and after one day of rest, semen was 

collected, and evalusted (Figure 1). 

" 

., 

/------
----

1 
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Adt1ptation 
period 

o 

E 

1 

~ Adaptation 
pariod 

1:-

0 

'c 

Experiment 1 

E R R c c 

2 3 4 7 

.. DAY 

Experiment. II to VI 

E E R C C 

1 1 

1 2 '3 4 S 

DAY 

E- Emptyinq (Hal •• we,.e ejaculated but no .em.n 
•• mple. we,.. k.pt). 

R- R •• t (M.1 •• w.re nat eJacul.ted). 
C- S.m.n w •• call.ct.d .nd .v.luat.d. 

J 
\ 
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3.6 Se.en collection ~ evaluation ~ 

Semen collection was carried out according to the 

technique routinely ~sed at the ARC, which is a modification 

of 'the abdominal massage technique of Burrows and Quinn 

(l937)~ A crew collected' the semen in small groups of 16 ~o 

24 males (Table 8), and the semen was Immediately taken to 

the laboratory located ln the same building. Semen was 

always collected and evaluated within half an hour; except 

for the )n u m ber 0 f s p e r mat 0 Z 0 a 1 m l and the p e r c e n t age 0 f 

abnormal spermatozoa per ejaculate which were evaluated 

ab'out 5 hours later. If excreta or blood was seen in the 

sample, lt was Doted OD the records and those data were not 

included in the stat~stlcal analyses. At the end of each 

experiment (except experiment 1), the males were taken out 

"of the cages and their body weight taken to the nearest lOg. 

Se.en traita aea.ured: 

Se.en veight. Semen was collected in 16 X 100 mm pre;-

weighed plastic vials. Weights'were directly marked on each 

vial. After colleeti"on, semen we.lght was taken on a 

electronic scale wlth an accuracy to 0.001 g. Semen weight 
\ 

wis\ then calculated as vial plus semen weight minus",the 
\ 

weig\ht olf the vial. Semen weight was defined as the feight 

of 8eme~ produ~ed by ! rooster in one ejaculate. 

Specifie gravit y of .e.en. Twenty two 0.1 ml semen 

sampI es frpm\ each ejaculate of Il males (two samples per 

male) were weighed to the nearest A.g and the tesults 

:~onverted into volpme to determine the specifie gravit y of 
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semen (;.tg Iml). 

Perceotage of paclted .pera) voluae. After gen~ly 

shaking the vials with semen, one semen sample ~as ta~en ~ 

vial in a haematocrit tube by capillarity ( 85,)..(1), ~ed 
with CRITOSEAL (a vinyl plastic putt y) and centrifuged for 

three minutes in a micro-capillary centrifuge, model MB 

(International Equipment Company, Needhan Hts, Mass: USA)~ 

Tne percentage of packed sperm volùme was measured using a 

haematocrlt set and read from a haematocrit chart reader. 

On~mea8urement of packed ~perm volume per ejaculate was 

made in exp~rime~ts 1 to IV, beeause of time eonstralnts. In 

experiments V and VI two measures of packed aperm volume 

, h j were taken pet ejaculate and t e average value was used in 

the st,atist1eal analYSis)paCked sperm volume was deflned as 

the p~centage of sperm mass ln the ej~cu~ate. 

Ruaber ,of .per.àtozoa/al. An electronic co.unter 

(Coulter counter ZBl; Coulter Eleetronlcs of Canada Ltd.) 

vas adapted for sperm countlng by calibrati?n uaing manual' 

heamocy_~ometer sperm counts ,through manipulation of tbe 

amplitude and t~resho~d settiç.gs. Sperm counts of 12 semen 

sample.s from 12 males were catried I)ut uBing the 
L 

haemocytometer (Sorensen 1979) and another Il samples from 

the same males were used f~r sperm counts using the coulter 

counter. Settings of amplitude to 1 and minimum and maximum 

th r e a h ~ t d s 0 f 1 0 and 80 , r e s p e c t ive l y , a p p e a r'e d t 0 b e 

:r 
a p pro pia t e as s u-g g est e d for the cor rel a t ion 0 f cou l ter 

\,J' 
counter and spermatocrit count~: 

• 

./ 

/ 
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Semen samples were prepared for the coul ter counter as 

"f 0 1 1 0 W s: 0 • 0 5 m lof the sem e n col 1 Il c t e d in e a ~e j a cul a t e 

W8S pre-diluted for conservation in 4.95 ml (dilution rate 

1 :100) of Isoton in pre-filled vials. Four hours làter,these 

pre-d:lluted samples were further diluted to 1 :50 000, uglng 

8 dual d 11. u ter III, wh 1 cha u t 0 III a tic aIl Y t 0 0 k 1 ml of the 

pre-dlluted sample and cUluted it 500 times. 

HotiI'lt,. score. A'smaii drop of semea (about: 0.2 ml) 

was diluted ln 0.5 ml of physiological saline (0.9% NaCl), , 
~ 

placed on a plain slide snd covered wit:h a coyer glass. The 

slide ,,!as then examined under the microscope st a 

magnificatLon of 400X. A subjective est1mate o,f motile 

spermatozoa, one sample per ejsculate, was obtsin.ep 
<\ 

accordidg to thp. following scoring ltcheme: O,-ouo movement 

discerniblej 1, sllght movemen"tj 2, slugglsh movementj 3,-

vigorous movement; 4, very vig~rous movementj snd 5, 

extremely rapid formation of eddies and waves. Kotility 

score ~nd, percen~ motJlity were always assessed withln 30 

minutes of col ~ection st room temperature. 

Percellt aotl11.ty. Percent lIlotility was evaluated on 

the sàme semen sample llnd under the same microscopie 

magnification as motility score. Values from 0 to 100 'f"lth 

5% intervsls were used. with the 0 value assigned to the 

samples with no Joving spermatozoa and the 100 valu\e to 

samplès with aIl spermatozôa moving. 
\' 

Percentage qf abnor.al sper.atozoa. One drop of stain 

was added to one drop of semen 'placed st the end of a 

'. 

\ 

> • 
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microscope sl1de and lIixed thoroughly. After smear1ng using 

â coverslip, the Smear was dried on a hot plate. The . . 
a.permatozoa were atain~d uaing EOSIN-B Aniline Blue (Marini 

, } 

and Goodman 1969). No caFegot1zation for type of abnormal 

spermatozoa was done. Three hundre~spermatozoa were counted 

under the microscope (lOOOx) and the Bumber of abnormal, 

spe,rmatozoa was expressed as a percentage of th~ total 

number of spermatozoa counted. 

Total spera welght. The product of semen weight and 

packed sperm volume. 

Ru.ber of .per.ato&oa per ejac:ulate. The product of 

semen weight and numbeJ:, of spermatozoa/ml • 
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3.7 Assessaent of tes tes and secondar, ~ tra!. ta 

In experlment V, the males (hatched in 1982) were 

taken out of the cages and laid down with their head resting 

on the plane surface of a table. Next, the wattles were 

unfolded and the length and w1.dth of each wattle were 

measured with a ruler to l mm accuracy. The length of th~ 

wattle was measured frolll the base of the beak to the -'bottom 
\ 

tip of the wattle. The width of the wattle was measured 

perpend1.cular to the wattle length at the widest part. The 

spur leQ.gth was measured with a flexible ruler, to l mm 

accuracy. from the base of the spur to the end. The spur 

diameter was also, measured ,to 1 mm accul:acy with a caliper 
o 

at the base of the spur. 

In experiment: VI. prior to wattle and testes 
'" 

me as ure men t s. b 0 d Y wei gb t 0 f the mal e br e e der s ha t che d 1. n 

1982 and a sample of males hatched in 1983 was taken to the 

nearest lOg. Wattle a~d testes measurements were taken after 

the males were kl1led by asphyxlation in agas chamber. 

u sin g" C 0 2. The d e a d ID 8 l e,a. w e r e t r ans p 0 rte d t 0 the nec r 0 p s y 
i, 

-YI' 
bul1d t ng where the abdomen of the m'Iles was eut open and the 

testes remo'ved. Wattles were removed by a Cut at the base of 

the beak. Testes and wattles were weighed with accuracy to 

0.1 g. After·:'the weighing of wattles qf the 1983 hatched 

mal es, the l e n g t han d w id t h 0 f the wa t t looe s w e r e t a ken i n a 

similar way 

watt~s ~er.$! 
as for the mal~ of experiment V. except that 

measured afte r being removed from the b i rds. 

\ 
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3.8 Tests for ly.phoid 1euko8~8' virus 

AlI males from experiment l and a random sample of 

males from experimenta II and IV (Table 10) were tested 

shor'tly after collection of semen sampLe for-the presence of 

LLV in semen or for the presence of the group specifie 

antigen (gaa) in feather pulps within one month after semen 

collection and evaluation. 

In experiment l, each semen ej aculate was col1ected in 

a vial with a code numb~r written on and capped immediately. 

Contamination of the samp1es by excreta was avoi'ded. After 

coll ection the semen samples were submerged in ice water and 

delivered to the Animal Diseases Research Institute (ADRr) 

in Nep e an, 0 nt a rio. The te' 8 t for the pre sen c e 0 f the L LVi 'n 

sem e n w a s m a d'1! u sin g the p h e n 0 t Y pic . m 1 x i n g (p M) tes t 

(Okazaki ~.!l. 1975). 

In experiments II and IV, feather samples were 
il 

col l e c t e d t 0 tes t for the pre sen c e 0 f t' h e g sai n f e a the r 

pulpe In each ex periment 4-6 feathers containing live, 

vascularized feather pulp were removed from each rooster and 

plaeed in a plastic bag i~edtifièd by wingband number of the 

bird. The samples were de1ivered .to the ADRI immediately. 

The gsa in the feathers was detected by the complement 

,fixation (CF) test (Sever 1962; Sarma etaI. 1964). Both 

tests' (PM and CF) ~o detect 
... :.., 

the presences of the LLV in 

sem e n 0 r the g s.a in f e a the r pu l p s we r e k i n d l Y ma d e b y Dr. 

Spencer, from the ADRl. • 

\ 

se 
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3.9 Statiat~cal Analyais 

Data from semen samples that contained blood or faeces 

and from crippled or sick birds (pale 
, 

comb and low body 

weight) were excluded from' t:he statlstical analyses. The 

percentages of semen data excluded are glven in Appendix 

Table 2, by experiment. The statistical analyses included 

egg production and male fertility data, in addition to bemen 

characteristica, testes weight and secondary sex trait 

meas u remen t s • 

3.9.1 AnalY8~8 of variance 

Analyses of variance are used to test the slgnificance 

of sources of variation in a statistical model. However" 

the valid application of the test of signiflcance requires 

that the experimental error be Independently and normally 

distributed with a common variance. One feature of non-

normal distribution is that variance is related to the mean 

(Snedecor and Cochran 1967). To make data normally 

dis tri buted and means and variances independent, rsw data 

are normally trallsformed or a differeDt type of analysis has 

to be used. 

The departure, of the experimental data, from 

normality was test'ed by USiDg the ·Kolomogorov-Smlrnov D-

statistic. This Vrocedure tests "the null hypothesis that the 

data values are a random sample from a no-rmal distributi,?n. 

The data are tested agaiDst a Dorm'al- distribution with mean 

and variance equal to the sample mean and variance. 

The data on semen weight and percent imotillty were 
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transformed to the natural logarithm and arcsine Bcales, 

respectively. The data on total sperm weight, number of 

t...oermatozoa per ejaculate and percentage of 
J 

abnormal 

spermatozoa were transformed uslng the square root function, 

and the data on packed sperm volume (y) were transformed by, 

the following function: arcs1ne (y + 1/2)1/2. A new tests of 

normality for the transformed data indicated no departure of 

the transformed data from normality. 

The semen traits examined in each experiment and the 

statistical models wh1ch described them are presented in 

f 
Appendix Table 3 and Table Il, respectively. Block by 

ejaculate 
1 

interac.tion was not 'inc.luded in the models, 

because ln a prellminary analysis lt was non- significant 

(P)O.80) for anyof the semen traits. The effect of lymphoid 

leukosls viru'3 (LLV) on semen tr~ùts and/or fe'rtility of the 

cockerels was tested oo1'y in the control strains of 

experiments l, II and IV, because the incidence of LLV-

shedding birds in the selected strains was very low 
\ 

, \ 

(Appendlx Tables 4, and 5). The statistical models to test 

the e f f e c t 0 f L L Von sem e n t rai t san d fer t i lit Y are g ive n i n' 

Table 12. The dlfferences between the means of the levels of 

each main effect were tested by least squares procedures 

(SAS 1982). 

To test the effect of age on semen traits the data 

f rom exp e r 1 men t 8 l lIt h r 0 U g h V 1 ( 8 , 1 6, .2 0 and 2 9 m 0 I\t h sol d 

\ -\,f1&., 
ma~es. respective,~y) were combined. The number of I!la~ from 

which data were used in assessment of effects of age were 

\ 
\ 

\ 
\ 

/ 
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1 
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• Table 11. Stati~tical model. and deor ... of fre.dom for the • .men trait • 
•• ses.ad in e~ch experiment.- ' 

-----------------------------------------------------------------------

t'tar .. " 
Experimenta traits 

D~r ••• of freedam for effect. and interactions 

~--------------~--- -------------------
Ejaculat. 

Blac:k CEjollC) 
Strain 

(5) Bloc:k*S Ejac:*S , BW 

--------------- -------------------------
l 

II 

III 

IV 

V 

VI 

III-VI 

SW,PSV,TSW 
NSM,NSE,/'1S 

f"IP,PAS 
',-

3 

SW,PSV,TSW :3 
MS,MP 

SW,PSV,TSW 6 
MS,MP é e 

SW,PSV,TSW 2 

SW,PSV, T5W 1 
WatU •• 

Spurs 

SW,PSV,TSW 1 
Test! s,WatUe 
Tnth,WatU. 

SW,PSV,TSW :3 

2 

1, 

1-

1 

1 

1 

1 

2 

9 

6 
é 

6 

~ 

é 
~ 

~ 

~ 
2 

::s 

é 

24 

;sc 
3é 

12 

~ 

:5 

/~ 

4 

9 

6 

6 

::s 

~ 

::s 

1 

1 
l 

1 

l 
l 
1 

1 
1 
1 

1 

-----------------------------------------------------------• 
J. 

AlI effects were considerad to be fixed. 
BOdy weight CBW) wa. u.ed a. a continuous covariable. 
In exp.riment VI test.~ and Nattie measurements Nere taken in the 
~~l. br •• ders hatch.d in 1982 and in a randan sampl. of males natched 
in 1993. 

For-.xperim.nts III-VI black indicates age effect. 
SW-Semen Neioht; PSV-Percentaoe of packed .perm volume;T5W-Total sperm 
weight; NSM- Number ai .permatozea in a mililitreJ NSE-Number oi 
sper.m:tozo./ej.~ul.te; MS-Motility scorejMP-Motility percent; 
PAS-P rcentao. of abnormal spermatozoa. 

~ 
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Table 12. ,Statistical 
of lymphaid 
fertil i ty· 

/" 

madel and deorees of fr.edom ta t •• t 
leukasis virus (LLV) an samen traits 
(Experiments l, II and III). 

~ Degrees of freedam for effects 
~nd interaction 

the- affect 
and 

Exp. Traits 
Vear of 
hatch Strain Ejaculata LLV LLV*Strain 

Body 
weight 

1 SW,PSV,TSW 1979 
NSM,NSE,MS 1980 
HP, PAS 

II sW,PSV,TSW 1980 
MS,MP 

F"rti li ty 1980 
Hatchability 

IV SW,PSV,T8W 1982 

Fertility 1982 
Hatchability 

2 

2 

2 

~ 2 

2 
2 

1 

1 -,'-' 

1 
. 1 

1 

1 

1 

1 

2 1 

.. 
2 

2 1 

2 

• Test of LLV effect on semen traits and fertility was done only in 
the control strains,because of the low incidence of LLV-shedders in 
the selectad strains. AlI effects were cansidered ta be fixed. Body 
weight was used as a continuous covariable. 

SW=Semen weight;PSV=Percentage of packed sperm volume;TSW=Total sperm 
weight; NSH=Number of spermatozoa in a mililitre of semen; NSE= Number 
of spermatozoa/ejaculate; MS=Motility score; NP= Percent motility. 
PAS= Percentage of abnormal spermatozoa. 
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23,18 and 58 for stralns 1,3 and S, respectively, and 66, 

28 and 22 for .strains 7, 8 and 9, respectlvely. The 

statistical model which described the semen traits examined 

in this study !ncluded the fixed effects of age, ejaculate 

B e que n'c e. s t rai n ,ln ter a c t ion san d b 0 d Y VI e i g h tas a 

co~tinuous c9variate (see bottom of Table 11). In adddition, 

the regression lines of semen traits on age of the males 

were compared as deseripted by Snedecor and Cochran (1967). 

The statistieal model used was 

Yij '" a + bX ij + eij 

where: Yij denotes the Ij-th observation of aoy semen trait 

1 n the i - th s't rai n; a and b den 0 t eth e in ter cep tan d s lo p e 

of the regrëssion lines in tAe i-th Btra'in, respectively; 

Xij Is the age of the males in the i-th strain; and e ij i5 
, 

the residu,al error,_ term (0, s2). 

Strain differences in wattle and spur slzes and/or 

wattle and testes weights in addition to semen traits" were 

tested in experiments V and VI. The statisUeal models which 

described those traits are presented in Table 11. 

" 

3.9.2 Gh~-8quare te$t8 

Differences in the frequency of LLV-shedding birds and 

in the frequency of birds expressing the group specifie 

a n t i g e n ( g sa) i n f e a the :r; p u 1 psi 'n sel e ete dan d con t r 0 l 

" strains were tested by chi-square tests. The chi-s'quare test 

~ 
is used in data classified in two classes, e.g., "dead" or 

"live", or "present" or "absent" and it tests the null 

hypothesis that there are no differences in the true 

1 • 

t. 
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proportions of a class between two or more populations 

(Steel and Torrie 1980). 

3.9.3 Esti..ation of ,Ivariance co.ponents and beritabilJ.ty 

Heritabilities of semen weight, packed sperm volume 

and total sperm weight were estimated based on the first or 

the mean of two semen ejaculates from the ma}es of 

-e x-p e ri men t II 1. He rit ab i lit i es 0 f sem e n t rai t s w e r e 

estimated by intraclass correl'ation methods. Heritabilities 

of wattle and testes weights were estimated by regression 

methods. Heritability of body weight was estimated by 

intraclass and regression methods. "The raw data on semen 

traits (not the transformed data) were used, because the 

asumption of normality ls not requlred ta estiwate 

components of variance (Steel and TOrJ~ie 1980). 

3.9.3.1 Intraclas8 correlation .ethod 

In the selected strains of experiment III, semen data 

were collected from the proge..:.! of 28 sires/strain, each 

sire mated ta 4 dams and each dam contrlbuting three sons. 

Therefore, it was possible to estlmate sire, dam and f~­

sibs components of variance from a hlerarchal design. ,Thé 

statlstica'l model used was 

where: Yijkl ls the Ijkl-th observation' of semen welght, 

packed sperm volume, total sperm weight or body weight; M ia 

the population mean; Li is the fixed effect of the i-th 
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strain (1- 1.2.3 and 4); Sij is the random effect of the j-

th sire within the i-th strain, aSl.lmmed to be independently 

distributed (O,s2~) (j-l, 2, ••• 112); Dijk is the randam 

effect of the k-th dam within the j-th sire and i-th strain, 

" \ 2 aaummed to be independently distributed (O,s d) (1-1, 2, ••• 

336); Wijkl ls the ,residual term, associated with ,the ijkl­

t h 0 b s e r v. a t ion, a s umm e d t 0 b e i n d e pen den t l Y dis tri but e d 

~ The analyses of variance and the expected mean squares 

for the above model are presented in Appendix Table 6. , , 

Eqùating the appropiate mean squares to their expectatians 

provides the variance component estimates. The coefficients 

of the components of variance were calculated accarding to 

Becker (975). 
• 

For each trait the total phenotypic variance a 2 was , p 

estimated as: 

s 2 _ s 2 + s 2d + s 2 
p 8 W 

where: s2s Is the observed sire component of variance. Sire 

families consist of half-sibe, so. s2s ls the covariance of 

half-sibs. s2d iB the observed dam component of variance. 

Dam families consiat of full-sibB, sa B 2
d is the covaF,iance 

~ 

of full-slbB minus the covarfance of half sibs, becau5e the 

sire effect ia remO'ITed in the anâlysis of variance. 52 is w 

the resldual component of variance. s2 Is the total w 

variance minus the covarianc'e of full-sibe. The génet"ic and 

environ~e9ltal interpretation of the compouents of variance " 

ia presented in Appendix Table'7. 

(. 

l, 
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In the control atrains, semen traits and body we~.ght 

were measured from individuals that were the progeny of 80 

sires, each sire mated ta one dam. ~ach dam contributed two 

sons. Thus it was possible ta estimate anly full-sib 

components of variance. The statistical model used was 

Jj 

wh e r e: y. 'k- is 1J the ijk-th ob2ervation of semen weight, 

packed 8perm volume, total sperm weight: or body weight; M is 

'the population mean; Li is the fixed effect of the i-th 

strain Ci:l, 2 and J ); G" is the random effect of the j-th lJ 
f u 1 1- si b f am i 1 Y "j = l, 2, ••• 240) w il h 'i n t ~ e i - t h a t rai n , 

c 

.- asummed ta be independently distributed ",{'o,S2g); ~ijk ~s the 

random res idual term, associa ted wi t li the ijk-t h obse r v ation, 

& . . 
asummed ta be independently dist.ributed' (0,s2'1/)' 

ThE' analysis of variance and the expected, mean squares 

ri 
for this analysis are given in Appendix Table B. For each 

trai t the pheno t ypic variance (s2p) was; estimate3 

s 2 = s2 + 8 2 ~. 
'p 9 w 

where: 8 2
g iS the observed genetic group 

It consists of full-sib familie~, 80 

covariance of full-sibs. s2w is the residual component of 

variance and was obtaine~,r as s2p - S2g. The genetic and 

er'lvironmental int/rpretatlon of the' components of 

ia given in Appendix'Table 7. 

variance 

The he r. i t. Jb Ü i t Y e 9 t i mat e s a f a e men t rait san d b 0 d y r 
\ -

weight were cSllculated, ln the gelected strains, as: 

1 ) 
452 

s/92 
p 

1 

\ 
\ ' , / 

- ~-----
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No correction was made for parental relationsh;fp; to 

allow comparis6n of\the results of this study ~~h ot,her 

reports in the literature, where no correction for parental 

relationship wa5 made (Pingel and Schubert 1983{ Ansah et al. i __ 

l 984 b). The s tan d a rd e r r 0 rC s . E. ) 0 f .. ~ the ' h e pli ta b i li t i e s wa s 
- ri- ,,# 

estimatect using Dickerson's approximation/(8ecket- 1975). 

l) S. E. ( h 2 ) = 4 (Var s 2 ) 1/2 / s 2 
sa, p 

2) S. E. ( h 2 d) = 4 (Var s ~ d' ) l /2 / a"2 ' 
\ 1 P 

~ , t () 

3) s. E. ( h 2 s + d) = 2 ( V -a r s 2 s + Var s. 2 d' +2 Co v ( s 2 s' s 2 d» l /2 '/ s 2 p 

The proportion of the total variance due to maternaI 

plus '1/4 of the dominance effects (m) wes estimated as (s2 d-

s2~)/s2p' The propor.tion o~ total variance- due to· random 

• 
environmental vari.ance plus 3/4 of the dominance variance 

(e 2) was estimated a~ ~s2w-2s2s)/s2p. 

----T.he heritability estimates-of sem.en traits and body 
~ 

t 
weight were calculated, in the control str;j"~s-;r._.a'S: 

r , 

wher e: 

h2: 2s 2 g/S2p 

52 is the observ.ed full sib "variance component .. and 
9 

a 2 ia the phen~typic variance. p 

~'" The" standard error (S.E.) of the heritability wa~ 

estimated aa (Becker 1975): 

S, E. 
k(k :. 1) (s -1) 

where: t ia the intraclas'5 correlation, estimoted- as 

.' 

1 
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8 2 IS2 o- k is equa1 to ( N - & n2i/N )/(8-1); N is the tata l 9 p' • "J 

numbe'r of individuals; ni is the number of individu.al~ 

w i th in the i-th mating; and 8 is the number of sires. 

3.9. J. 2 Regression .ethod 

Jhe estimates of heritability of wattle, testes and 

body wejghts were computed in the control and 8e1ected 

strains, from the data of experiments V and VI, using 

m u l t i var La 't e a n a lys i s 0 f var i an c e ( 5 A ~ 19 a 2 ). The 

statistica1 mode1 for the above traits corrected for age 

differences of parents (29 monthe of age) and offe-pring (14 

months of age) was 

where: Yijk is the ijk-th observations of wattle, testes or 

body weights messured on sire or son; M is the population 

me an; Ai i s the fi x e d e f,~ ~ c t 0 f the i - th age (i = l, 2); L j i s 

the fixed effect of the J-th strain; AL ij is, the interaction 

, ( 2 ) of age by strain; e~j k is the random error term 0, s • 

The residual sum of squares and crossproducts from the 

above model were used to estimate the regression (b) of 

offspring on parent as: 

b= RCP/SSP 

where: RCP is the residual crossproduct of sire - .offspring 

and SSP is the sum of squares of sires. 

Heritability was estimated using the regression 

coefficient multiplied by the inverse of the coefficient·of 
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relationship (a), 

h2= lia Cb) = lia (spo!s2p ) 

where~,spo IS the covariance of sire-son and s2p is the sire 

variance. When parents are unrelated, the regression of 

offspring· on parent estimates 1/2 of the additive variance 

pl'us 1/4 of the additive by additive v-ariance; hence, the 

heritability can be estimated as twice the regression 

coefficient. However, when parents' are re1ated, the 

coefficient of re1ati'onship is not 1/2 and new coeffIcients 

shoufd be estimated. 

In this study, the coefficients of re1ationship were 

calcu1ated as twice the coefficients of coancestry, 

(Falconer 1981). ,he coefficient of coancestry is defined as 

the probability that a random gene from an indiVidu~X is 

identical by descendent with a random gene from an 

individua1 Y (Kempthorne 1973). The coefficient of 

coancestry (F) for two' full-sibs is f XY = 1/4 (fAA + f SB + 

2f AS )<and for parent-offspring f AX =1/2(f AA + f AB ); where: 

f AA ' f BB and f AB are the ·coefficients of coancestry of each 

sire with himself, each dam with 'herself and between sires 

and dams, respectively. 

The coefficients of coancestry for each sire with 

, " 
himse1f, between sire and dam breeders and for each dam with 

herse1f were made available by Ors. Gowe and Fairfu11 from 

the ARC. Pedigree information was a1ways recorded for each 

male of aIl strains since theu origin, except for strain 5 

males which started as a pedigreed population in 1959 (Gowe 
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and Fairfull 1980). 

The standard error (S.E.) of heritability was 

estimated as the reciprocal of the coefficient of 
• 

re!ationship (lIa) times the st~ndard error of the 

\ 
regression coeff icient. 

S.E. 1/ aS. E • ( b >,,- ( 4 ( s 2 / 82. _ b 2 ) / d f ) 1 /2 o p 

wheJ;'e:' s2 and 8 2 are the offspring and site variances, ,op 

respectlvelYj and df denote8 the degrees of freedom. 

3.9.4 !stf..ation of repeatabf.lity 

Repeatability estimates of semen weight, packed sperm 

vol ume and total sperm weight were based on the corre lation -" 
of two measurements of above traits made in the same rooster 

ln two consecutive days. The statlstical model used was, 

Ylj - M + ai + e ij 

where: Yij is the j-th record on'the i-th rooster;: M isthe 

pop u lat ion me an; al i s the" e f f e c t 0 f the i - t h r 00 ste r , 

aS8umed to be independently distributed (0,8 2:>; ~ij is the 

random environmental effe,ct as'sociated with the j-th record 

on the i-th rooster(o,.s2 e ). 

Repeatability (r) was estimated as: 

wherej s12 is the covariance of first and second record~; 

and s21 and ~22 are the variances for the first and second 

records, respecti velYe 

3.9.5 Pbenotypf.c corre1atlon~ a.oog .ale craits 

The partial correlation coefficients amo.lg semen 

", 

r 
," 
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tr"dts, /lnd between semen traits and testes," wattle and spur 

measurements were calculated using the residual sum of 

squares and crossproducts of the statistical modela given in 

Ta b l e Il • In cal cul a tin g t he co r rel a t 10 n S 0 f b 0 d Y wei g h,t 

w 1 th ab 0 v e mal e t r a 1 t 8 , the e f f e c tr 0 f b 0 d Y wei g h t wa s 

dropped from the statistical model8>. 

Th~~ correlation coefficlents were calculated as: 

r-
RCPx _________ l ___ :.._ 

(RSS x RSSy) 1/2 

where: RCP xy ls the residual croBs-product of traits x a~d y; 

and RSS x and RSS y are the residual eum of squares for traits 

x and y. 

3.9.6 Genetie correlations aaong aale traits 

Gen"lre't1:: correlatlo~s among semen traiteS were est1mated 

based on the me an of two semen ejaculates collected in two 

consecutive days. The cqmponents of varlance and covariance 

we r e est i mat e d, i n the sel e ete dan d con t roI s t r al n .. , f rom 

the hierarchal and single mating designs, used to estimate 

heritabilities (sectlon 3.9.3.1). 

The analyses of covariance with the expected mean 

crossproducts, for the hlerarchal and single mating designs 

are g -i ven 1 n A p pen d 1 x Ta b 1 e s 9 and 1 O. Ali k eth e est 1 mat e s 

of heritability, equating the appropiate mean crossproducts 

to their expectations provide the covariance component 

estimates (Becker 1975). The genetic and environmental 

interpretation of the components of covariance 15 presented 

" 
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. '~ 
in Appendix Tabl e 11. 

\ In the sel e ete d st rai n s g en et i c, were 

'--,. es_tim'ated based on !,lire (r gs ) and sire plus 
"----. 1 

camponents of variances and covariances as: 
/ . 

where: ss(xy) and Sd{xy) are the sire ano<! dam componen 

covariance; and s2s and s2d aré the sire-and dam campon nts 

of varianée for traits x "r y. 

In the con t roI s t rai n s. the g e net i c oC 0 r rel a t ion s 

were estlmated as: 

/( 2 2 ) 1/2 rg_ Sfs(xy) s fs(x) S fs(y) 

where: sfs(xy) ia the covariance of full-sibB; 

the full-s:1,b variance component of trait xi and 

the full-9ib variance compone nt of trait y. 

2 
S fs(x) 

s2 fs (y) is 

3.9.7 Genetie corre1atioD8 betveen sex 1i.ited trai ta 

Ge n (! tic cor rel a t ion SI b e t w e e n mal e sem en t r a l,.t s ,a n d 

female egg production and other related traita were 

estimated only wlth the 1ata of experlments: III and IV; 

because of the large population of males uBed in thése 

expe riments. 

In the selected strains (Experiment III). genetic 

correlations were eBtimated by intraclass correlation 

methods. using dam family means as the ,?bservational unit. 

ln the control strains of experiment III and in the control 

and selected strains of experiment IV. genetic correlations 

1 

1 

1 
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w~re(eBtimated by regression methoda, ùsing individual or 
., 

famil~$means as the observational unit. 

Intraclaa$ correlation ~ethod 

~ The statlstical model 

corre~tions for the selected 

used to eatfmate the genetic 

s t'r ains in eipe riment III was: 

where: Yijk 19 the ijk-th observation, b~,sed on dam family 

means, of the dependent variable; M is the population mean; 

" Li is the fixed effect of the i-th strain; S(L)ij ia the 

random effect of the j-th eire within the i-th strain 'and 

d ijk la the eoffect of'dam family means within sire within 

"strain. 

The form of the analysis of variance and the expected 

mean squares based on the model for a full-8ib family mean 

CAppendix Table 12) wes given by Kinney and Shoffner (1965). 

Estimates of sire and dam componènts of variance and 
--' 

covariance"are obtained 'by equating the observed mean 

squares to thei.r I.'xpectations and Bolviug the resu'lting 

equation. 

The formula used to estlmate the genetic correlations 

based on family means 'erG) was: 

r G - IBs(mf) /(s2 8 (m) 

whefe: s s (m f) den 0 tes the sir e c o,m po n eut' 0 f covariance of 
, 

mal e (m) and f e ma l'e (f) t 1 ait s; s 2 B (tI1) den 0 t e B the sir e 

compone nt of variance of the male trait; and s2 s (f) denotes 

the sire component of variance of the female trait,. 
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J. 9. 7.2 Regression .ethod ' 

An orIginal approach was developed and used ta 

estimate the genetic c,orrelatlons between sex limited traits 

from the correlations of offsprihg and _parent and full­

sibs. The statistical models for the mu'ltivariate analyses 

Included the population mean, the fixed effect of strain, 

and the error term. 

. The genetic bas e d .0 n i n d l V i d ua l 

observations, between semer\! traits measured on males and egg 

production and other traits measured on the"ir female full-

sibs or dams can be estim'ated (See, appendix 1) as: 

r g = ri / (s' hm h f) 

The genebc correlation (rG)' based on dam famlly 

means, between male (m) and female (f) traits is glyen by 

the following forin~,~(~e 'appendix 1): 

rx O+(n -l)t m ln) (l+(m -l)tf lm). 
r G = ------- ----- - - ----- - ---- - ------- ----..:-::-

a hm h f 

where: ~i and rx are the" phenotypic" correlabons of mà'le 

and female traits 7 based on indiv idual and f'amily mean 

observations, respectivelYi n and m are the av'erage n~mber 

of relatives (males and females) peI' family; tm and tf are 

the Intraclass correlations of male and fema-T'e traits; and 

hm and h f are the square roots of the herltabilities of 

male and female traits, respectively. 

To estimate the genetic correl ations between male and 

female sex limited traits, the values of the heritabiiitles 

" 
of semen traits used were those obtained in the control and 

'} 



\
,. 
" 

78 
7 

of gemen trait9 uged were thoge obtainéd in the control and 

selected stratns (sire plus dam cOlllponents) of ex periment 
'~'r 

III. The heritabilities used for the fema,le traits were the 

means of the heritabi1ity values reported by Gowe et al. 

e 1 9 7 3 ). W he n no" e s 't i mat e soi f e m a ~ e t rai t 9 W e r e a val l,a b le, 0 

the th e ans 0 f the h e r 1 t a b i 1 i t l'e s r e p 0 rte d b Y Kin n e y (1 9 6 9 ) 

were used (Ta'ble 1). 

A simi l ar app roach was used to , estima te the genetic 
<, /" 

correlations of wattle and te9tes weight9 with egg 

product{on and other r,elated traits. To est,imate the genetie 

correlations of wattle length, width and index the 

he rit a b 1 1 i t Y 0 f the s\e t rai t s wa s aB S ume d t 0 b e Bi mil art 0 

t hat of watt l e weight. 



79 

IV RESULTS 

The results of this study are organized into eigth 

main sections dealing wit.h: the effect of lymphold leukosi,s 

virus on, aemen tr-aits and fertility. the e'ffects of age and 

ejaculate sequence on semen traits, the influence of 

~ 
selection for high egg product!on on male traits, the 

heritability and repeatability estimates of- male traits, 

ph en 0 t Y P :1. c and g e net i c cor rel a t ion sam 0 Il g . 'm ale t rai t san d 

genetic correlations between male and female traits. The 

table's of the snalys'es of variance showing the si$nificance, 

Bources of variation. coefficients of variation (CV) and 

determination (r 2 ) are given in Appendix II. The tables of 

least squares mean estimates showing the significance of 

differences among the levels of the main effects of interest 

are presented ln the main texte 

4.1 Prequency!! lyaphoid leukosis virus infection 
and its effect onose.en traits and aale fertility 

4.1.-1-c:tstency and' f ... ~n<y of l,..~ho<d 
leultouis virus infe\tlon 

The tes ~ s for L LVi n sem e n a /0, d gr 0 u p s p ~ c v 1 raI __ ' . 

an t i g e n in f e a the r pu l P s we r e con duc t e don t \ e mal e S 0 f >, 
, " 

experiments l and II (males hatched in 1980). Only' ln 8 

males (4.4%) out of 182 males tested dld the results of the 

phenotypic mixing test (PM) differ· from ,the complement 

fixation test (CF). In 5 instances, males tested positive 

with PM tested negative with CF while 'in 3 instances males 

negative with PM were positive with CF. 

\ 
l 
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_ The results of the incidence of LLV infectioh between 
\ 

" the control aud 'g'e}ected strains are shawn i;.n Tables 13 and; 
" 

1 4. The con t roI 8 t r ~l,p s h li dIS t 0 3 0 % h ~ g h e r i n cid e n c e 0 f 
, "-

'-, 

LLV-shedders than the sel~cted strains (P.<ci.05). 
""\: ___ 

" l" 

Effect of lym.phoid\,leultos1.s vi'rus infection 
on se.en t'raits and fertility ",0 

, ,\ 

4.1.2~.1 Effect of lYllphoid leukosiB virus 
infection; on se.en tra1.tls !-

, ' , 

The results of the analyses of variance for the effect 

of LLV status on semen traits are shown in Appendix Tables 

13 to 16 by expe rime nt. The 1 eas t squa res me an es t :î:ma te s f o,r' 

LLV-shedders and nonshedders are coshQwn in Tables 15 t,Q' 17. , , 

Lymphoid leukosis infection did not affect (P)0.05) :,' 
, ' 

semen weight (Tables 15a, 16a and 17), ma"til1ty SoC 0. i:: e _0 r" '. 
1)\1 

percent motility (Tables 15b and 16b). LLV-shedders, had 
) y ,~ 

" 

higher packed sperm volume and total sperm weight mean,s_ tha~ 

LLV-nonshedder's, however, only the differences in 'exper1meqt 

Il were significant (Tables 15a, 16a and 17). Similarly for 

the fumber of spermatozoa/ml and per ejaculate. LLV-shedders 

prodlced more spermatozoa than LLV-nonshedders. ~owever, 

only the differances for the 23 month old roosters were 
" 

si~nificant (Tables 15a,b and 16a,b). Lymphoid leukosis 

infection increased the incidence of abnormal spermatozoa 

(+2.9%) of the 23 month oId, roosters (Table 15b)j however, it 

did not affect (p)o.Osr the incidence of abnormal 

spermatozoa of the 10 month old roosters (Tablj! 16b,). 
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. ... 
rclbl~ 1";. Companson bY~cVOili of hatch of the tr-equency of 

males sheddl'Hg lymphoid leukos15 Vlrus <LLV) lnto 
semen of control and selected stralns 
(Expenment 1) ... 

----------------------------------:-----ï--------------------
Year of hatch (Age in months) 

/ 
Type 

of 
straln 

1979 C23 Mo.) 

, 
Number % LLV ChI 
tested shedders square 

1 980 ( 10 t10.) 

Number "1. LL V Ch l 
tested shedders square 

- ---.... -----.--------------- - ------------------------ - ----- ----

CONTROL 69 34.8 391 35.9 

11.06** 

SELECTED 54 14.8 40 5.0 

'> 

------------------------------------------------------------
Cent roI strain 7 AJ1d sel ec:ted strains 8 and 9; 

* P<O.05, ** P<O.01 
\ 

',,." 
Table 14. Comparison of the frequen~y of males sheddlng the 

lymphoid leukosisgreup spec:,if(c viral antigen (LLV) 
ln feather pul'ps of selec1téd 'and control str al ns 
(Expenments Il "and IV)'" 

---------------------------------------------------------- ---

Type 
of 

strain 

Experlment II 

Numb.r 7. LLV Chi 
t."ted Sheddars !Square 

• 
f >:! ' ..... , 

E~perlment IV 

------------------------'r ',~\ . 
Nt,tmosr 'l. LL V Ch l 
tested Shedders square 

---------------------------,..----------------------------------
CONTROL 206 24.3 221 IB.l 

35.6** 27.8** 

SELECTED 155 233 3.0 
, ------------------------------7------------------------------

... Strains used in experiment l'1: 1,2,3,4,5,7.,8,9 and 10. 
Strains'used in sxperiment IV: 1,3,5,7,8,9 and 10. 

* P<O.05 ** P<O.Ol 
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Table 15a. Least squares mea~ estimates and standard errors of semen traits (transformed and 
and 'untrAn5~armed) measured an 23 man th ald raosters o~ central strain 7 
<Experi-ment 1; 1979 hatch). 

--------------------------------------------------------------~-----------------------------

Lymphoid 
leu~shi 
statu. 

NON­
'SHEDDERS 

SHEDDERS 

n 1 

86 

41 

Sem en waight 

In(mg) mg 

~.49:!:O.03a 242.7 

5.49~0.05a 241.8 , 

~ 

Packad sperm volume Total sperm weight 

-------------------arcsine~ . X ~ mg 

o. S9:!:O.004a 10.1 4.94:!:O.15a 26.3 

9,. 89!0.006a 10.8 5. 17tO.22a 28.6 

1 n 
a,b 

1 
Denotes th~ number of observations ~or LLV-shedders and nonshedders. 
Column maans with no latter in common are differant (P<O.OS). 

-... 

,r. 
''(l'I 

~ 

'. 

Number a~ 
spermatozoa 

per ml. 
(x lO"'r) 

2.20:t0.l0a 

2.71+0.15b 

CD 
1"\) 
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Tabl. ISb. L ••• t .quar.. ..an •• ti.at •• 
untran.for •• d) .... ur.d an 
(Experiaent Il 1979 hatch). 

and 
23 

.tand.rd errer. o~ ••• an trAit. (tran.~er •• d and 
.cnth old roost.rs of control .tr.in 7 

. ----------------------------------------------------------------------------------------------------
LyaphDid 
1.üko.1. 
statua n 1 

Nu~.r of .per •• tozo& 
pllr .jac:ulat. 

r-' he 10"') 
l''Iat11ity 
acor. 

o 

Parc:.n~c.otility > 

------~~--------
Abn.er.~l .p.r.atoz oa 

.rcsin. x n' ,J" x 
--------------------------------------------------------------------------------------------------
NON­
SHEDDERS 

SHEDDERS 

86 

41 

22.8'.!:.0.73& 
\ 

25.S±l.06b 

0.:57 4. 20"!:0. 06& 

0.,.71 4. 02±O.oaa 

" r 

0.B6±0.013. 7:5.5 7S O. 24f.O. OOSa 6.1 
~ 

O.S4±O.OIS. 74.8 34 O.2~O.OI2b 0 9.0 

------------------------------------------------------------~------------------------------------­o 

1 n DenDtes the nu.ber of observations for LLV-shedders and nonshedders • 
. a,b Colu', m •• n. with no l.tter 1n c~mon are di~~.r.nt (p<o.os,. ' 

~ 

-..J1 ~,. ... '. 
~ 

;;, 

:>. 
1 

,/ 
\ 

"" 
~ 
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, . 
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\ 

~ 
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Table Ica. Least squares mean estimates and standard ~rrorg of sem en traits Ctransformed and 
untransformed) measured on 10 month old roosters cf control strain 7 
CEHperimant [; 1~80 hatch). 

--------------------------------------------------------------------------------------------
Lymphoid 
leukosis 
status n S 

Seman weight 

• ln (mg) mg 

# ~ ~}, ..... 

Packed sperm volume 

arcsine~ 7. 

Total sperm weight 

mg 

Number of 
spermatozoil. 

per ml. 
(x 10·) 

----------------------------------------------------------------------------------------~---
NON­
SHEDDERS 

SHEDDERS 

71 5 ... 89±.O.04a 

41 5. 84±O. OSa 

359.6 0.94±.O.006a 

343.~ O.9S±O.008a 

15.6 7.53:!:0~20a 59.4 3. 16:!:O. IOa 

1.6.2 7.S0±O.27a 58.9 3.50±O.14a 

~ --------------------------------------------------------------------------------------------
1 n Denotes the number of observations for LLV-shedders and nonshedders. 
a,b Column means with no letter in common are different (P<O.OS). ' 

f~ 

<il. 
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Table 16b. Least squares mean estimates 
untransformed) measure~ on 
(Experiment 1; 1980 hatch). 

~nd standard errors of 
10 month cld rcosters 

semen traits <transformed and 
of control strain 7 

Lymphcid 
laukosis 
status 

, 

n 1 

Number of spermatozoa 
par eJaculate 

()( 10"') 
Hotility 
score 

" 
Percent moti li ty Abnormal spermBtozoa 

arcsine y. n 1 r-' 7. 

-------------------------------~------------------------------------------------------------------

NON-:­
SHEDDERS 

SHEDDERS 

71 

38 

33.9±0.82a 

34.8±1.11a 

1.19 

1.26 

4.37±0.06a 

4. 21±O"08a 

O.91±0.OI3a 

O.89±O.018a 

79.0 

77.9 

70 

38 

0.30±O.013a 10.2 

O.28±0.017a 9.0 

-----------------------------------------------------~-------------------------------------------

1 n Denotes the number of observations for LLV-shedders and nonshedders. 
a,b Column mean. with no letter in common are different (P<O.OS). 

'-
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Table 17. L.a.t squares mean estimates and standard errors of 
(Tranaformed and untran.~ormed) measured on roosters 
atrains 5, 7 and 10 (Experimente II and IV) 

semen traits 
of control 

-----------------------------------------------------------------------------­~ 

LYlllphoid 
leukosis 
sta'l:us 

NON-
SHEDDERS 

SHEDDERS 

NON-
SHEDDERS 

SHEDDERS 

n 1 

289 

89 

299 

108 

Semen weight 
Paqklld 6perm 

volume 

ln(mg) mg arcsiner X-

EXPERIHENT II 

5. 99±0.02a 383.4 o. 92±0.002a 13.1 

,6. 05:!:0. 04a 411.6 o. 94:!:0.004b 14.9 

EXPERIMENT IV 

5.91±0.Ola 370.4 o. 94±0.002a 14.9 

5. 96:!:O.03a 387.9 o. 96:!:O.004a 15.3 

Total 6perm , 
weight .~ 

r-' mg 

7. 11±0. 09a 53.1 

7.85±O.17b 64.1 

7.44±0.OBa 57.3 

7.67±O.19a 60.7 

---------------------------------------------------~--------------------------

1 n Denotes the number of observations for LLV-shedders and nonshedders 
a,b Column m.ana with no letter in comman are different (P<O.OS). 

s 

co 
0'1 



4.1.2.2 Effect of lyaphoid leukosis virus 
infection on fertility 

87 

The results of the analyses of varian-ce to test the 

effect of LLV status on fertility and hatchability and the 

least squares means for LLV-shedders and nonshedders are 

presented in Appendix Table 17 and Table 18. respectively. 

Lymphoid leukosis infection decreased fertility by 

3.6% in experiment IV; however, it aid not affect fertility 

in experiment II (Table 18). Lymphoid leukbsis infection did 

not affect hatchability in experiment Il or in experiment IV 

(Table 18). 

4.2 Effect ~ ~ ~ se_en traits 

The results of the analyses of variance for the effect 

of age on semen traits are shown in Appendix Tables 18 and 

19. The absence of a significant age by strain interaction 

suggests that the effect of agl7 on semer production was 

similar in aIl strains tested. 

Semen weight, packed sperm volume and total sperm 

weight tended to decline with advancing age (Figures 2 and 

3). Selected strain 1 tended to have greater semen weight, 

packed sperm volume and ,total sperm weight than strains 5 

and 3 at aIl ages. Strain 5, on the other hand, appeared to 

have greater semen weight and to'tal sper'm weight than strain 

3. Unselected control strain 7 tended tQ have higher semen 

and sperm production at aIl ages than selected strains 8 and 

9. There was no difference in the slope of the regression 

lines of semen traits on age in strains l, 3 and 5 or in 

strains 7.8 and 9 (Tables 19 to 24). However, these tables 
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Table 18. Least squares me an 
of fertility and 
untransformed) of 

(Experiments II 

88 

estimates and standard errors 
hatchability <transformed and 
control strains 5, 7 and 10 
and IV). 

------------------------------------------------------------~-

Lymphoid 
1 eukosi s 
status 

Ferti li ty Hatchability 

----------~~----( arcsine arcsine 

EXPERIMENT II 

NON-
SHEDDERS 143 1. 14:tO.02a 90.9 o. 94:t0.02a 80.8 

SHEDDERS 46 1 •. 11:t0 • 03a 89.1 O. 97:t0. 03a 82.5 

EXPERIMENT IV 

NON-
SHEDDERS 180 1 • 20:t0 • 01 b 93.1 0.98:tO. 0 2a 83.1 

SHEDDERS 40 1. 11:t0.03a 89.5 0.99:t0 • 03a 83.8 

a n Denotes the number of observations for LLV-shedders and 
nonshedders. 

a,b Column means with no letter in common are 
significantly different (P<O.OS). 

r 
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Table 19. ComRarison of_regression lines of semén weight on age for strains 1, 3 and 5. 

d.f. 

Sum of 
squares 
of .oe 

Cross­
product 

Sum of 
squares DT 

semen weight 
Regression 
coefficient 

Deviations from regression 

d.f. 
Sum of 

squares 
Hean 

squares 

-----------------------------------------------------------------------------------------------
Within 

Strain 1 94 1.2290 -7.3919 10610.30 -6.0 93 10565.80 113.6108 
Strain 3 74 1.2533 -17.1596 7882.97 -13.7 73 7048.03 104.7675 
Strain S 241 1.2126 -13.2798 9419.22 -10.9 240 9273.79 38.6408 

406 27487.62 67.7035 
Pooled 409 3.6939 -37.8313 27912.49 '-10.2 408 27525.04 67.4633 

Difference of slopes 2 37.42 18.7102 
Comparison of slopes F2 .40b; 18.7102/67.7035= 0.2764 ns 

~', 
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Table 20. Comparison o,f regression lines of packed sperm volume on age for strains 1, 3 and 5. 

d.f. 

Sum of 
squares 
of age 

Cross­
-pr"oduct 

Sum of 
squares of 

packed sperm 
volume 

Regression 
coefficient 

Deviations from regression 

d.f. 
Sum of 

squares 

Mean 
squares 
he 10-1:$) 

---------------------------------~-------------------------------------------------------------

Within 
Strain 1 94 1.2280 -0.0120 0.00182 -0.01 . 93 0.00171 1.8317 
Strain 3 74 1.2533 -0.0132 0.00105 -0.01 73 0.00091 1.2479 
Strain 5 241 1. 2126 -0.0077 0.00168 -0.006 240 0.00163 0.6796 

406 0.00424 1.0448 
Pooled 409 3.6939 -0.0329 0.00455 -0.009 408 0.00426 1.044~ 

Difference of slopes 2 0 .. 00002 10.0000 
Compar~ :ln of slopes F2.40~= 10.0xl0-e/l.0448xl0-~= 9.57 ns 

-

------------------------------------------------------------------------------------------------

1.0 
N 



Table 21. Comparison of regression lines of total sperm weight on age for strains 1, 3 and 5. 

Within 
Strain 1 
Strain 3 
Strain 5 

Pooled 

d.f. 

94 
74 

241 

409 

Sum of 
squares 
of age 

1.2280 
1.2533 
1.2126 

3.6939 

Cross­
produc:t 

-6.1170 
-5.8819 
-5.0036 

-17.0025 

Sum of 
squares of 

total sperm 
weight 

516.566 
292.502 
479.430 

1288.498 

Difference of slopes 
Comparison of slopes 

Deviations from regression 

Regression 
coefficient 

-5.0 
-4.7 
-4.~ 

-4.6 

d.f. 

93 
73 

240 
406 
408 

2 

Sum of 
squares 

486.096 
264.898 
45f;i.783 

1209.777 
1210.238 

0.461 
F~~~eè= 0.2307/2.9797= 0.08 ns 

Hean 
squares 

5.2268 
3.6287 
1.9116 
2.9797 
2.9663 

0.2307 

'. 
lD 
W 
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Table 22. Comparison of regression l~nes of semen weight on age for strains 7, 8 and 9. 

-----------------------------------------------------------------------------------------------

d.f. 

Within 
Strain 7 276 
Strain 8 109 
St.rain 9 87 

Pooled 472 

Sum of 
squares 
of age 

1.2433 
1.2611 
1.2367 

3.7411 

Cross­
product 

-17.9895 
-12.1987 
- 4.8495 

-35.0377 

Sum of 
squares of 

sem en weight 

135Ei6.70 
6514.83 

13116.10 

27912.49 

Regression 
coefficient 

-14.5 
- 9.7 
- 3.9 

- 9.4 

Difference of slopes 

Deviations from regression 

~--------S~;-~f~------H;;~--

d.f. squàres squares 

275 13326.41 48.4597 
108 6396.83 59.2299 
86 13097.08 152.2917 .' 3282Q.32 469 6~.9794 

471 32889.48 69.8290 

2 69 .. 16 
'\ 

34.5800 
Comparison of slopes F~~~è~; 34.58/69.94974 = 0.49 ns 

---------------------------------------~---~----------------------------------------------------

~-
--~--- -r -----
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Tabla 23. CompArison of ragrsssion line_ of p.cksd sperm volume onrage for .trains 7, Band 9. 
, , v 

---------------------~---------------------------------------------------------~---------------

d.f. 

Sum of 
.quarsa 
of tage 

Cross­
product 

Su", of, 
squares of 

pAcked sperlll 
volume 

Regression 
coefficient 

Deviations from ragrea.ion 

----------------------------Hean 
Sum of s~uare5 

d.f. squares. Cxl0-e ) 

-----------------------------------------------------------------------------------------------
Within 

Strain 7 276 1.2433 
0 

-0.0041 0.00174 -0.003 275 0.00172 0.6264 
Strain B 109 1.2611 -0.0113 0.00090 -0.009 108 0.00080 0.7399 
Strain 9 87 1.2367 -0.9016 0.00172 -0.001 86 0.00172 1.9cn5 

469 -0.00424 0.9045 . 
Pooled 472 .·3.7~Hl -0.01-38 0.00436 -0.004 471 0.00431 0.9141 

Difference of slopss 2 0.00007 6.3000 
Comparison of slopes F2.469= 6.3xl0-e /0.9045xl0-e = 6.97 ns 

------------------------------------------------------------------------------------------------

1", 

,,' 

<.0 
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Table 24. CampArisan of ragre55ian lin85 of total sparm waight an age far .trains 7, 8 and 9. 

-----------------------------------------------------------------------------------------------

d.f. 

Sum of 
squares 
of age 

Cross­
product 

Su.. of 
squar.. of 

total .per. 
.... ight 

~ 

Regre.sion 
coaf-Fic:i'ent 

Deviations from reQr •• sion 

d.f. 
Sum of 

squar •• 
M.an 

squar •• 

---------------------------~--------------------------~._--------------------------------------
Wi~:hin 

Strain 7 276 1.2433 -4.4069 524.390 -3.:5 275 508.770 :5.2268 
Strain 8 109 1.2611 -5.9294 218.670 -4.7 108 190.791 3.6287 
Strain 9 87 1.2367 -0.3210 610.220 -0.3 86 _ 610.137 1.9116 

469 1309.698 2.9797 
Pooled 472 3.7411 -10.6573 1353.280 -2.9 471 1322.920 2.9663 

Differenceoof slopes 2 13.224 6.6112 
Comparison of slopes F2.4b9= 6.6112/2.7925= 2.37 ns 

.. 

,~ 

----------------------------------------------------------------------------------------______ 1_ 
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indicate that semen weight of strain l tended ta decline 

slower than semen weight of males From strain 5 and 3 and 

sem en weight of strains ~ tended to decline slower th;~ 

semen weight of s.train 3. Also, it appeared that the males , 
of strain 9 were less affected by advancing age than 

strains 8 and 7. The semen weight of strains 7 decreased 

faster than the semen weight of strain 8, as indicated by 

the larger coefficient of regression of strain 7. 

-.. 
4.3 

\ 

[ffect of ejaculate aequencê on se.en traits·# 

In general, ejaculate" sequence had a signlficant 

(P<O.05) effect on semen weight and total sperm weight, but 

not- on dacked sperm volume (Appendlx lable's 20 ta 26). The 

exc_eptions were the lack of 8igni ficant effect o,f .ejaculate 

sequence on,semen weight and total sperm weight of the males 

of experiment l, hatched in 1980, and semen weight of the 

males of experiment II (t\ppendix Tables 21a and 22); also 

the significant effect of ejaculate sequence on packed sperm 

volume in experiment II (Appendix Table 22;0 

In general, semen weight and total sperm weight 

decreased in consecutive ejaculates <Tables 25 ta 28). 
c 

Number of spermatozoa per ejaclll'ate, measured only in the 

males of experiment l, was higher in the" first than in the 

second and third ejaculate of the 1979 hatched males (Table 

2 5' b ). H 0 W e ver, n 0 d i f fer e n ces w e r e 0 b s e r v e d i n the 

producrtion of sp~rmatozoa of the males of experiment 1 

h 'a t che d in 1 9 B 0 ( T a b l e 2 6 b ) • Mot 1 lit Y sc Q. r e an p p e r c en t 

• f 
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Table 2Sa. Least squares mean "éstimates by eJaculate seque~~and range of 
standard errors of semen tr~it. (tran.~ormed ançf untransformed) 
m.asured on 23 month old rooaters (Experiment I~ 197~;Hatch). 

------~---l-------------------------~-·-----------------------~-------------

Ejaculate 
S,emen weight 

sequence n:l. InCmg) mg 

Packed sperm 
volume 

~;:~5inër--y.-

Total 
sperm weight 

r' mg 

Number of 
spermatozoal 

nil(xl0'9') 

-------------------------------------------------------------------------------
1 89 5.75b 314.8 0.92a 13.7 6.6Sb 46.2 2.97a 

2 94 5.61~ 272.9 0.92a 13.2 6.07a 38.8 2.81a 

3 95 5.65a 286.6 0.92a 13.0 6.lSa 39.8 2.77a 

Range of 
standard 0.03 ta 0.004 ta 0.13 ta 0.08 te 
errars 0.04 0.005 0.15 0.09 

----------~-----~--------------------------------------------------------------
:1. n Denotes the ~umber of observations for each ejaculate. 
a,b Ca)umn means with no letter in common are different (P<O.OS). 

/ 

, 
" 

."" 
\ 

.. 

ID 
co 



-,-

~ 

/ 
( 

-~ 

Table 2~b. Least squares mean asti mates by eja~ulate 5equen~e and range of 
stAndard errera ef •• men trAita CtrAnsformed and untr.nsformed) 
measured on 23 month old rODsters (EKperiment 1;,1979 hatch). 

-------------------------------------------------------------------------------
Number of 

spermatozDa 
" ejaculate 

Pltr~.nt 
motility 

Abnormal 
spermatozoa 

Ejac:ulate 
sequenc:. n 1 r' 

Motility 
xl0· score arc:sine 'Y. ni 'Y. 

---------------~-------- - ~ - ---------------------------------------------------~-

1 

2 

3 

Range of 

89 

94 

95 

30.Bb 

28.0a 

2B.4a 

0.99 4.15a 

0.82 4.14a 

0.B5 4.23a 

0.83a 74.1 85 0.26a 

O.86a 75.7 85 0.26a 

O.89a 77.4 
1 

90 0.27a 

standard 0.76 te 0.06 to 0.01 to 0.10 ta 
errars 0.81 0.06 0.01 0.11 

7.7 

7.6 

8.0 

_______________________ ~ ______________________________________________ l _______ _ 

.. n Denotes the number of observations for each ejaculate. 
a,b Calumn maans with na letter in.comman are different (P<O.05). 

... 
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Table 26a. Least squares mean estimates by ejaculate sequence and range of 
standard errors of semen traits Ctransfcrmed and untransfcrmed) 
measured on 10 month oid roosters (Experiment 1; 1980 Hatch). 

Ejaculata 
sequence nO. 

Semen weight 

InCmg) mg 

Packed sperm 
volume 

arcsiner .7. 

Total 
sperm weight 

~ mg 

Number cf 
spermatozoa/ 

ml (xl0") 

-------------------------------------------------------------------------------
1 69 5.98a 396.6 0.9~a 14.9 7.69a 61.3 3.10a 

2 72 5.91a 368.0 O.94a 15.3 7.57a 59.6 3.23a. 

3 73 5.89a 361.8 0.94a 15.2 7.40a 57 .. 2 3.26a 

Ranga'of 
standard 0.04 to 0.005 to 0.17 to 0.09 to 
errer. 0.04 0.005 0.19 0.10 

---------------------------------------------------------~---------------------. . 
.. n Denotes the number of observation for each ejaculate. 
a,b Column means with no letter in comman are different (p<O.OS). 

( 
c 
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Table 2âb. Least squares mean estimates by ejaculate sequence and range of 
stAndard errors of semen trait. Ctransformed and untransformed) 
measured on 10 month old roosters (Experiment I: 1980 hatch). 

--------------------------------------------------------------------------------
Number cf 

spermatozoa 
eJaculate 

------------- Motility 

Percent 
mctil i ty 

Abnormal 
spermatozoa 

Ejaculate 
sequence 

-----------------~-------------------------~~-------------------------------
ni x 10'" score arcsi ne ", 'Y. n" r ï. 

1 69 35.2a 1.28 4.15a 0.86a 75.7 69 0.28a B.6 

:2 72 34.8a 1~26 4.20a 0.87a 76.5 70 0.27a 8.1 

3 73 34.4a 1.23 _ 4.21a 0.89a 77.7 71 0.28a 8.8 

Range of 
standard 0.84 to 0.06 to 0.01 ta 0.01 to 
errors 0.91 0.06 0.01 0.01 

-------------------------------------------------------------------------------
1 n Denotes the number of observations far each ejaculate. 
a,b,c Column means with no letter in common are different (P<0.05). 
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Table 27. Least squares mean est~mates by ejaculate sequence and range of/standard errors of 
semen traits Ctransformed and untransformed) measured on 18 mDnth Dld roostara 
CExperiment Il). 

Ejaculate 
~emen weight 

sequenc:e n 1 InCmg) mg 

Packed sperm 
volume 

arcsine~ 'Y. 

Total sperm 
weight 

~ 
mg 

Motility 
sc_ore 

Percent 
mati li ty 

arcsine y. 

----------~------------------------------------------------------------------------------------

1 371 5.98a 394.3 0.94b 15.1. 7.75b \_ 62.7 4.16a O.94a 80.9 
-1 

2 381 "5.96a 388.5 0.93a 14.2 7.44a 57.9 4.27b 0.97b 82.5 

Range of 
standard 0.02 to 0.002 to 0.13 te 0.03 to 0.005 ta 
errors 0.02 0.002 0.14 0.03 0.006 

--------------------------------------------------------------------------------,--------------
1 n Denotes-the nuber of observations in each ejac:ulate. 
a,b Column means with no letter in c:omman are different (P(O.05l. 

\ 
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Tabla 28. Least squares me an œstimates by ejaculate sequence and 
range of standard errers of semen traits Ctransfermed 
and untransformed)".in experiments III, IV, V and VI. 

Ejaculate 
sequence 

,I~ .. 

1 1492 

2 1491 

l 560 

2 537 

1 292 

2 294 

1 275 

2 269 

Range of 
standard 
errors 

Semen wei ght 
Packed sperm 

volume 

ln (mg) mg arcsiner Y. 

EXPERIMENT III 

6.00b 401.7 0.94a 15.5 

5. B8a. 358.5 0.94a 15.0 

EXPERIMENT IV 

5.90b 382.9 O.94a 15. 1 

5.B4a 356.2 O.94a 15.0 

EXPERIMENT V 

5.91b 385.2 0.68a 12.7 

5.86a 364.0 0.68a 12.4 

EXPERIMENT VI 

5.83b 362.9 0.92a 13.7 

5.77a 336.3 O.92a 13.2 

0.01 ta 0.001 ta 
0.02 0.003 

Total sperm 
weight 

mg 

7.91b 64.9 

7.33a " 56.0 

7.45b 57.9 

7.12a 53.6 

6.85b 49.7 

6.58a 45. 1 

6.91b 50.1 

6.56a 44.8 

y 

0.04 to 
0.10 

---------------------------------------------------------------
1 n Denotes the nuber of observations in each eJëlculate. 
a,b Column means with ne letter in common are different (P<O.05). 

. -, 
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motility tended to increase in consecutive ejaculates 
-

(Tables 25b, 26b and 27). Ejaculate sequence did not affect 

the number of spermatozoa/ml, number of spermatozoa per 

ejaculate and the percentage of abnormal spermatozoa (Tables 

25b and 26b). 

4.4 Influence of selection ~ hlgh .!ü productJ.on 
and other related traits on aale traJ. ts 

-",or,---

Only the comparisons ~tween the means of strains with 

the same genette origin (i.e., strains 1 and 3 vs 5; strains 

8 and 9 vs 7; and strains 2 and 4) and among the control 

strains (strains 5, 7 and 10) were considered meaningful. 

4.4.1 Influence of selection on semen traJ.to 

4.4-:.1 Se.en weJ.ght, packed Bpera voluae 
and total apera veight 

The resul ts of the anal yses of variance for the ef feet 

of strain on semen traits are also shown in Appendix Tables 

" 20 to 26 by experiment or year of hatch. 

The differences between the least squares mean 

estimates of stratns 1, 3 and 5 are shown in Tables 31 to 

35. l t ca n b e 0 b s e r v e d th a t the mal es" 0 f st rai nI, in 

general, had greater semen weight, packed sperm volume and 

total sperm weight tthan strains 3 and 5. Furthermore, except 

for the results of experiment II, control strain 5 tended to 

produce greater semen weight, packed sperm volume and total 

sperm weight than selected strain 3. 

The results of the differences between the least 

squares mean cstimates of strains 7, 8 and 9 are shown in 
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Tables 29,30 and also in Tables 31 to 35. In general, there 

was no cleat" indication of a greater semen production of the 

selected strains 8 and 9 versus the unselected control 

strain 7 (Tables 30 to 35). The only -exception was the 

ree:ults of experiment l which show that the males of control 

strain 7 hatched in 1979 htd lower semen weight, packed 

sperm volume and total sperm weight than selected strains 8 

and 9 (Table 29a). However, as will be explained in the 

discussion these differences were probably due ta the 

management of the males of strain 7 previous ta their use in 

ex periment l. Tables 30 to 34 also show no differences in 

semen production between males of strains 8 and 9. Strain 9, 

however, had greater packed sperm volume and total sperm 

weight than males of strain 8' at 23 and 29 months of age 

(Tables 29a and 35, respecti vely}. Selected strains 2 a,nd 

4 had similar semen production traits (Table 31a). 

No differences were found between the semen production 

traits of the male breeders and nonbreeders of the same 

strains and generation examined in experiment IV. The mean 

semen weight, packed sperm volume, and total sperm weight of \ 
\ 

breeders and nonbreeders, respectively, were 353 and 357 mg; 

14.2 and 15.1 %; and 52.0 and 54.7 mg. 

With respect to th(! results of the differences between 

the means of the cont ro} strains, there was a trend for the 

males of strain 10 to have greater semen weight, packed 

sperm volume and total sperm weight than males of strains 7 

and 5. Also, there' was a trend for males of strain 7 to have 



Table 29a. Least squares mean estimates by strain and range of standard 
errors of semen traits (transformed and untran~rmed ) 
measured on 23 month old roosters CExperiment--r,1979 hatch). 

strain 
number 1 n 2 

Semen weight 

In(mg) mg 

Packed sperln 
vol_ume 

arc5iner % 

Total 
sperm weight 

~ mg 

Number of 
spermatozoal 

ml (x 10·) 

----------------------------------------------------------------------

7 C 133 5.49a 242.3 0.99a 10.0 4.91a 26.1 2.31a 

B S 72 5.74b 31'0.8 0 .. 93b 14.0 6.67b 46.5 3.13b 

9 S 73 S.79b 327.3 0.95c 15.9 7.29c 55.1 3.11b 

Range of 
standard 0.03 to 0.04 to 0.13 to o.oa to 
errors 0.04 0.05 0.19 0.11 

1 C= unselected control 5train; S= selected strain. 
2 n Denotes the number of obser~ions per strain. 
a,b,c Column mean~ with no letter in comman are different (p<O.OS). 

1-

'" 

c 
(l 



Tab~e 29b. Least squares mean estimates by strain and range of standard 
\ errors of semen traits ( transformed and untransformed ) 

measured on 23 month old roosters (Experiment 1; 1979 hatch). 

Strain 
number~ n 2 

7 C 133 

8 S 72 

9 5 73 

Range of 
standard 
errors 

Number of 
spermatozoal 

ejaculate 

.r--' x 10'" 

23.4a 0.59 

31.4b 1. 03 

32.3b 1.09 

0.b1 to 
0.90 

Moti li ty 
score 

4.16a 

4.09a 

4.28a 

0.05 to 
0.07 

Percent 
mati! i ty 

------,.-------arcsine % 

O.86ab 75.8 

O.83a 73.5 

0.89b 77.9 

0.01 ta 
0.02 

nJ. 

119 

68 

73 

1 C='unselected control strain; S= selected strain. 
2 n Denotes the number of observations per strain. 

Abnormal 
spermatazaa 

s-' % 

O.25a 7.2 

O.28a 8.4 

0.27a 7.9 

0.008 to 
0.012 

a,b,c Calumn means with no letter in commen are different (p<O.OS). 

c 
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Table 30a. Least ~quares mean estimates by strain and range of standard 
errors of semen traits ( transformed and untransformed ) 
measured on 10 month old roosters (Experiment 1: 1980 hatch). 

------------------------------------------------------------------------

Strain 
number 1 n 2 

Semen weight 

ln (mg) mg 

Packed sperm 
volume 

arcsine,f"' 'l. 

Total sperm 
weight . 

r' mg 

Number of 
spermatozoal 

ml (x 10·) 

------------------------------------------------------------------------

7 C 110 5.8ôa 350.7 0.95a 15.9 7.50a 58.7 3.29a 

a s 53 5.97b 392.3 O.93a 14.5 7.S6a ' 59.7 3.22a 

q 9 51 S.95ab 383.4 0.94a 15.0 7.S7a 59.7, 3.07a 

Range cf 
standard 0.03 to 0.004 to 0.15 to C.~_08 to 
errors 0.05 0.007 0.24 0.12 

1 C= unselected control strain; 5= selected strain. 
2 n Denotes the number of observations pel'" strain. 
ayb,c Column means with no letter in common are different (P<0.05) 

~ 

r --' 
o 
CX) 
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Table 30b. Least squares mean estimates by strain,and range of standard 
errors of semen traits ( transformed and u"t~"sformed ) 
measured on 10 motnh old' raasters (Experi~ 1; 1980 hatch). 

Strain 
number 1 n 2 

Number of 
5permatozoal 

ejac:ulate 

v--' x 10" 
Motility 
score 

Percent 
matility 

ar;-csine X n2 

Abnormal 
spermatazaa 

r r. 
-----------------------------------------------------------------------

7 C 110 34.2a 1.21 4.32b O.90b 78.6 109 0.29a 9.5 

8 S 53 33.9a 1.33 3.99a 0.83a 74.0 52 0.27a 8.0 

9 S 51 34.4a 1.23 4.25b 0.8Bb 77.2 49 0.27a B.O 

Range of 
standard 0.66 ta 0.05 to 0.12 to 0.009 ta 
errors 1.07 0.08 0.19 0.014 

1 c= unselected control strain; 5= selected strain. 
2 n Denotes the number of observations per strain. 
a,b,c Column means with no letter in comman are different CP<0.05) 

"" 

o 
\0 
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Tabl e 31a. Least squares me an esbmates by strai n and range 
of standard errors of semen traits <transformed 
and untrans-fermed) measured on 18 month old 
roosters (Experiment II). 

----------------------------------------------------------­c 

Samen "4l!1ight 
Strain 

mg 

Packed sperm 
vol ume 

arcsine["' 

Total sperm 
"4ei ght 

mg 
-------------------------------------------------------------

1 S 52 6.00bc 403 .. 4 

3 S 52 5.92ab 372.6 

5 C 141 5.85a 348.8 

7 C 148 5.97b 389.7 

8 S 52 6.10e 444.0 

9 S 5~ 5.99bc 399.4 

2 S 54, 5.95ab 382.0 

4 S 53 5.91ab' 366.9 

10 C 141-" 6. OSe 

Range of 
standard 
errors 

0.02 to 
ej.04 

424.6 

O.97d 17.7 

0.94be 15.2 

0.93ab 14.0 

O~92â 13.7_ 

O.92a 13.3 

O.93abe 14.1 

O.94c 15.6 

O.94c 15.:5 

0.92a 

0.002 -!o 
0.006 

13.2 

, 

8.4Sc: J 74.5 

7.55b 59.7 

7.01a 51.8 

7.31ab 56.1 

7.62b _ 60.7 

7. 49ab 58.8 

7.72b 62.3 

7.68b 61.7 

7.46b 

0.13 te 
0.23 

58.3 

1 

:z n 
a,b,e 

C= unselected control strain; S= selected strain. 
Denotes t/:le number of o!:lservations per strain. 
Calumn m.ans "4ith na letter in cammen are diffarent 
(P(O. O~) • .. \ 

AI 

\ '. 



Tabl & 31b. Least squares mean estîmates by strain 
and range of standard &rrOl"'5 of semen 
trai ts Ctransformed and untr-ansfol"'med) 
measured on lB month 01 d roostel"'s 

(Ex periment II). -
i 

---------------------------------------..------------

Stl"'ain 
number 1 

Moti 1 i ty 
score 

-. 

Percent 
mati 1 ity 

;;;~~i~;;------% 

-------------------------------------------------.-.. ., 
1 S 

~s 

:5 C 

7 C 

BS 

9 S 

10 C 

"'Range ooi 
standard 
•• ·"or5 

52 

52 

141 

148 

55 

~3 

141 

4. 12ab 

4.39c 

4. 27bc: 

4.21b 

4.36c 

4. 29bc: 

4.1Bab 

4.09oab 

4.04a 

0.03 to 
0.06 

0.95a 81.2 

{).99c: 83.7 

0.96ab 82.0 

-().95a 81. 3 

-0.98bc 83.3 

0.96abc 82.2 

0.94a 80.9 

0.94a 

0.93a 

0.005 to 
0.012 

80.5 

80.2 

------------------------------------~--------------
1 Ca uns.lac:t.d c:ontrol str .. i n; S=selacted strain. 
:2 n Denotes 'the nurr.bar of -observations pe,..- st.rain. 
a, b, c: Col umn m.ans "i th no 1 et. t.el'" in common are 

, signific:antly di+ferent (P<O.O~). 

111 
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Table 32a. 

strain 
numbar 1 n:Z 

Least squares mean estimates 
of standard errers of semen 
and untransformed) measured 
roosters CEx per i ment III)." 

112 

by strain and range 
traits ( transfermed 

on 8 month "oid 

Samen weight 
Packed "s~et-m 

vOhimEi Ir' 
Total sperm 

weight 

In(mg) mg arcsiner r mg 

-----~-------------------------------------------------------

1 S ~44 

3 S 503 

5 C 253 

1 C 269 

8 S 580 

9 S ~46 

10 C 288 

Range of 
standard 
errors 

S.93b 37'4.3 

S.82a 336.9 

5.97bc 391.8 

Ô.OOc 405.0 

5.99c 400.8 

, 
S.99c 402.7 

0.01 to 
0.02 

0.96e 

0.94b 

0.95de 

0.94bc 

0.92 .. 

0.93a 

" 0.9Scd 

0.001 to' 
0.003 

lé.7 

14.9 

fé.3 

15.4 

13.6 

14.0 

15.8 

7.96d 65.é 
\ 

7.10a 52.1 

7.61bc 60.2 

7.80cd 63.1 

7.44b 51.6 

7.48b 58.3 

7.98d 65.9 

0.04 to 
0.12 

1 

:2 n 
a,b, 
c,d 

c= unselected control strain; S= selected strain. 
Denotes the number of observations per strain. 
Column m.ans with no letter in commen are signifïcantly 
different (P<0.05). 

,/ 

\ '-

• 

'. 
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Table 32b. Laast squares mean estimates by .train 
and range of standard errors of semen 
traits Ctransformed and untransformed) 
measured on 8 month old rccsters 

Strain 
number 1 

1 S 

3 S 

S C 

7 C 

8 S 

9 S 

10 C 

Rang_ of 
.. tandard 
errors 

27:1 

255 

128 

131 

288 

271 

• 
144 

• 
\ 

CExperiment III). 

Motility 
score 

4.15a 

4.15a 

4.19a 

4.21a 

4.24a 

4.25a 

4.24a 

0.031 to 
0.05 

Percent 
moti lit y 

arc:sine 

0.91a 79.1 

0.91a 78.9 

0.93ab 80.1 

0.92ab 79.6 

0.94b 80.7· 

0.94b 81.0 

0.93ab 80.1 

0.006 to 
0.010 

'" 1 C=unselected control strain; S=selec:ted strain. 
:z n 
a,b 

Denotes the number of observations per strain. 
Column m_ans with no l.tt_r in common 
are signific:antly different (P<O.OS). 

113 
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Table 33. Least squares mean ~stimates by strain and range 
of standard errors of semen traits (transformed 
and untransformed) measured on 16 month old 
roo5ters (Experiment IV). 

Strain 
number 1 1'1 2 

Semen weigl"\t 

In(mg) mg 

1 S 157 5.88b~ 375.5-

3 S 157 5.73a 318.5 

5 C 128 5.84b 359.4 

7 C 145 5.90b 377.0 

8 S 178 5.86b 364.7 

9 S 181 5.8Bb 374.2 

10 C 151 6.00c 417.5 

Rang_ of 
standard 
errors 

0.01 to 
0.03 

Packed sperm 
volume 

arcsiner ;. 

O .• 96c 

O.93ab 

O.94b 

0.94b 

0.93a 

0.93. 

0.94b 

0.002 to 
0.003 

17.0 

14.6 

15.2 

15.0 

14.0 

14.0 

15.4 

Total sperm 
weight 

mg 

7.SSd 64.6 

6.72a 46.9 

7.,24bc 54.8 

7.41c 56.9 

7.03b 50.7 

7.l0bc 53.0 

7.86d 63.4 

0.06 to 
0.13 

1. 

2 n 
a,b, 
c,d 

C= unselected control strain; S= selected strain. 
Denotes the number of observations per sirain. 
Column means with no letter in co~mon are significantly 
differ.nt (P<O.OS). 

• J 
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Table 34. Least squares mean estimates 
of standard errors of semen 
and untransTormed) measured 
roosters (Experiment V). 

115 

by strain and' range 
traits ( transformed 
on 20 month old 

Packed Bperm Tot~l sperm 
Semen weight volume wœight 

Strain ------------ -------------- -----------number 1 n 2 In(mg) mg arcsiner 'l. ~ mg 

------------------------------------------------------------
1 S 74 5.92b 384.8 0.71d 14.7 7.39c 56.8, 

3 S 73 S.79a 339.1 0.b8bc 12.8 6. 46ab 43.1 

5 C 148 5.73a 319.6 0.b8c 13.0 6.30a 42.1 

7 C 143 5.93b 394.8 0.67ab 11.8 6.69b 47.7 

8 S 77 5.95b 395.7 0.66a 11.3 6.55ab 44.7 

9 S 71 5.99b· 413.5 0.67ab 11.7 6.87b 50.6 

Range of 
standard 0.02 to 0.003 to 0.10 to 
error!> 0.04 0.007 0.20' 

------------------------------------------------------------
1. 

:2 n 
a,b, 
c,d 

c~ unselected control strain; S= selected strain. 
Denotes the number of observations per strain. 
Column means with no letter in common are 
significantly different (P<O.OS). 

.. 
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Table 35. Least squares mean estimates by strain and range 
of standard errors of semen traits ( transformed 
and untransformed) measured on 29 month old 
roosters (Experiment VI). 

Packed sperm Total sperm 
Semen weight volume weight 

Strain -,...---------- -------------- ------------number 1 n 2 ln(mg) mg arcsiner X r mg 

------------------------------------------------------------
1 S 65 S.88b 382.6 O.92c: 13.6 70'6c: 

3 S 66 S.67a 303.5 0.91a 12.3 6.02a 

5 C 126 S.70a. 314.4 O.92c 13.5 6. 39bc 

7 C 140 5.84b 364.'2 - O. 93c 14.4 7.10c 

8 S 73 5.85b 355.8 0.91ab 12.4 6.5Sb 

9 S 74 5.87b 377.3 0.93c 14.5 7.26c: 

Range of 
standard 0.'02 to 0.002 to 0.09 te 
errors 0.04 0.004 0.18 

:2 n 
ta,b, 
c,d 

c= unselec:ted control strain; S= selected strain. 
Denotes the number of observations per strain. 
Column meàns with no letter in common are 
significantly different (P<O.05). 

) 

52.1 

37.8 

43.1 

52.4 

43.8 

55.5 



117 

larger semen production than those of scrain 5 (Tables 31a, 

32a, 33, 34 and 35). 

4.4.1.2 Hu.ber of sper.atozoa/al and per ejaculate 

The numbers of spermatozoa/ml and per ejaculate were 

'" assessed only on the semen of the [LaIes from expE:riment 1. 

t 
Strain differences were significant only for the data of the 

males hatched in 1979 but not for those hatched in 1980 

(Tables 29a,b and 30a.b). Males of strain 7 (hatched in 

1979) produced lower number of spermatozoa/ml and per 

ejaculate t\an males of strains 8 and 9. However. as 

mentioned earlier the differences wert: probably due Co the 

management of the males of strain 7 previous to their use in 

experiment 1. 

\ 
4.4.2 Influence of selection on se.en quality 

Except for tr.e results of experiment II, in which 

males of selected Berain 3 had higher sperm motility (score 

and percent) than males of selected strain 1 and control 

strain 5, no differences in sperm motility or percentage of 

abnormal spermatoza were observed between the selected and 

their respective control strains. Also, there were no 

differences in the quality of the semen of control strains 

5,7 and 10 (Tables 29b, 30b, 3Ib and 32b). 

4.4.3 Influence of selection on vattle. testes 
and spur .easure.ents 

The reBults of the analyses of variance of wattle 

weight and/or size are shown in Appendix Tables 27. 28 and 

29, by experiment and age of the roooters. Wattle size and 
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weight we~e measured on a random sample of males (14 months 

of age; 1983 hatch) of three control strains and on males of 

selected and control strains hatched in 1982 (20 and 29 

Dlonths of age, respectively). 

In the 14 males of strain 7 

had similar wattl width, index and weight as strain 

10. Strain 7, on the other hand, had significantly (P<0.05) 

grc~ter wattle size and weight than strain 5. Strain la had 

longer and heavier but similar wattle width and index to 

strain 5 (Table 36). 

In the 20 month old populations, males of strain 3 

had wider (P<0.05) wattles and tended to have longer wattlp.s 

and greater wattle ind'ex than strains 1 and 5 (Table,37). 

" 
Males of strain 8, on the other hand, tended to have longer 

and wider wattles than strains 7 and 9, and had 

significantly gre~ter wattle index than strain 9 (Table 37). 

Males of control strain 7 had longer wattles than control 

strains 5 and 10, however. only the differences with strain 

5 were sigoificant (Table 37). 

In the 29 month old populations, males of sLrain 3 

had similar wattle weight as strain l, but heavier wattles 

than strain 5 (Table 38). Males of strain 1 had similar 

wattle weight as strain 5. The weight of wattles of males 

of strain 7 was simiIar,to those of strains 8 and 9 (Table 

38). Males of control strain 7 had heavier wattles thl,;\n 

those of control strnin 5 (Table 38). 



Table 36. Least squares mean estimates by strain and range of 
standard errors of testes and wattle measurements 

o~ 14 month old roosters from three unselected 
control strains (Experiment VI: 1983 hatch). 

Testes 
Strain weight 
number n 1 (g) 

5 41 20.7a 

7 41 27.4b 

10 50 25.4b 

Range of 
standard 1. 03 to 
errO'-5 1. 14 

weight 
(g) 

20.2a 

27.8b 

24.9b 

1.26 to 
1.38 

length 
(cm) 

7.0a 

7.8b 

7.5b 

0.16 ta 
0.18 

Wattle 

widtll 
(cm) 

6.0a 

6.8b 

6.7ab 

0.14 to 
0.16 

1 n Denotes the number of observations per strain. 
a,b Column means with no letter in common are 

significantly different (P<O.OS). 

index 
(cm:=! ) 

43.08a 

54.45b 

48.75ab 

:.12 ta 
2.32 



Table 37. Least squares mean estimates by strain 
and range of standard errors of wattle 
size measured on 20 month old roosters 

Œxperiment V). 

-----------------~--------------------------~-----

Strain 
number 1 n 2 

Wattle 
length 

(cm) 

Wattle 
width 

(cm) 

Wattle 
index 
(cm:Z) 

1 C=unselected control strain; S=selected strain. 
:2 n Denotes the number of observations par strain. 
a,b,c Column means with no letter in common are 

different (P<0.05). 

120 

- --~----
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Yable 38. Least squares mean estimates by strain and range 
of standard errors of testes and wattle weights 
measured on 29 month old roosters 

Strain 
number& 

1 S 

3 S 

5 C 

7 C 

8 S 

9 S 

Range of 
standard 
errors 

(Experiment VI; 1982 hatch). 

no;! 

40 

37 

78 

75 

40 

37 

TS5tis(g) 

right left 

Wattle(g) 

right left 
Testes 

(g) 

11.7b 11.8b 11.1ab 11.3ab 23.5b 

9.3a 9.6a 12.9b 13.0b 18.9a 

10.9b 10.9ab 10.4a tO.6a 21.8b 

14.5c 14.1c 15.1c 15.5c 28.6c 

14.2c 14.1c 15.6c 15.7c 28.3c 

14. Bc 14.4c 14.9bc 14.9bc 29.2c 

0.37-
0.53 

0.36-
0.52 

0.53-
0.76 

0.55-
0.78 

0.75-
1.00 

Wattles 
(g) 

22.4ab 

25.9b 

21.0a 

30.5c 

31.2c 

29.Bbc 

1.07-
1. 53 

, -----------------------------------------------------------
1 

41: n 
a,b,c 

C=unselected control strain; S= selected strain. 
Denotes the number of observations per strain. 
Column means with no letter in commen are 
sionificantly d~fferent (P<0.05). 

/ 
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The results of the analyses of variance of testes 

weight messured on 14 and 29 month old males are shown in 

Appendix Tables 27 and 29, respectively. The least squares 

means of testes weight of the 14 month old males are shown 

in Tables 36 and 38. The differences in the means of testes 

weight of strains 5, 7 and 10 were similar to those of 
: 

wattle weight; Le., males of strains 7 and la had heavier 

testes than males of strain 5 (Table 36). In the 29 month 

old populations, !however, males of strain 3 which had 

h e a"V i e r w a t t les t han s t rai n s 1 and 5, h a d the s malle 8 t 

testes (Table 38). Males of strains 7, 8 and 9 had similar 

testes weight ('L'able 38). Males of strain 7 had heavier 

testes than those of strain 5 (Table 38). 

The resul to of the analyses of variance of spur sizes 

measur-ed on 20 month old males are shown in Appendix Table 

30. Males of strain 1 had longer spurs than strains 3 and St 

but these strains had similar 8pur diameter and index (Table 

39). Strain '7, on the other hand, had longer spurs and 

greater spur index ihan strain 8, which had similar spur 

sizes as strain 9. 
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Table 39. Least squares me an estimates bv straln 
and range of sta~dard errors of spur 
size measured on 20 mon~h old roosters 
(Experiment V). 

Strain 
numbert 

1 S 

3 S 

5 C 

7 C 

B S 

9 S 

Range of 
standard 
errors 

39 

38 

75 

78 

39 

38 

Spur 
length 

(cm) 

4. 1 be 

3~7 a 

3.7 il 

4.5 e 

4.0 ab 

4.3 e: 

0.07 ta 
0.10 

Spur 
diameter 

(cm) 

0.82 a 

0.83 a 

0.84 ab 

0.90 c 

0.88 be: 

0.92 e: 

0.010 ta 
0.015 

Spur 
index 
(cm2 ) 

3.36 ab 

3.11 a 

3.16 a 

4.03 c: 

3.50 b 

3.97 c 

0.08 ta 
0.12 

1 

2 n 
a,b, 

c 

C=unselected control strain:S=selected strain. 
Denotes the number of observations per straln. 
Column means with no letter in common are 
slgnificantly different (P<0.05). 
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4.5 Heritability and repeatability eati.stes of .ale trsits 

Heritability estimates of semen weight, packed sp,erm 

volume, total sperm weight" based on the first or the mean 

of two ejaculates, and body weight of the selected and 

control strains are shawn in Tables 40, 41 and 42. The use 

of the aver~ge of two ejaculates of semen weight and total 

spetm weight did not increase significantly the heritabillty 

of those traits compared. tà' estimates b~sed on a sIngle 

e j a cul a te. Ho w e ver, the h e r i t.a b i lIt Y est i mat e s a f p a c k e d 

sperm volume based on the mean of two eJaculates were higher 

than those based on the first ejaculate al one (Tables 40 and 

41) • 

Heritability estimates based on dam components of 

variance were higher than thos;'\ased on sire components of 

variance; except the heritability for packed sperm volume, 

based on one s~en ejacula~e, WhlCh was lower than the 

heritability estimate based on the sire component of 

variance (Tables 40 and 41). Estimates for the control 

strains based on full-sib components of "variance were higher 

than those for the selected st!,ains, based on SIre plus dam 
\l 

components of variance (Table's 40,41 and 42). 

The proportion of the phenotypic variance due to 

maternaI plus one quarter of the dominance variance was low 

«11%) for semen traits and body weight (1ables 40 and 41). 

The 'proportion of the total phenotypic variance due to 

environmental effects plus three quarters of the dominance 

devlatlon was high (0.60 to 0.77) for semen traits and 

J 

1 
1, 
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Table 40.'oGenetic, maternai and environmental prooortions 
of the tot~l phenotypic variance of sem en traits 
measured on 8 month old males-from four selected 
strains CFirst ejaculate; Experiment III).· 

--------------------------~------------~------------------

Genetic 
Male 
trait 

----,-----------------------------------------------------<... [ 
Semen O.lB 0.52 0.35 0.09 0.73 
weight <ZOo 10) * (ZO.18) <ZO. 10) "~ 

Packed 
sperm 0.29 0.17 0.23 -0'.02 0.60 
volume (ZO. ro> (ZO.15) (ZO.07) 

Total 
sperm 0.08 0.43 0.26 0.~10 0.77 
weight C.:t0• OS ) (+0.17) <ZO.06) - , 

Body 0.51 0.46 0.49 -0.02 0.49 
weight C:t0 • 13) C:t0 • 14 ) <:t0 .09 ) 

------------_._--------------------------------------------
... 

* 
m 

\ 

Number of strains=4; sires=112; dams= 336 • 
Average number cf offspring/~am=2.5; pverage number CT , 
dams/sir.-2.7; and average number of offspring/sire=10.1 
Standard errors of the hari tabi fi ti es, were est i mated 
by Di ckerson . s approx i mati on ( Becker 1975 ). 1 

Estimates the proportion of the phenotypic vari~nce due 
to maternaI vari ance plus 1/4 of the domi nance -e,f f ect s. 
Estimates the proportion of the phenotypic variance due 
to random environmental variance plus 3/4 of the 
dominance affects. 

" 

.' 
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Table 4t. 6enetic, maternaI and environmental proportions 
of the total phenotypic variance of semen traits 
measured on 8 month 01 d males from four selected 
strains (Mean of two ejaculates;Experiment 111).+ 

---------------------------------------------------------~ 

Male 
trait 

SeR:len 
weight 

Packed 
sp.rm 
volume 

Total 
sperm 
weight 

Body 
... aight 

Senetic 

-----------------------h~_ h~d h2_~d m 

0.1S- 0.54 0.36 0.09 0.73 
<:t0. 10) * (:t0. 16) <:tO. OS) 

0.38 0.4~ 0.42 0.02 0.60 
(:t0 • 12 ) (.t0. 1~) <:t0.OS ) 

0.13 0.51 0.32 0.10 0.77 
(:t0.09 ) (.t0. 16) <:tO.06) 

O.~l 0.46 . 0.49 -0.02 0.49 
<tO.13)· (tO• 14) (±0.09) 

----------------------------------------------------------
... 

* 
m 

Number of strains=4; sires=112; dams= 336; 
average number of progeny/dam-2.3; average number 
of dams/sire-2.7; and total number of progeny/sire=10.1 
Standard errors of the heritabilities y were estimated 
by Dickerson's approximation (,Becker 1975 ). 
Estimates the proportion of the phenotypic variance due 
ta maternaI variance plus 1/4 of the dominance effects. 
Estimates the proportion of the phenotypic varfance due 
te random environmental variance plus 3/4 of the 
dominance affects. \ 

v 

, 
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moderate for body weight (0.49). 

Heritability estimates of testes and wattle weights 

measured on males from two control stra~were calculated 

by regression of affspring on parent data~eritabil1ty 
" estimates of testes and wattle weights correct~for age 

effect were slightly lower than those uncarrected (Table 

43). 

The repeatability estimates of semen weight, packed 

sperm volume and tota,l sperm weight were high. The 

repeatability estimates for semen weight, packed sperm 

volume and total sperm weight, in experiment III. were 0.66, 

0.67 and 0.67, respectively, and in exper1ment IV, the 

eatimates were 0.65, 0.76 and o.is, respectlvely. 

4.6 Pheoocyplc correlat:1oos a_oog ~ traits 
, \ 

The coefficients of correlation among semen traits are 

shawn in Tables 44 ta 48. The correlations between'semen 

weight and packed sperm volume tended to be positive but 

mostly not sign1ficant and of low magnitude (0.02 ta 0.25). 

The part -to- whole correlations of semen weight and packed 

• sperm volume with total sperm weight were positi ve and high 

(0.63 to 0.80). The phenotypic correl ations of semen weight, 

packed sperm volume and total sperm weight with motility 

score and percent motl1ity were, ln general, low and 

inconsistent in sign (-0,25 to O.~O). Hales that praduced 

greater semen welght, packed sperm volume and total sperm 

weight tended '~praduce a large number of spermatozoa/ml 

and pe r ej aculate (Table 44). Also, semen of males t hat 



) 
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Table 42. Hentabihties and standard errors of 
semen tralts, based on one or the mean 
of two ejacul ates, and body wei ght o~ 8 
month cId roosters from three control 
strii ns (Ex periment 1 II) • ~ 

Male 
trait 

Semen 

Packed 
volume 

Total 
sperm 

weight 

sperm 
(Y.) 

weight 

Body weight 

First 
Ejaculate 

0.38 + 0.15 

0.56 + 0.15 

0.40 + 0.15 

0.86 + 0.13 

Mean of 
two 

Ejaculates 

0.42 + O. 15 " -

0.50 + o. 15 

0.41 ± o. 15 

-----------, -------------------------------------------------
.. Heri tabi li Ues were estimated from full-sib 

component.s of varianc~ and the standard error 
according te Becker (1975). Number of st.rains=3; 
number o-f sires= 1:56; total =312; number of 
offspring per mating= 2.0. 

Table 43. Heritabil1ty and standard errors of festes 
wattI e and body weight s in two cOQ.trol 
strains estimated by ragression of 
oHspring on parent~" 

Male 
trait 

Testes 
weight 

ItJattle 
weight 

Body 
weight 

Heri tabi 1 i ty 

Age corracted Uncorrected 

o. 58±0. 11 O.60±0. Il 

O. :54±0. 10 o. 62:t0. 10 

O.49±0.10 o. 46:tO. 10 

--------------------------------------------------.. Strai ns 5 and 7. Age of the parent 29 months. 
AgI! of tha o-ffspring 14 months. Th. number o-f 
observa t. ions was 72. 

128 
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TabllP 4.4. Ph~notypic c[Jrr.,latlon~ .. amono selllen traits (Experunent 1).-

Hale 
trait sw PSV 

\ 
5~.,en 0.25 
",el ;ht (SW) .... 

Prrcrntaoe of 
packed lliperm 0.04 
val ume CPSV) 

TSW /15 /1P 

0.78 -0.08 -0.12 .... 

0.78 0.20 0.17 

•• .. .... 
Total .. p~rll\ 
",ri I;Iht CTSW) 

0.68 0.74 0.05 -0.03 

ttotiUty 
scora (MS) 

•• •• 
-0.15 -0.02 -0.13 0.83 

• ** 
PlIPrcent -O. lB 0.01 -0.13 0.B3 .... lZlotil1 ty <HP) .. 

Total number 
splPr.'e.Jac 

(TNS) , 

Percentaoe 
of abner.,.! 
IliPIPrIllCABN) 

0.11 

0.74 

** 

O.OB 

0.39 
•• 

0.29 -
0.17 

• 

0.34 

•• 
0.07 0.03 

0.70 -a.06 -0.10 _. 
0.18 -0.09 -0.03 

il 

cee 

0.16 
•• 

0.:52 
•• 

0.41 
•• 

0.30 

** 
0.28 
• • 

0.73 
•• 

0.10 

TNS ABN 

0.74 0.12 _ . 

0.79 0.06 

•• 
0.15 0.01 
• 

0.06 0.01 

O. 75 -o.o~ ... 
0.03 

0.10 

AboYe the di.-gond 9 the partial ccrral .. t10n coeffICIents of thE 
lIIilh!5 hatch~d in 1979. Belo ... the d1aÇlcnal, t~e pal"'tH~l correl.atlcn 
coefficunts of the tIl.les hatc:hed in 1980. The number of pAlr. ci 
observations far th~ 1979 and 1980 pcpulatlcn5 ..,ere 287 and 214 
re .. pect1 vel y J .Mcept for the A8N ..,her. th.r • ..,ere 263 and 210 
obliervati ons r •• pecti vl!l y. 

• P(O.O:S *. P<O.Ol 



Table 45. Phenotypic correlations among semen traits and 
between semen traits and body weight, 

CExperiment II).+ 

Male 
trait 

Semen 
weight (SW) 

Percent age of 
packed sperm 
volumeCPSV) 

TalaI sperm 
wei ght (TSW) 

MQtility 
score (MS) 

/ 

Percent. 
moti li ty (MP) 

PSV 

0.07 

MS HP BW 

0.73** 0.01 0.03 0.16-11-* 

0.70** -0.25** -0.21** -0.04 

-0.16** -0.15** 0.09* 

0.91** -0.04 

-0.03 

-------------------------------------------------~--~ 
- The number of pairs of observations was 752. 
* P<0.05 ** P<0.01 

1" 
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Table 46. Phenotypic correlations among male traits 
of selected and control strains 
(Experiment III).+ 

------------------------~---------------------------

Male 
trait 

Semen 
wei ght (SW) 

Percent age of 
packed sperm 
volume (PSV) 

Total sperm 
wei ght CTSW) 

Body 
weight (BW) 

SW 

0.02 

0.76** 

PSV TSW BW 

0.09* 0.72** 0.10* 

0.01 

0.63** 0.05 

0.00 0.03 

----------------------------------------------------.... Above the diagonal, the partial correlation 
coefficients of the select.d .trains. aelow the 
diagonal the partial correlation coeffici'ents of 
the control _trains. The number of "pairs of 
observations for the selactad and control strains 
ware 2173 and 810, respectively. 

131 
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Table 47. Phenotyplc correlations among male traits 
Œxperiments IV and V) • + 

Packed Total 
Hala Samen sperm .perm' Body 
trait weight volume weight weight 

---J---------------------------------------~:::::---------...,----
Semen 
waight 

Pac:ked sperm 
volume 

Total .perm 
weight 

Body weight 

0.13** 

0.71** 

0.23** 

0.07* 

0.72** -0.08* 

0.77** 0.00 

0.07 O. 19** 

------------------------------------------------------------.... 

* 

Above the diagonal partial correlation coeficients for 
experimant IV. B.low the diAgonal partial correl ahan 
coefficients for experim.ent V. The number of pairs of 
observations in &xperiments IV and V ",as 109? and 596, 
respacti val y. 
P<O. 05 ** P<O.Ol 

, , 
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Table 48. Phenotypic correlations among male traits 

Mala 
trait 

Sernen 
welght 

Packed 
sperm 

Total 
sperm 

(Experiment VI).... ~ 

volume 

weight 

Pac:ked 
sperm 
volume 

0.07 

Total 
sperm 
waight 

0: 80** 

0.63** 

Body 
weight 

0.16** 

0.00 

0.12** 

The number of pairs of observations was 526. 
* P~0.05 ** P<O.Ol 

Table 49. Phlilnotypic: correlations ameng sem en traits 
and between body weight' and wattle size 
(Ex peri ment V, .... 

r -------------------------------------------------------

Male 
trai t 

Watt! e length 

Wattl e width 

Watt! e in.dex 

Semen 
weight 

O. 11** 

O. 11** 

O. 10* 

Pac:ked 
sperm 
volume 

0.08 

0.06 

0.07 

Total 
sperm 
weight 

, 0.11** 

0.10* 

0.10* 

Body 
weight 

0.26** 

0.28** 

------------------~------------------------------------

The number of pairs of observati ons was 582. 
* P<O.05 ** P<9.01 

133 



\ 

134 

produced large number of spermatozoa/ml tended ta have 

better sperm motility. In 

observed that semen samples 

Tables 44 

Wi\h good 

and 45 lt can be 

motility score had 

high percenLage of ma t i le s perms to zoa. Packed s perm vol ume 

and total sperm weight were positively correlated with the 

percentage of abnormal spermatozoa of the 10 mon t h 0 l d 

males but not of the 23 month old males (Table 44). 

Body weight appeared ta be positively correlated with 

semen weight (0.07 to 0.23) and total sperm weight (0.00 ta 

0.19). but unrelated with packed sperm volume (-0.08 ta 

0.07). Males with a heavy body weight tended to have poor 

motility score and percent motility (Tables 44 and 45). 

The phenotypic correlations of wattle size with semen 

'traits, testes weight and body weight are shown in Tables 49 

and 50. Those of wattle size with spur sJ.ze are shown in , 

Table 51. The correlations of wattle size with semen weight, 

packed sperm volume and total sperm weight were positive 

afthough of low magnitude (0.06 to 0.11); those with body 

weight, however, were of moderate magnitud r. (0.20 ta 0.28). 

The correlations of wattle measurements with testes weight 

J 
were positive but of low magnitude (0.13 to 0.19). The 

correlations between wattle size and spur length were close 

to zero but those between watt]e size and spur diameter were 

slightly moderate (0.20 to 0.24). The phenotypic 

correlations of testes weight and body weight were 10101 but 

those of wattle ·we4-ght I!t'hd size were high (Tabl e 50). 
, 
, 
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Table 50. Phenotypic correlations among wattle measurements 
and of ~ttle measurements with testes and body 
weights C€xperiment VI).+ 

Mala 
tr-ai t 

Testes 
weight 

Wattle 
weight 

Wattle 
length 

Wattle 
width 

Body 
weight 

Tastas 
weight 

0.04 

0.17** 

wei ght l ength 

0.19* 0.13 

0.91** 

0.1,7** 

Wattla 

width 

0.13 

0.88** 

0.87** 

index 

0.14 

0.94** 

0.96** 

0.96** 

Body 
weight 

0.08 

0.20** 

0.24** 

O. ~4** 

Above the diagonal correlations of traits, for the 
males hatched in 1983 (nI:l132); strains 5,7 and 10. 
BeloH the diagonal corralations for the males hatched 
in 1982 (n-307); strains 1,3,5,7, 8 and 9. 

* P<0.05 ** P<O.Ol 

1 
Î 
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/l'~bl. :51. Ph.notypic: correlations a,.,ong Hattle and 
.pur s1%.. (Experiment V) .... 

M.l. W.ttl. WatU. Bpur Spur Bpur 
trait Hi dth i nd.le 1.nQth di amater index 

---------------------------~-------------------------

w.ttl. 
1.ng'l:h 0.87** 0.97** -0.04 0.21** 0.14* 

Wattl. 
width 0.96** 0.01 '0:24** 0.19** 

W.attl. 11. 

index -0.02 0.23** 0.11' 

Spur 
1.ngth 0.20** 0.66** 

Sptir 
di am.teP r 0.87** 

-------------------------------------------------------
... 

* 

The nu",ber of pairs of observations ... as 400 and "307 
far .... ttl •• nd apur traita, r •• p.ctiv.ly. 
P< o. 0:5 ** P< O. 01 

, , 
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4.7 Genetic correlations a.on9 male traits 

The estimates of genetic correlatIons (mean of two 

semen ejaculates) for the selected and control atrains are 

presented ln Table 52.' In the selected strains, the 

est i mat e s 0 f 9 e net le cor rel a t Ion s , bas e don s 1. r e c om p 0 n en t s 

of varIance and covariance, between semen weight and packed 

s p e r m vol ume and 0 f b 0 d Y wei 9 h t w i l h sem e n w e .1 9 h t , p a (' k e d' 

sper-m volume and total sperm weight were negatIve (-0.33 to 

-0.67). The part-to-whole correlations of total sperm welght 

wlth semen weIg'ht and packed sperm volume were posItIve 

(0.37 and 0.74, respectl.vely). Est.lmates, from SIre plus dam 

components of var;,lonce and covarlance of total sperm weight 

with semen welght and packed sperm volume were also posItIve 

(0.80' and 0.72, respectIvely). Body weight was negatIvely 

correlated with packed sperm volume and total sperm weIght 

(-0.24 and -0.16, respectively). The genetlc correlations 

between semen weight and packed sperm volume and between 

sem e nw e l 9 ~ tan d b 0 d Y wei 9 h t we r e cIo set 0 Z e r a ( 0 • 0 l and O. 0 l ). 

l n the c a n t r 0 l s tr a ~ n s , the 9 e net i c cor rel fi t ion 

est.l.mates \were consistent with those of the selected 

str81.nS, based on si!'c plus dam camponents of variance and 

cov ari~nce. Gen:::tic carrel d~lons between semen weight and 

packed sperm volume and of body "'eLght with packed sperm 

vol ume and total sperm welght were of low magnltude (-0.25 

\ to 0,13). Semen welght and.packed sperm volume were 

posl.tlvely correlated wIth total sperm welght CO.71 and 

0.77, respecbvelyl. 

if' 

- -- .. 



Table 52. Estimates of genetic correlations among sem.,n 
traits and bet ... een semen traits and body weigFlt 
of selected and control strains<Experiment II 1) 

Male 
trai t 

Semen weight-
Packed .perm 
volume 

Semen .... ight-
Total sperm 
weight 

Semen weight-
Body weight 

packed .perm 
volum.- Total 
sperm weight 

Packed .perm 
volume -
Body weight 

Total sperm 
weight -
Body weight 

Type of strai n 

Selected" Control--

Sirë----Ô;~---Sirë:;i5am . Full-Slb 

-0.38 0.23 0.01 0.09 

0.37 0.80 0.69 0.71 

-0.37 0.26 0.01 0.13 . 

0.74 0.72 0.70 0.77 

-0.33 -0.15 -0.24 -0.25-

! 

-0.67 0.11 ' -0.16 -0.09 

138 

---------------------------------------------------------
"' * In the selected .trains, the genatic .correloaUon were 

astimated by cl hierilrchal analysis, usinQ sire, dam 
within sire and .ire plus dam companents af variance 
and covilri Ance. The number o-f strai ns, si res and dams 
were 4, 112 and 336, re.pec:tively, the averag. number 
of o-ffspring/dam .... as 2.~. 

** In the control strilins., the geneti c cerrel atians were 
astimatad by a single mat~ng design, using full- 5ib 
campanenets of v«riance and covariance. The number of 
strains, mating pairs and average number of offspring/· 
mating ... era'::S, 13ét and 2.0, respec:tively.' 
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4.8 Eati.ates"!!.!. genetie correlat1.on8 
between .ale and fe.ale traits ......;;------

4.8.1 Genet1.c correlations betveen se.en traits and 
égg producti.on and other related trai. ts 

1:39 

The means of the coefficients of relation-snip between 

parent- offs·prJn.g and between full- sibs, estimated to 

calculate the genetic correlations by regression method were 

0.72 for the control strains and 0.76 for the selected 
,. 

strains. The samplin'g variances of the estimates of -genetie 

correl acions are unknown but presumed high. 

The est"imates of genetic correlations of semen weight, 

"'" 
packed sperm volume and total sperm weight measured on 8 

month old males with age at firet egg, egg production up to 

273 and 497 days of age and egg quality traits assessed at 

240 and 450 days are shown in Tables 53, 54 and' 55, by semen 

trait. 

Semen production .traits tendè'd to be favorably 

correlated with egg weight as indica'ted by the .magnitude of-

the g e net i c cor rel a t i o'n s ( 0 .0 2 t 0 o. 3 6 ) • The ex;:. e p t ion s 

were the correlations between packed sperm volume of control-

strain males and egg weight of their full- sisters, ass~ssed 

( 

at 240 days and 450 days (-0.19 and 0*0, respectively); 

Semen traits were, in gener;l, unfavorably 

correlated with age aF first, egg (0.03 to 0.40), hen- housed----­

egg production (-0.60 to 0.04), survivors egg production (-

-'f' 
o • 0 8 t 0 - 0 • 5 2) and he n - d a y rat e 0 ~ e g g pro duc Ci 0 n (- 0 .J 6 t 0 

0.14). Egg mass production up to 273 days of age was 

un f a v 0 rab 1 Y cor rel a t e d lot 1 th s,e men loi e i g h t J pa c k e d s p e r m 

o 

<-, 

\ 

>, 
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volume and total sperm weight (-0.34, -0.05 and -0.34. 
'-

respectively). 

Semen weight 
... 

was unfavorably correlated with ~pecific 

gravit y, Haugh units, and the incidence of blood spots; 

however, most of the correlation coefficients were of low 

mag~itude (Tables 53). The genetic correlations of packed 

sperm volume with specifie gravit y, Haugh units and the 

incidence of blood spots ~ere in the undesirable direction 

(Table 54). The negative correlation of semen weig~t and 

packed sperm volume with shell shape indicates that 

selection for those"semen traits may decrea~e the ratio of 

egg length to egg width (Tables 53 and 54). The genetic 

correlations of total sperm weight with the egg quality 

....# rai t s we r e 0 f 10 w m a'g ni t u d e (- 0 .22 t 0 0.15); e xc e ptt he 

genetic correlation between total sperm weight and incide~ce 

o f b 1 00 d s pot s , f rom the h a l f - s i ban a lys i s, wh i c h :1 e r e 

modera-te (Table 55). 

The estimates of genetic correlations of s~men 

production. traits measured on 16 month old malés with egg 

production and other relatc.d traits are shown in Tables" 56, 

57 and 58, by semen tralt~ In the selected strains, semen 

weight, packed sperm volume and tot-al sperm weight were 

generaliy unfavorably correlated with age at first egg and 

egg production. However. ln the control strains, the genetic 

cOr>relations estimated by full- sib analysis were 

inconsistent with those estimated by dam- son analysis. 

Similar to the correlations of semen traits and egg 
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Table 53. E.ttmat •• cf genetic carrelaticn. by Full-sib, 
Half-sib and Dam-scn analysi. betw •• n sem.n 
weight of 8 month old roo.t.r. and egg 
production and ether relat.d traits in 
selacted and control .trains (Exp.rim.nt III). 

Typ. uf .train 

B;ï;~t;d--------------Cë~t~~ï 

Full-sibb Dam-sanD 

>Age at 
first .gg 0.27 0.29 0.26 

H.n-housad 
I19Q producti on .,.~-; 

ta 273 days -0.30 -0.22 -0.12 
ta 497 days -0.29 -0.01 , -0.10 

Survi ver .gg 
production 
ta 273 days -0.44 -0.12 -0.12 
te 497 days -0.39 -0.20 -0.10 

H.n-day rat. cf 
119; production 
te 273 days -0.10 -0.16 0.14 
te 497 days -o.~ 0.07 -0.02 

E;g .... ight 
.t 240 deys 0.19 0.20 0.20 
.t 450 days 0.20 0.30 0.28 

Specifie 
gravit y 
at 240 days -0.19 0.07 -0.25 
at 450 days 0.01 -0.04 -0.10 

Haugh unit.s 
.t 240 days -0.09 -0.16 -0.14 
at 450 days -0.18 -0.33 -0.16 

Sh.n shape 
.t 240 days -0.18 0.20 0.06 
.t 450 days -0.04 -0.07 -0.05 

Blood .pots 
at 240 days 0.45 0.08 0.20 
at 450 days 0.41 0.14 0.40 

--------------------------------------------------------Numb.r ef pairs cf observati en. 1 a-450, b-419 

l\ 
~ 
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Tabl. 54. Estimates of oenetic correlations by Full-sib, 
Half-sibs and Oam-son analysis b.tween packed 
sperm volume of 8 month'old roostera and .gg 
production and oth.r related traits in 
select.d and control strain. (Experiment III). 

Femal., 
traits 

1 

Type of _train 

Select_d 

Half-sib-

Control 

Dam-son° 

--------------------------------------------------------
Age at 
fir5t egg 

Hen-hou.ed 
.Og production 
to 273 days 
te 497 day. 

Surviver egg 
production 
to 273 days 
to 497 days 

H.n-day rate of 
egg production 
to 273 days 
to 497 days 

EgO weight 
at 240 days 
at 450 days 

Specifie 
oravity 
at 240 days 
at 450 days 

Hauoh units 
at 240 days 
at 450 days 

ah.lI shap. 
at 240 days 
At, 450 days 

Bleod spots 
at 240 days 
.t 450 day. 

0.26 

-0.42 
-0.18 

-0.18 
-0.09 

-0.01 
-0.03 

0.26 
0.07 

-0.07 
0.11 

0.07 
0.23 

-0.10 
-0.07 

0.20 
-0.09 

0.03 

0.04 
-0.12 

-0.08 
-0.13 

-0.01 
-0.12 

-0.19 
0.00 

0.06 
0.23 

0.-12 
0.15 

-0.03 
0.04 

-0.24 
-0.08 

, . 

0.33 

-0.29 
-0.38 

-0.29 
-0.38 

-0.01 
-0.36 

0.10 
0.09 

0.08 
0.25 

-O.Odl 
-0.25 

-0.11 
-0.01 

-0.23 
-0.16 
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Table 55. E.timata. of ganetic correlations by Full-sib, 
Half-sib and Dam-Bon analy.i. between total 
.perm weight of 8 month old roo.tar. and egg 
production and other related traits in 
selected and control strains (Experlmant III). 

Femala 
traits 

Age at 
first eg9 

H .. n-hou •• d 
egg production 
to 273 da ys 
to 497 days 

'" Survivor egg 
production 
to 273 days 
to 497 days 

Hen-day rata of 
ItQg production 
to 273 dilyIÎ 
to 497 days 

EgQ weight 
.t 240 day. 
at 450 days 

Specifie 
gravit y 
• t 240 dilY • 
at 450 dilYs 

Haugh units 
.t 240 day. 
at 4:50 days 

Sh.ll shape 
at 240 days 
at 450 days 

Blood spots 
at 240 days 
at 450 days 

j 

Type of .train 

Salectad Control 

--------Half-sib- Full-sibb Dam-son b 

0.40 0.22 0.35 

-0.60 -0.11 -0.26 
-0.43 -0.11 -0.27 

-0.52 -0.13 -0.26 
-0.47 -0.21 -0.27 

-0.17 -0.13 0.06 
-0.32 -0.07 -0.24 

0.36 0.02 0.11 
0.24 0.18 0.12 

-0.16 0.06 -0.18 
0.04 0.11 0.11 

0.00 0.00 -0.06 
0.09 -0.16 -0.18 

-0.22 0.15 -0.01 
-0.14 -0.04 0.00 

0.56 -O.OS -0.04 
0.25 0.01 0.06 

---------------------------------------------------------Number of pairs of observations. .-450, b-419 
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Table 56. Estimet •• of genetic correlations by Full-sib and 
Dam-eon analysis between •• men weight of 16 ~onth 
old roostera and egg production and other related 
traits in .eIected and control strains 

(Expariment IV). 

Type of strain 

--------------------------------Selected Control 
Fernala ------------------- -------------------traib.!!l Full-.ib" Dam-son- Full-SIbb Dam-sont:> 

-----------------------------------------~------------~--

Age at 
first eÇig 0.10 0.22 -0.06 0.18 

Han-housed 
IIQg production 
to 273 dey. -0.13 -0.33 0.00 -0.10 
to 497 deys -0.11 -0.32 0.24 -0.04 

Survivor IIQg 
production 
to 273 days -0.09 -0.33 0.14 -0.10 
to 497 deys -0,,06 -0.32 0.26 -0.04 

Han-dey rat. of 
899 production 
ta 273 deys -0.24 -0.24 0.20 0.23 
ta 497 deys -0.11 -0.13 0.36 0.08 

EQQ WIIight 
At 240 day. 0.16 0.24 0.28 0.01 
.t 430 deys 0.14 0.22 0.23 0.06 

," 
Specifie 
grevity 
At 240 dey. -0.04 -0.04 0.13 -0.21 
At 430 day. 0.01 0.19 0.14 -0.30 

HeuQh unite 
At 240 daye -0.24 -0.03 -0.06 -0.07 
At 430 deys -0.03 -0.13 0.11 -0.13 

Shell shape 
At 240 deys 0.03 -0.02 0.09 0.36 
at 450 deye -0.01 -0.10 0.01 0.12 

Blood spots 
at 240 deys -0.31 -0.20 0.23 0.16 
.t ~50 deys 0.11 -0.29 0.17 0.32 

N~;b;~-~f-p;i~;-~f-~b;;~;;ti~~;;-;:330J-~b:~ïo-------------

, 
{ 
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Table 57. Estimete. of oenetic correlations by Full-.ib and 
Dam-son anely.iB betw..n packad .para volume of 
16 month oid rooster. end eoo production and other 
ralated traits in selected and control strains 

(Experi ment IV). 

Type of strain 

l'Control 
Femal. 
traits -------------------Full-sib- Dam-san-

Age at 
firmt egg 0_03 

Han-hou.ad 
eoo producti on 
to 273 deys -0.12 
to 497 days 0.03 

Survivor egg 
proc::tuction 
ta 273 days -0.03 
to 497 deys 0.04 

Han-day rata of 
ego producti on 
to 273 deys -0.17 
to 497 days 0.01 

EgO lIIIIeiOht 
.t 240 deys -0.09 
at 450 days -0.07 

Specific 
gravit y 
at 240 days -0.11 
at 4~0 dey. 0.15 

Haugh units 
et 240 deys -0.03 
et 4~0 deys -0.14 

Shell shape 
at 240 deys 0.17 
et 450 deys -0.09 

Blocd spots 
at 240 deys -0.25 
at 450 deys -0.08 

0.35 

-0.38 
-0.29 

-0.38 
1 -0.29 

-0.08 
-0.10 

-0.12 
-0.13 

0.22 
0.04 

-O.Ob 
-0.12 

O.Ob 
0.11 

0.12 
-0.12 

Full-sibb 

-0.36 

0.24 
0.07 

0.04 
0.21 

0.02 
0.13 

-0.24 
0.11 

0.23 
0.15 

0.36 
0.20 

-0.06 
-0.24 

0.07 
0.05 

Number cf pairs of ob.ervations. a-330. b-210 

\t 

0.29 

-0.43 
-0.30 

-0.43 
-0.30 

-0.19 
-0.23 

-0.34 
-0.19 

0.05 
0.03 

0.13 
0.05 

-0.19 
-0.18 

-0.47 
-0.38 
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Table 58. Estimates of genetic correlations by Full-sib and 
Dam-son analysi. betw.en total .perm weight of 
16 month ald roostere end -Og production and other 
related traits in eelected and control strains 

Female 
traits 

Age et 
first egg 

Hen-hous.d 
ego producti on 
ta 273 daylS 
te 497 deys 

Survivor egg 
productlon 
ta 273 days 
ta 497 dey. 

Han-day rat. of 
eQQ producti on 
ta 273 dey. 
ta 497 days 

Egg weioht 
tilt 240 days 
at 450 days 

Specifie 
gravi ty 
at 240 days 
at 450 day. 

HauQh unit. 
et 240 deys 
et 450 days 

Sh.ll shape 
.t 240 deys 
at 450 days 

BI aod spots 
.t 240 dey. 
et 450 day. 

(E)(perim.nt IV). 

Type af _train 

Selected Control 

Full-sib A Dam-son- Full-Slb'" Dam-sont> 

0.04 0.39 -0.37 0.40' 

\' 

-0.18 -0.48 0.18 -0.33 
-0.08 -0.33 0.16 -0.25 

-0.09 -0.48 0.08 -0.33 
0.03 -0.33 0.29 -0.25 

-0.34 -0.19 0.11 0.05 
-0.12 -0.16 0.25 -0.1~ 

0.07 0.04 0.02 -0~23 
0.07 0.04 0.27 -0.08 

-0.13 0.20 0.23 -0.06 
0.11 0.17 0.11 -0.13 

-0.18 -0.08 0.33 0.14 
-0.11 -0.21 0.24 -0.01 , 

1 

o.o{ O.-lé -0.12 -0.06 
-0.07 -0.12 -0.19 -0.09\ 

\ 

-0.44 -0.08 0.21 -0.36 
-0.03 -0.27 0.14 -0.04 

-----------------------------------------------------------Number of pairs of observations: e-330. b-210 
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pro duc t ion • the r e loi e r e aIs 0 s 0 III e dis c r_ e pan cie sin the 

magnitude and sign of the genetic correlations of egg weight 

with semen traits. The genet1e correlations between egg 

weight and semen weight werc generally favorable (0.01 to 

0.28). Those between cgg weight and packed aperm volume were 
, 

m08tly unfavorable (-0.34 to 0.11) and those between egg 

weight and total sperm weight were mOBtly positive, except 

the correlations df the control strains, based on dam-son 

analysis which were negative (Table 58). The estima\:es of 

genetic correlations of semen production traits with egg 

quality traits were in generai inconsistent and of lolo' 

magnitude. 

4.8.2 Genetle cQrrelatlono of testes and vattle velghts 
vith egg production and otber related traits 

4.8.2.1 Testes veight and egg production an4. 
other related traits 

The genetie corr~lations betweeo testes weight 

measured 00 14 month old males and egg production and other 

related traits are shown in Table 59. The genetic 

correlations between testes weight and egg production to 273 

days of age were mostly negative (-0.33 to 0.29). The 

genetic correlations estimated by full-5ib anaiysis between 

testes weight and egg production to 497 days were 

inconsistent with those estimated by dam-son analysis. Law 

and inconsistent estimatés were observed for the 

correlations of testes weight with age at first egg, egg 

weight and egg quality traits (Table 59). 

The correlations of testes weight of the 29 month old 

:. 
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Table S9. E.ti_t_ of oenetie carrelations by Full_ib and D-- .an 
analya'. bet-n t .. t_ .... lvht of 14 and 29 IIICInth old rDOtltef"a 
end ItQO production and other related trait. in control and 
_lected atrain. CEJcperi..nt. VI>. 

Cont.rol Cl4> 

Aoe at 
fir.t eoo 0.02 

Httn-nou_d 
-Vg praducti on 
ta 273 day. -0.06 
ta 497 day. 0.29 

Survi var eog 
production 
ta 273 day. -0.06 
to 497 daya 0.29 

Hen-day rat. of 
ItQO prDducti on 
ta 273 day. 0.04 
ta 497 de.,.. 0.29 

EQQ weioht 
et 2~u àey. 0.06 
et 4!S0 de.,.. -0.09 

SpecHie: 
oravity 
at 240 àey. 
et 4:50 àays 

Haugh unit. 
.t 240 àay. 
at 4:50 day. 

Sbell ahape 
et 240 dey. 
at 4:50 dey. 

Blood .pot. 
et 240 de.,.. 
et 4:50 dey. 

-0.13 
-0.08 

-0.27 
-0.26 

0.08 
-0.16 

-0.06 
0.00 

-0.01 

-0.08 
-0.12 

-0.08 
-0.12 

-0.33 
-0.23 

0.00 
-o .. ~ 

0.08 
0.08 

-0.21 
0.04 

0.13 
0.11 

0.26 
-0.02 

0.0 

.0.04 
0.39 

0.01 
0.28 

0.08 
0.3:5 

-0.11 
-0.07 

0.30 
0.30 

0.22 
0.18 

0.36 
0.04 

0.27 
0.09 

-0.17 

0.20 
0.47 

0.20 
0.47 

0.11 
0.48 

0.0:; 
-0.27 

0.21 
0.06 

-0.01 
0.1:5 

0.0:5 
0.00 

0.38 
-0.02 

Contrai (2C1) 

0.29 

-0.17 
0.06 

-0.44 
0.07 

-0.09 
0.11 

0.25 
0.35 

0.00 
0.06 

0.10 
0.16 

-0.13 
-0.29 

-0.30 
0.24 

0.32 

-0.52 
-0.44 

-o. :52 
-0.44 

-0.39 
-0.41 

0.26 
0.:50 

-0.28 
-0.21 

0.28 
0.18 

0.11 
0.27 

0.13 
0.03 
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males with egg production and other related traits are also 

shown in Table 59. ln ge'1eral the estimates obtained in the 

selected strains were incon~istent in aigu and size with 

those of the control strains. ln the selected strains for 

example. the correlations of testes weight with hen-housed 

egg production, survivor egg production and hen-day rate of 

egg production were rosit ive but they were mostly negative 

for the control strains. 

4.8.2.2 Wattle size and egg production and 
other related traits 

The cstimates of genetic correlations of wattle 

weight and index (product of wattle langth and width) 

measured on 14 month old males of three control strains with 

egg production and other related traits are prcsented in 

Table 60. Wattle weight and index appear to be favorably 

correlated with age at first egg (-0.17 ta -0.43) hen-housed 

egg production (0.26 to 0.55), SC'rvivor egg production (0.26 

to 0.55), and hen-day rate of egg production (0.05 to 

0.44). 

" Wattle weight and ..l.ndex were unfavorably correlated 

with egg weight (-0.16 to -0.48). The estimates o~ genetic 

correlations of wattle weight and index with specifie 

gravit y, Haugh units, ahell shàpe and blood spots were 

ge~erally inconuistent and of low magnitude. The results of 

the ~orrelations of wattle length and width with cgg 

productio, traits were similar to those obtained for wattle 

weight and i~dex and are shown in Table 61. 

Wattle length, width and index measured on 20 month 

') 

/ 
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Table 60. Estimates of genetlc correlatlons by Full-Slb and 
Dam-aon analysta b.tw.en wattl. w_tgMt and index 
<product of length and width) of 14 \ month old 
rocstera and _;g production and ether related 
traits tn thr.e centrol .trains (Exp.riment VI). 

" -----------------------------------------------------------
Femel. 
traits 

Ag_ at 
first -gQ 

H.n-hcus_d 
agg productian 
ta 273 days 
ta 497 days 

Survivor flO9 
production 
ta 273 days 
ta 497 days 

Hen-day rate of 
egg praducti an 
to 273 deys 
ta 497 day. 

Egil .... ight 
at 240 deys 
at 4:50 day. 

Sp.cific 
;ravity 
at 240 deys 
at 4:50 deya 

Hau;h units 
at 240 days 
at 4~0 deys 

Sh_ll shap. 
at 240 days 
at 4~0 day. 

Blaod spats 
at 240 day. 
at 4:50 day. 

WatU_ w_ight 

Füïï=;rb=--D;;=;o~b 

-0.17 -0.36 

0.26 0.3:5 
0.26 0.51 

0.26 0.35 
0.26 0.51 

0.17 0.10 
0.26 0.44 

-0.16 -0.23 
-0.18 -0.43 

0.20 0.03 
0.12 -0.25 

-0.03 0.37 
0.0:5 0.17 

-0.05 -0.08 
0.01 0.20 

0.29 -0.24 
0.38 0.07 

Wattl_ index 

Full-eib- Dàm-son b 

-0.27 -0.43 

0.3~ 0.3:5 
0.28 0.55 

0.3:5 0.35 
0.28 0.55 

0.17 0.05 
0.27 0.39 

-0.22 -0.23 
-0.20 -0 .• 48 

0.11 0.00 
0.07 -0.18 

-0.03 -0.32 
0.10 0.23 

-0.13 -0.08 
0.00 0.19 

0.29 -0.06 
0.50 0.25 

------~----------------------------------------------------

Number of pairs of observatIons: a-265; b-132 

f. 
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Table 61. Estimates of genetic correlations by Full-sib and 
Oam- ~on analysis bet~een wattle length and ~idth 
of 14 month.old roosters and egg production and 
other related traits in three control strains 

<Ex peri ent' VI> • 

Wattle length Wattle wldth 
Female ------------------- -------------------trai ts Full-sib- Dam-son!:> Full-sib- Dam-sont:> 

-----------------------------------------------------------
Age at 
fjrst egg -0.34 -0.39 -0.17 -0.43 

Hen-housed 
egg producbon 
te 273 d"yl5~ 0.43 0.29 0.26 0.32 
te 497 days 0.31 0.46 0.27 0.53 

Survivor egg 
production 
te 273 days 0.43 0.29 0.26 0.32 
te 497 days 0.31 0.46 0.27 0.53 

Hl!m-day rate of 
_gg production 
te 273 days 0.13 0.01 0.20 -0.04 
te 497 days 0.27 0.3~ 0.29 0~40 

Egg .... ight ~ 
.t. 240 paya -0.20 -0.20 -0.25 -0.23 
at 450 days -0.22 -0.45 -0.19 -0.48 

Spec:i fi c 
gravit y 
at 240 dayti 0.17 0.08 0.11 -0.08 
at 450 days 0.13 -0.17 0.04 -0.16 

/ 
\ 

Haugh unit.. 
at 240 daya.. -0.09 0.37 0.06 0.35 
at 450 days ·0.09 0'.31 0.20 0..22 

Shell shApe 
at 240 daya -0.13 -0.03 -0.08 -0.10 
at 450 days 0.00 0.18 -0.03 0.20 

BI cod! spots 
.st 240 days 0.35 -0.06 0.29 0.03 
.st 450 day. 0.53 0.25 0.46 0.27 

Number of pairs of observations: a- 265; b=132 
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oId'" males' and wattie weight measured on 29 month old males 

appea red ta be uncorre lat ed wi th hen-housed egg production. 

,~urv i vor egg l production and hen-day rate of egg produc tion. 

1 

This st~tement is based on 'the inconsi~tency between the 
1 

e8timafe~'of genetie correlations calculated by full-sib and 

dam-son analysis and also in 'the low' magnitude of the 

est i, mat e s (T a b l e 8 6 2. 6 t. 6 4 and 6 5 ) • Sim i l a r 1 y • thE: 

correlations 'of wattle size with egg weight and egg.quality 

traits were in general inconsistent and of low magnitude. 

4.8.2.3 Spur size and egg production and 
other related traits 

It was not possib~.e t"q estimate'.,genetic correlations 

between spur measurem!nts .nd egg production traits from 

dam-son and ~ull-sib anaIyais because heritability estimates 

for spur length, spur diameter or apur index (product of 

length and diameter) were neither estimated in this stu~ 

nor were they available in the literature. The "p,henotypic" 

correlations of spur measurements of males ~ith egg 

production to 273 days and other related traits of their dam 

and full-aistera are shawn in Tablés 66, 67 and 68 by spur 

measurement. In general. the corroelation estimates of fu1l-

s i b s,of bot h the B"e l e c t e dan d con t roI s t rai n s, w e r e 

inconsistent wlth the dam-son correlation estimates. 

However, the correlations of spur sizes measured on the 

males of the control strains with sh~ll shape were <;à 
I:~ 

sig~nificant and positive. 

\ 
, \ 

.. 
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Table 62. E.timate. of g.n~tic correlations by Full- .ib and 
nam-son analysis betw.en wattl. length of 20 month 
old roo.t.ra and egg production and other related 
traits in selected and control strains 

(Experimant V) 

---~-----~----~--------------~-----------------------------

Fem.Ie 
traits 

Age at 
first .gg 

Hen-hou.ed 
.gg production 
to 273 day. 
to 497 days 

Survivor egg 
. production 
to 273 days 
to 497 days 

Hen-day rate of 
egg production 
to 273 day. 
te 497 day. 

EgQ weight 
at 240 days 
at 450 days 

Specifie 
gravit y 
at -240 days 
at 450 days 

Haugh units 
at 240 day. 
at 450 day. 

0, 

Shell shape 
at 240 çtays 
at 450 dllYs 

Blood spots 
.t 240 days 
at 450 d.ays 

Type of str.in 
. -
---------------------~---------Selacted Control 

-0.37 

0.26 
0.00 

0.31 
0.16 

-0.14 
-0.13 

0~02 
0.01 :-

0.00 
0.29 

O~.02 
-0.06 

-0.11 
-0.05 

0.12 
0.44 

0.06 

) 
-0.17 
-0.'12 

-0.17 
-0.12 

-0.1.4 
\ -0.16 
\ 

1 -0.02 
0.08 

-0.20 
0.20 

-0.14 
-0.15 

-0.01 
0.05 

-0.09 
-0.09 

Full-sibb 

0.18 

-0.27 
-0.18 

-0.22 
-0.04 

-0.28 
-0.09 

0.01 
-0.06 

0.02 
-0.31 

0.08 
0.14 

0.13 
0.05 

0.29 
0.27 

, 

Dam-son b 

0.27 

-0.'W 
-O.O&-

-0.07 
-0.05 

0.12 
0.05 

0.12 
0.14 

0.02 
-0.14 

0.11 
0.02 

-0.04 
-0.05 

-0.31 
-0.06 

-----------------------------------------------------------Numbar of pairs of obs.rvationsl a-152; b-233 

/ 
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Table 63. Estimates of genetic correlations by Full- sib ·and 
Dam- son analysis between wattle width of 20 month 
old roosters and egg production and other related 
trai ts in selected and control stralns 

(Experiment V). 

Type of strain 

Selected 
Female 
traits -------------------Full-sib- Dam-son-

Age at 
first eg9 

Hen-housed 
egg production 
ta 273 deys 
ta 497 deys 

Survi vor egg 
production 
to 273 days 
to 497 days 

Hen-d~y r-ate of 
egg producti on 

-0.37 

0.16 
-0.10 

0.23 
"O.OB 

to 273 days -0.26 
to 497 days -0.33 

Egg weight 
at 240 day'3 
at· 450 Cifays 

Specific 
gravit y 
at 240 days 
~t 450 da ys 

H~ugh uni t. 5 

at 240 days 
at 450 da ys 

Shell !Shape 
at 240 deys 
at 450 days 

Blaad spots 
at 240 days 
at 450 days 

0.13 
0.14 

-0.13 
0.17 

-0.02 
-0.20 

0.01 
-Oi04 

0.08 
0.36 

-0.02 , 

0.08 
-0.25 

0.08 
-0.25 

0.08 
-0.34 

-0.08 
0.13 

-0.15 
0.29 

-0.35 
-0.33 

0.07 
-0.08 

0.08 
-0.05 

0.12 

-0.16 
-0.06 

-0.15 
0.06 

-0.16 
0.01 

-0.04 
-0.03 

-0.11 
-0.29 

0.15 
0.16 

0.04 
0.02 

0.29 
0.17 

Control 

Dam-sonD 

0.22 

-0.04 
-0.01 

-0.04 
-0.01 

0.13 
0.07 

0.13 
0.17 

-0.07\ 
-0.27 

-0.08 
-0.13 

-0_35 
-0.11 
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Table 64. Eetimates of geneUe correlations by Full-sib and 
Dam-son analysis between wattle index (product of 
length and width) of 20 month oid roosters and 
egg production ,and other related traits in 
selected and control 'strains (Experiment V). 

Female 
traits 

Age at 
first egg 

Han-hoU!lud 
agg production 
to 273 day!5 
to 497 days 

Survi vor egg 
production 
to 273 days 
to 497 days 

Hen-day rate of 
9gg production" 

-0.38 

0.22 
-0.05 

0.29 
0.10 

to 273 days -0.20 
to 497 days -0.23 

Egg ... eiQht 
at 240 deys 
at 450 days 

Specifie 
gravi ty 
at 240 days 
at 450 days 

Haugh uni ts 
at 240 deys 
st: 450 days 

Shell shape 
at 240 days 
at 450 days 

Blood spots 
at 240 days 
at 450 days 

0~08 
0.08 

-0.06 
0.22 

0.00 
-0.12 

-0.06 
-0.05 

0.10 
0.42 

Type of strain 

Selected Control 

Full-sI bb Dam-sénl:> 

0.00 

-0.057 
-0.19 

-0.05 
-0_19 

.. 
-0.04 
-0.26 

-0.05 
O.p 

-0.16 
• 0.22 

-0.21 
':'0.22 

0.04 
-0.01 

0.01 
-0.07 

-0.22 
-0.13 

-0.19 
0.01 

-0.23 
-0.05 

-0.01 
-0.04 

-0.04 
-0.25 

0.11 
0.14 

0.08 
0.04 

0.25 

-0.06 
-0.04 

-0.06 
-0.04 .. 

0.12 
0.06 

0.12 
0.15 

-0.02 
-0.19 

0.12 
0.06 

-0.06 
-0.09' 

-0.29 
0.08 

Number of pairs of observations: a=:152; b-=233 
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Table 65. Estimates of genetic e:orrelations by Full-sib and 
Dam-son analysis tletween wattle weight of 29 month 
old roosters and egg production and other related 
trai ts in sel ected and control stral ns 

CExper iment VI). 

Type 0+ strai n 

Sel ected ( Control 

__ ~::~~:_____ 2_:~~~~~~~:===~::~~::: ____ :~~~=:~~~==~~~:=~~=' 
Age at J!-~ . ' 
first egg -0.28 0.17 O. 13 0.12 

Hen-hous.d 
-00 producti on 
to 273 days 0.08 -0.18 -0.24 0.12 
to 497 day!l -0.11 -0.16 0.00 -0.27 

Survivor egg 
production 
ta 273 days 0.18 -0.18 -O. 12 0.12 
ta 497 days 0.02 -0.16 0.13 -0.27 

Hen-day rate of 
egg production 
ta 273 daya -0.23 0.05 -0.44 0.22 
ta 497 days -0.32 -0.20 0.18 -0.25 

Egg ..,.ioht 
at 240 daya -0.07 -0.01 0.14 -0.04 
at 450 days 0.04 0.17 O. tf3 0.00 

Specifie: 
gravit y 
at 240 days -0.18 -0.25 0.01 -0.10 
at 450 daym(,v 

1 • 
0.14 0.10 -0.21 -0.25 

/ , 
Haugh uni ta 
at 240 deYIi -0.13 -0.06 0.08 0.10 
at 450 days -0.12 -0.06 0.00 " -0.12 

Shell shape 
at 240 days -0.22 0.06 -0.08 0.03 
at 450 days -0.16 -0.22 -0.18 0.00 

"" Blood spots 
~ 

at 240 days -0.13 -0.20 0.10 -0.16 
at 450 days 0.05 0.04 0.11 -0.32 

" 

N~;;;b;;~-;;f-p;i;:;-;;f-;;b;e~,~:;ti;;~;;-;:ï54;--b:ï50-------------

,.,. 
~ 

~ , 
dt 

0 

" 
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" Table 66. Corral at.icns betwean spur lengt.h cf 20 mont.h cId 
rocsters and egg produeti on to 27.3 day!> and cther 
related trai t.s cf their sisters (Full- si b) and 
dams <Dam-son) in seleeted and control strains 

<Experiment V) • 

---------------------:,---,..------------------------------------

Femala 
traits 

Age at 
first. egg 

Han-hou.ad 
aljJg production 
to 273 d.ys 

Survivor agg 
production 
tc 273 days 

Han-day rat. of 
BljJg produc:t. i on 
ta 273 days 

Egg weight 
at 240 day. 

Specifie 
IjJravity 
at 240 days 

Haugh units 
et 240 days 

Sh_ll shape 
at 240 day. 

Blood spots 
at 240 days 

-0.16 

0.15 

0.14 

iii 

0.02 

-0.04 

-0.11 

-0.10 

0.06 

0.01 

Type of strain 

Selected Contrcl 

Full-sibb Dam-son b 

0.11 -0.01 0.01 

-0.02 0.06 -0.02 

'" 

-0.02 0.08 -0.02 

0.09 0.06 -0.05 

-0.12 -0.e2 -0.04 

-0.10 -0.03 0.12 

0.01 -0.08 -0.01 

-0.02 0.24** 0.22** 

-0.06 -0.06 -0.15 

-----------------------------------------------------------.> 

·Numb.r of pairs cf observati ons: a-152; b-233 
** P<O.Ol 

" 
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Table 67. Correlations between spur diameter of 20 month old 
roosters and egg production to 273 days and other 
related traits of their eisters (Full-sib) and 
dams (Dam-son) in selected and control strains 

(Experiment V) • 

-----------------------------------------------------------

Female 
traits 

Type of strai n , 

Salected Control 

------------------- -------------------Full-gib· Dam-son- Full-sibb Dam~sonb 

-----------------------------------------------------------
Agit at 
first egg -0.03 0.06 0.08 0.07 

C' 

Hen-housed 
ego production 
to 273 days -0.02 -0.07 -0.11 -0.11 

Sùrvivor 8gg 
production 

-0.\09 to 273 days 0.03 -0.07 -0.11 

Hmn-day rate o-f 
egg production 
to 273 days 0.00 -0.05 -0.09 -0.11 

Ec;.',;1 ",wight 
et 240 days 0.10 -0.05 0.08 0.09 

Specifie 
gravit y 
et. 240 days -0.11 -0.10 0.10 0.10 

;, 

Haugh uni ts ~ 
et 240 deys 0.04 0.09 -0.08 0.03 

Sh.ll shape 
.t 240 deys 0.02 0.07 0.17 O.OB 

Blood spots 
at 240 days 0.04 -0.03 

" 
-0.02 0 O.OB 

------------------------------------------------------------
Number of pairs of observationsc .-152. 
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Table 68. Correlation. bat ... een .pur index (produet of len9th 
and width) of 20 month old rocsters and egg 
production ta 273 days and other related trai ts of 
their sisters CFull- sib) and dama (Dam- son) ln 
sel ected and control strains (Experiment V). 

Female 
traits 

Age at 
first .gg 

Hen-hou.ad 
aQ9 produeti on 
ta 273 deys 

Survivor .gg 
production 
to 273 daya 

Han-day rate of 
eQQ producti on 
ta 273 days 

EgQ ... aight 
at 240 day. 

Specifie 
gr.vi t.y 
at 240 days 

Haugh un1ts 
at 240 days 

Shall shepe 
et 240 deys 

Blood spots 
et 240 dey. 

Type of "train 

Selected 

Full-aib- Dam-son-

-0.13 0.11 

, 
0.09 -0.06 

0.12 -0.07 

0.00 0.03 

0.04 -0.10 

~0.15 4t' -0.08 

-0.04 0.03 

0.06 0.01 

0.03 -0.07 

Control 

Full-sibb Dam-50n b 

-0.03 

-0.02 

0.03 

0.01 

0.03 

0.02 

-0.11 

0.28** 

-0.06 

( 0.04 

-0.07 

-0.07 

l' 
-O. ~O 

" 

0.01 

0.14 

0.01 

-0.14 

Number of pairs of ob.ervations: .-152; b-233 
** P<O.Ol 

, , 

• ,1 
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V DISCUSSION 

5.1 f requenc~ of lymphoid leukosis v iru8 infection 
and its e,ffect on se.en traita and fertility 

5.1.1 Conaistency in the reaul ta of tests for LL V and 
group opeci fic v iraI antigen and frequency of 
LL V in fection 

The close agreement between the results of tests for 

LLV ln semen and the group speclflc viral antlgen ln 

feather pulp was expected. Spencer et al. (1979; 1983) 

reported a close agreement between the resu1ts of these two . , 

tests ln the albumen of eggs or feather pulps of blrds of 

the same stralns used ln this study. 
".. 

Males shedding the LLV ln semen or the group speclflC 

vlral antlgen ln feather pulps were less 'frequent in the 

stralns seleeted for high egg productlon and other related 

tral ts than ln the unse1ected control stralns. Similar , 

fi n d i n g s h a v e b e e n r e p 0 rte d b Y Spa n c e r ~~.l. (l 9 7 9; l 98 0 ) 

and Gavora et al. (1980) for females and males of the same 

stralns used thi s study. Spencer et al. (1979) and 

Gavora ~~ al. (1980) attributed the lower frequency of LLV-

s~eddlng blrds in the selected 

effect of selection for high egg 

affects egg productlon as weIl 

stralns to a correlated 

/1 
productlon. LLV ln feetlon 

\ 
as other econümle tralts 

(Gavora et al. 1980 ; Gavora and. SP.ancer 1985); thus LLV-

shedding hens tended to qe elimlnated durlng the proce~s of 

sel e c t ion for h i 9 h e 9 9 pro c! u e t ion. The ide n tif i c a t l. 0 n o@'A.Q 
d -~ 

e1lmination of LLV-shedding males has practical lmportance 

because, although sires do not contribute to vertlcal 

J 



\ • 

161 

(congenital) transmission of LLV disease. they may lead t,o 

ho riz 0 n ta l (b i r d t 0 b i rd) t ra n s mis s ion 0 f the v. i rus 101 hic h 

fr-equently results in pe);sistent 10101 level infection that 

iB difficult to detect (Spencer 1984). Furthermore. the 

culling of the LLV-shedding males may impro·.TP the fertility 

of the flock and reduce the number of abnormal spermatozoa 

in old males (Tables lSb and 18). 

5.1.2 Effect of LLV infection on se.eu traits 
, and .ale fertili ty 

l 
1 The absence of a signiflcant strain by LLV status 

interaction suggests that the effect of LLV on semen and 

fertiIlty \oIas similar in aIL strains teated. The positive 

effect of LLV infection on semen production. observed in 

this study. was unexpected. Lymphoid leukosis virus infected 

roosters and hens develop infections ln their reproductive 

1 
tracts that peraist over a prolonged period of time (Spencer 

and females 

Therefore. the reproductive proeesses of males 
...( ) 

cou l d b ~ a f f e ete d t h r 0 u g h a .w ide r a n g e ,0 f 
( 

~~. 1980). 

endperine functions. LLV infection has }>een shown to 

decrease egg production and egg q'uaIlty in hens (Gavora' et 

~..!.. 1980,1982; Payne!.E. ~..!.. 1982; Romero ~ ~.!.. 1983; and \ 

F air f u lI!.!:. ~.!.. 1 9 8 4 ). The r e for e. f rom the r e sul t s 0 f t: h i s 

study. it ,~o""hld be speculated that the unfavorable effeet of 

LLV on e g g pro duc t ,{ 0 n cou l d b e through a stress produced on 

~' the synthesis and/or release of gonadotropins (FSH and LH) 

that affect the peak of La necessary for ovulation. However. 

sperm production, being a continuous procesp. Inay not be 
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affected by the presence of LLV. It 15, therefore, possible 

that LLV may affect the reproductive proceS5es of males and 

females ln a different direction • 

• Fertl1ity of ,eggs from hene mated 'to males sheddlng 

the' LLV tended to be lower (0.2 and 3.6% lower) than t'he 

fertility of eggs from hens mated to non- shedder males 

(Table 18). Reduction ln egg fertility and hatchability of 

~ens shedding the LLV has been reported by Gavora ~ ~. 

(1980) and Romero et al. (1983). 

5.2 Effect of age ~ se.en trai ts 

Semen weight, packed sperm volume and total sperm 

weight tended to decrease with advanciug age (Figu'res 2 and 

3). This 18 a180 indlcated by the uegative regression 

coefficients of semen traits on age (Tables 19 to 24), The 

causes of reduction in 8perm production with advancing age 

i n the d-Q,m e a tic f 0 w 1 m a y b e sim i 1 art 0 t ho 8 e r e p 0 rte d i n 
f • lJ 

other s'pecies. These causes are 1) the thickening of the 
1 

basement membrane of seminiferous tubules (fibrosis); 2) 

decline in the Leydig cell population; and 3) reduction in 

gonadotropius and steroids production (Johnson et al. 1984 ; 

Meites 1984; Ottiuger ~ al. 1985). Leydig cella are the 

site"of ateroid production in the testes and a reduction in 

the number of fj,hese cells will reduce the production of 

testoBterone. LH is required for steroid production in the 

testis and testosterone and FSH are' indispensable for the 

initiation of spermatogenesls and the completion of 

maturation of spermatids to mature spermatozoa. respectively 

. l 
, t 

.. 

• 
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( 5 te i n ber 9 e r 1°9 76 ; 0 l Z e r a g a and S he r i n s 1 9 81) • 0 n the a t h'e r 

hand, fibrosis of the testes wlll reduce the supply of blood 

ta lt and thlS will affect sperm productIon. 

A reductlon ln semen and sperm productIon wlth 

advancing age has been reported ln the domest1c fowl by 

Whee1er and Andrews (1943); C.lark and Sarakoon (1967); 

Manni and' Go.odman (1969); Ansah et al. (1980; 1984b); de 

Reyiers and WIl11ams (1981); Van l'Iambeke et al. (1981) • 
..,..- --

Bakst and CecIl (1984) observed a declwe in the testicular 

sperm number and defere,ntis sperm number ln mature turkeys 

(32 to 52 weeks of age) and reported a Qegatlve relationship , 

of above traIts Wlth age (-0.32 and -0.4'6, respective1y); 

The absence of slgnIflcant strain by age interaction 

sJ.Jggests lhat the pffect of age on semen and spermatozoa 

production was similar in aIl strains tested. Non-signlflcant 

age by 

(~) 
s t raI n ,1 n ter a c t 1 0 n wa s r e p 0 rte d b y_ Ans a h ~ al. 

in two I1Oe8 of meat-type ch1ckens; oné, selected for 
, . 

fertillty of frozen-thawed semen and an unselècted control 

strain. \ 

\ '. 5.3 [ffeet of ejaculate aequence on semen ~ra~ts 

Th-e decreaae in total sperw welght wlth ejacu~.ate 

sequence was due to a reduction in ejacu1ate volume. Thls lS 

Indicated by the smaller semen weight meahs of the 8econd 

ejaculate compared wIth the first ejaculate, and the fact 

that ejaculation ln two consecutive days did/not affect 

pa c k e d s p e r m vol ume pEl r e j a cul a te.' l t l S weI les t ah lis h e d 
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that increased f~equency of semen collection,reduces semen 

volume first and concentration of spermato'zoa second (Lorenz 

et al. 1955; McCartney ~~. 1958; MeDaniel and Sexton 1977; 

Bakst and Cecil 1981; Ansah ~,~. 1984a); 

Motility score and percent motility assessed in this 

atudy tended to increase with ejaculate sequence. These 

results agree with those in the 1iterature indicating chat 

fTequent semen collections improve the quality of the 

ejaculated spermat,ozoa (Swierstra and Strain 1964;" de 

Riviera 1975; de Riviers and Williams 1981; Ansah et al. 

1984a) 

5.4 Influence ~ selection for high .=.s..& production' 
and otber related traits on aale traits 

5.4.1 Correlated responses' 1. n Bellen produc tion and 
spera 'quality 

Sel e c t ion for hi g h e g g pro duc t ion a' n d a c 0 m p ,1 e x 0 f 

economic ttaits 'has been succes~ful in increasing egg numb~ 

of the strains used in thia study (Gowe and Fairfull 1980). \, 

;' However, selection for high egg production did not change 

sem e n pro duc t ion. The 0 ver aIL r e sul t s 0 f tDh i s s t u d y are weI 1 

illustrated by Figures 2 and 3. These figures show that 

males of strain 7 tende'd to have greater semen weight, paeked 

aperm volume"and total sperm weight than males. of selected 

strains,8 and 9. AIso, males of unselected control strain 5 

tendéd to have greater sewen production than strain 3~ 

The only significant indication of a correlated 

r e s p 0 n sei n B e men pro duc t ion f rom sel e e t ion fil r hi g h e g g 

production came from the semen data of the males of 
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experiment l hatched ln 1979. In thlS exper~ment, the males 

of strain 7 (but not the males of strains 8 and 9) were used 

ln force feeding trials to determlne the total metabollze 
~ 1 

energy of Feeds (Slbbald and Morse 1983) the week before the 

experlmental data collection. A brIef descriptIon of the 
1 

feedlng trial procedure fo11ows: the males of strairi 7 (19'79 

hatch) were starved in two consecutIve days; the thud day 

sorne of the olrds were fed a small amount of Feed and aIl 

"-birds were starved again the fourth dey. On the next day the 

birds were moved to another buildlng and given one wèek 

adaptatIon perlod to th~lr new cages and envi.L'onment, before 

semen collection and evaluatlon. It is possible then, that 

this feeding regime may have had an effect on the semen 

productIon of the males of strain 7. 

The results of this study tended Lo agree wlth 

f.l n d ln 9 S 0 f Fra n k ha man d D 0 0 r n e n bal (1 972) w,h 0 r e par te a no 

d~fferences in semen volumé of two strains of Single Comb 

Wh~te Leghorns (SCWL) selected fol' hlgh egg production and 

the corresponding unselected control str'ain. The results of 

this study also tended to agree wlth the find1ngs of Marks 

(1981a) who after successful selection for packed sperm 

volume found no correlated response ln egg mass, except in 

the first generatlon of selectIOn. In turkeys" Nestor (1976) 

.' 
observed that selection for large semen volume caused fI 

correlateG! response ln egg production during the f1st 

9 e n e rat ion 0 f sel e c t ~ 0 n but no fur the r ,I m pro v e mi I n e 9 9 

production was obs~rved after this. Nesto'r (1976) (ndicated 

\ 
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that the improvement in egg production was due to a 

reduction in brôodiness of the hens. Nestor (1977), a150 in 

t u r k e ys,' 0 b s-e r v e d t h a t sel e <: t i O-n for" h i g h e g g pro duc t ion 

increased semen yield in the first generation of selection 

<lnd this difference was manta~ned after six generations of 

selection. 

The results of this study and ,those cited abovë 

fai1ed to support the hypothesis of Jones and LamoFeux 

(1942) that semE;!n and egg production are examples of 

& 
comparable genotypes in the domestic fowl! / 

Sperm quality and egg production lUay not be 

correlated with each other. This is indicated by the lack of 

correlated response of motility and the incidence of 

abnormal spermatozoa to the selection for high egg 

production and other 'related traits in the strains used in 

this study. 

5.4.2 Correlated respoooes 00 vattle, testes 
and opur lIleaspcelllents ' 

Selection for high egg production and other related 

traits tended to increase wattle index and weight. This is 

particular1y evident in the strains selected for hen- housed 

egg production, most of wh:l.ch had significantly 1arger and 
7<,,, 

heavier wattles than their respective control strains. It is 

" possible çhen that wattle size and egg production are 

fa vorab 1 y-, corre lated. 

The differences in wati:le size' between the strains 

selected for hen- h'~used egg p,roduction and t:nusè ~e!ected 

, 0 

• 
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for hen- day rate of egg production suggest that selectlorr 

for those two egg production traits is affecticg twa , 
different physiologicai mechanisms. In the strains select1!d 

1 
Eor nen- housed egg production, most of the improvement ln 

egg production was due to a reduction in the age at first 

egg. whereas the improvement in 3egg production for the 

straius selected for hen- day rate of egg productic:n was 

basically an increase in the rate of ovulatio~ (Appendix 

Tabie 31). 

The absence significant diE f e rence s in cestes 

weight between the control strai .. 7 and selected strains 8 

and 9, and the smalIe-r testes of the males of selected 

strain 3 versu'S those of control strain 5, in~icate tha·t 
'V 

testes and egg production may nat b,e correlated. This 

finding agrees with the results of Jones and Lamoreux (1942) 

who reported no differences in testes weights dt .12, 24 and 

30 week old males from two sCW)strains selected for high 

and I"ow female fertility which differed in egg production. 

The results of this study appear to cantrrdict those of 

similar investigations in mammals, where selection fore 

ovulation rate or litter size in females produced changes il1 

test.is weight of the males in the same direction as those fî1 
, 

the female trait and vice versa (Land and Falconer 1969; 

Eisen and Johnson 1981; Islam!.E. al. 1976; Joakims-'en and 

B a k e r 1 9 7 7 ; Pro u d e t al. 1 9 7 6 ; S ë hi n c k e 1 e·t al. 1 9 8 3 ) • 

However, ovulation rate in mammals and avians may bé under 
1\ 

different type s of genetie and physiological control. 

Ci 

• 
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Ovulation rate in multiparous mammals is a simultaneous 

process (a number of ova are shed at 'one time) whereas 

ovulation rate in avians is a sequentié!l process (ova are 

usually shed one at a time). 

The similar spur sizes of the selected and control 

strains found in this study indlcate chat no correlated 

resronse~ selection for hlgh egg production occurred in 

spur size of the males. Howev'er, there appear to be Some 

differences in the size of spurs of males from strains 

selected for heo- housed egg production and those selected 

for hen- day rate of egg production, although Falrfull and 

Gowe (l9LS) have recently reporced that there were no 
. 

differences in the spur length of hens of the same strains 

used ln this study. 

5.5 Rer:1tabil:1ty estiaates ~ ~ traits 

5.S.1 Reritabllity of se.en traits 

It appears that with the semen coll ection and 

evaluation technique used ln this sCudy, lt was not 

necessary to collect more th an one semen ej Ilculate for semen 

trait assessment. Except for the heritabilltles of packed 

spérm vO'lume based on dam and sire plus dam components of 

variance (Tables 40 and 41) there were no major differences 

in the heritability estimates of semen weight, packed sperm 

volume and total sperm weight based on one or the mean of 

two ejaculates. One rea130n for taking' repeated measurements 

of a trait ls to reduce the environmental variance and to 

\ 
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ob t al n b e t 't e r est 1 mat e S 0 f he rit a b i lIt Y ( F a 1 con e r 1 9 8 1 ) • 

Ho w e ver, for t rai t s w.l th hl g h rEl P e a t a b i lIt Y t the gal n 'i n 

accuracy Is expected to be very small (Becker 1975). The 

repeatability estlmates of semen welght calculated ln this 

study were high (0.65 and 0.66). They were within the range 

of repeatability eatimates (O.~.2 to 0.95) for semen vo}ume 

measured on alternate daye, twice or three tlmes a week 

(Wl 1.1 iams and McGibbon 1956; Siege land Beane 1960; Soller 

et al. 1 9 6 5 a • b ; P 1 n g e 1 and" S chu ber t 1 9 8 3 ) • The 

repeatabillties of packed sperm volume calcu1ated in this 

study (0.66 and 0.75) were similar ta those reported for 

packed sperm volume collected twice a week (Pingel and 

Schubert 1983). 

In this study, the heritabillty estimates for semen 

weight calculated from the s!-re components of variance were 

simllar to the estimates of semen volume calculated by 

Siegel (1963) and Kurbatov ~ .!.!.. '(1974). but lower than the 

her! tabil i ties es timated by Kopylo v skaya, and Cha l ov (1973), 

Soller !!. ..!l. (1965a), Pingel and Schubert (983) and Ansah 

et al. (l984b). The her1tabllity estlmates for packed sperm 

volume (0.29 and 0.38) were wlthln the range of heritability 

estlmates ca1culated by Marks (1981 b) and Plngel and Schubert , 
(1983) uslng selection and intraclas8 correlation methods, 

respectively. The hEritability estimates for total sperm 
, 

welght (0.08 and 0.13) were lower than the estimates of 

heritability for sperm concentration reported by Saller et 

al. (1965a), Chalov (1972), Kopylovskaya and Chaloy (1973), 

-, 
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Borsting (1980) and Ansah ~ al. (1984b). The heI"itabilities 

for body weight of the males of the sel ected strains Jas 
........ 

similar ta those reported by Kinney (1969). 

The low heritability estimates, based on sire 

corn p o'n en t s 0 f var i a ne e, for sem en wei 9 h tan d t 0 t aIs p e r m , 

weight suggest that these"traits are influenced mainly by 

nonadditive genetic and environmental factors. AIso, the low 

heritabil ity estimates of above semen traits may e~clude 
'. 

them as prospective traits to be used in selection for 

improved egg production. 

The heritatfllity estimates of semen weight, packed 
\ 

sperm volume and total sperm weight based on dam component's 

of variance, except that of packed sperm volume based on the 
w 

fi r ste j a cul a te, w e r e h i 9 h e r t han t h 0, s e bas e don sir e 

components of variance. This suggests that maternaI and 

nonadditive genetic effects may be important for those semen 

traiJs. However, in this study, ,the estimates of the 

proportion of the total variance diJe to maternaI effects 

plus 1/4 of the dominance effects were 8mall (m < 11%). 

Therefore, maternaI and dominance effects may explain only 

partially the discrepancy between heritability estimates 

based on sire or dam components of variance. There were, to .. 
the author's knowledge, no reports available in the 

literature on the propor):ion of the ~total phenotypic 

variance due to maternaI ef(ects. However, the inconsistency 

i n the h e rit a b i-l i t Y e 8 t i mat es, bas e d.. 0 n sir e and dam 

components of variance, for packed sperm volume, observed by 
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Pingel and Schubert (1983) indicates that maternaI effects 

may not be important for semen traits. 

Another factor that-could lead to ,discrepancies between 

sire and dam components of variance and to under- or over-

estimates10f heritabIlity is parental relafionship, i.e. 

relationship between parents (Fujishima and 'rredeen 1972). 

Heritability estimates are [10rmally estimated under the 

assumptIon that parents are unrelated. In this study, 

however, selected strains L) 3, 8 and· 9 have been reproduced 

since their origin using'28 sires and 224 dams each 

9 en e rat ion, the r e f o'r e, a ft e r' 14 t 0 30 9 en e rat ion s 0 f 

selectIon for high egg production the assumption of no 
. 

parental relationship may not be valid. Par en t a.l 

relationship may have also led to low estimates of the 

maternaI and dominance proportions here calculated. 

The larger estimates of heritability for packed sperm 

volume and body weight of the control strains versus those 

of the selected strains (Tables 40, 41 and 42) could have 
=; 

been caused by di fferences in the degree of inbreeding and 

LLV infection in those strains. The averagè coeffIcients of 

inbreeding, c'alculated ft'om pedigree records by Gowe and 
~ _ <C"!~~. 

F air fuI l (l 98 0) we rte l 0 w. The y r a n 9 e d f rom ~. 0 t 0 2 0 • 6 % 
" 

( m e a n = '1 4 • 5 % ) 
.... 
for the t 0 7:7 % selected from 0.8 and , 

(mean=4.0%) for the control strains. CorrectIons for the 

éffect of inbreeding, using Falconer's (1981) formula, 

however, did not increase the hex:itabilIty estimates of the 

control strains and only increased the magnitude of the 
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• , 
heritabilities for the selected strains by about 4%. Aiso 

. ., 
the heritability of semen weignt and total' sperm weight o,f 

the selected strains (sire plus dam components) was similar 

to those of the control strains. Therefore, inbreeding was 

no' t the -n( a l n cau seo f' the d i f fer e n c e 8 in the h e rit ab i lit Y 

estimates. Di fferences in the heritabil ity estimates of 

selected and control sJrains may also be due to lymphold 

leu k 0 sis i n f e c t ion. E f f e c t a f L L V' i n f e c t ion a n m e a n 

performance and variation of. female traits have been 

" r fri p 0 rte d b Y G a v 0 r a et!.! • ( l 9 8 3 ). l n t h i 8 9 t u d y, the 

frequellcy of LLV- sh~dding males was higher in the control 

(l8.1 ta 35.9%) t.hen i~ the se1ected streins (1.9 to 14.8%), 

',' 
However, the extent of the effect of LLV infection on the 

heritability of semen traits estimated here could not be 

assessed. Thus, tha differences between the heritabi1ities 

of 8emen traits of the control and selected strains could be 

due to LLV infection, as weIl RS to differences in 

population size and structure of the control and selected 

• 
strains. 

," 

'" 
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5.5.2 Beritabilit,. of vattle and testes velgbta 

The large heritabillty estimates of wattle CO.54) and 

testes (O.~8) Weight8 caleulated in this study indicate that 

these traits are influenced malnly by additive genes. A 

large herita~ility estimate is desirable when "surveying ;c. 

secondary traits for a potential use to improve egg 

production in chickens. 

The, heritabillty for wattie weight (0.54) estimated in 

this study 18 within the range of heritability estimates 

r e p or t e d in the lit e rat ure • Ayoub and He rat (1 9 7 5 ) , us i n g 

intraclass l!I'orrelation methods, rep'orted heritabilities for 

wattle length'of 10 week old males of 0.31 and 0.64. Ayoub 

et al. --
~ 

(1979) reported the heritab!lity O'f wattle 
(, 

length of 

22-week pullets as 0.25. The herit~bility for testes weight 

(0.58) estimated in this study was lower than the estimates 

(0.81 and 0.87, respectJ:vely) calculated in and Il day 

old chiclts by Jaap ~!!. (1961). 

Difference in the heritabilities of wattle and testes 

" weights estimated her~ and those reported in the literature, 

are probably due ta age differences, methods of estimation 

and size and structure of the populations used. 

5.6 Correlat10D8 aaOD8 aale tra1t8 

The extent and direction of corrplated selection 

responses are determined by genetic corcf!latioDs b"etween ~I)e 

pertinent traits. Genetie correlations amqng semen traits 

and between 8amen traits and body weight. ror the control 

.. 

-' 
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and selected stralns (aire plus dam components) were 

consistent in sign (Table 52). However. from the selectt'on 

point of view, the genetie correlations based on sire 

components are moat important. These genetic correlations 

are dlacussed in this section together with phenotypic 

correlations. 

The phenotypic c-orrelations of semen weight wlth 

packed aperm volume and body weight were positive but of 'low 

ma g n'l tu d e ( 0.04 t 0 o. 25), Th 1 s po s i t ive as soc i a t ion, 

however, waa due to non-additive genetic and/or 

env i r 0 n men t ale f f e ct s bec a ua e e s't 1 mat e a 0 f g en et 1 c ' 

correll(tions (based on sire components) of semen weight with 

packed aperm volume and body weight were negative (-0.38 and 

- 0 • 3 7 , r e s p e c t ive l y). The ne g a t ive g e net i c cor rel a t ions 0 f 

body weight with semen weight and packed sperm volume, 

although undesirable for broiler breeders, ia a desirable 

relationship for the egg production breeder, because, 

selection for semen production la expected to decrease body 

weight. However. if selection to improve semell production Is 

applied it should be based in both semen weight and paeked 

sperm volume be,cause ~hese traits appear to be unfavorably 

eorrelated with each other (-0.38), 

Selection for semen weight and packed sperm volume may 
• 

alao improve the motility of spermatozoa in the domestic 

fowl. This is indicated by the poaitive genetic association 

of scmen welght and packed sperm volume wlth percent 
. 

motility repôrted in the literature (Table 4). The 
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correlat,ions (phenotypi-c and genetic) of semen weight and 
\ 

pa c k e d s p e r m 1 vol ume w,i t h t 0 ta 1 s p e r m wei g h t are par t - t 0-

whole correlations; ,therefore these semen traits were 

1 

expected to be highly correlated. 

The phenotypic correlations of semen weight, packed 
r 

sperm volume and total sperm weight with motility score and 

percent motility obtained in this study were generally 

n e g a t ive (- 0 • 2 5 t 0 O. 20) wh e r e a s the cor r E;'l a t ion Bof sem e n 

volume and sperm concentration with sperm motility reported , 

in the literature are all positive (0.09 to 0.85). These 

r e sul t s cou 1 d b,c a t tri b u ~ e d top 0 P ti 1 a t ion si z e, t Y P e 0 f 

strains and species differen,ces. For example, Jones and 

Lamoreux (1942) Indicated a positive correlation between 
) 

sperm concentration and the percentage of motile spermatozoa 

,in White Leghorn chickens. The strains'of chickens they 

used, however, were selected for high a'nd low fertilitYi 

whereas the strains used in this study were unselected 

control strains and strains selected for hlgh egg production 

and other rel,ated traits. AlI other estimates reported in 

the literature (Table 3) were calculated in broilers and 

turkeys. 

The phenotypic correlations of semen weight, packed 

sperm volume and total sperm weight with the percentage of 

abnormal spermatozoa of the 1979 birds of experiment 1 were 

of low magnitude (-0.12 to 0.18). This agrees with the low 

phenotypic correlations of semen volum,e and sperm 

concentration with the percentage of abnormal spermatozoa 
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reported by Marini and Goodman (1969) and Saeid and AI-Soudi 

(1975). 

Wattle size was positively but low correlated with 

semen weight, total sperm weight, and packed sperm volume 

(0.06 to 0.1I). Tb,e correlation between·wattle welght and 

semen weight o.btained in this study was slmilar to that 

reported between wàttle index (product of wattle length by 

width) and semen .volume by Burrows and Titus (1939). In this 

study, wattle size was also positively correl-ated with body 

weight, spur size and teste,s weight, which indieatea that 

these traita are under similar environmental and 

ph Y 8 i 0 log i cal con t roI. A po ait ive ph e,n a t y il i c and g en e tic 

correla-tion between wattle length and body weight at sexual 

maturlty has been reported in puIIets by Ayoub et al. 

(1979). 

Males with large wattles had heavy wattles. This is 

ct 
indicated by the hig~ly significant and positive phenotypic 

correlations of wattle weight wlth wattle length, width and 

index 

-

(0.88 to 0.96). 

5.7 Katl •• tes of genetie correlatlous 
betveen .are ~ fe •• le traita 

In general, the genetie correlations between male 

traita and female reproductive traits for the partial and 

the whole year of egg production (273 and 497 da ys of age, 

r e a p e c t ive 1 y ) we r e con sis t en tin sig n • ,T h e r e for e , the -
discussion involvi'ng egg production and egg quality traits 

1 

will refer ta both periods of egg production unless 

.. 

.. , 
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ind icated, otherwise. 

5.7.1 Genetic correlations between se.en traits and 
egg production' and at her rela ted traits 

5.7.1.1 Methads of estilllation 

177 

The genetic corrélations between semen production and 

e 9 9 pro duc t 1.0 n est i mat e d 1 n the sel e ct e d st rai n s 0 f 

experiment III, using one way analysis of variance, based 

on Family means as the observational unit were consistent in 

8ign with the estima_tes of genetic correlations calcu,lated 

by regression methods. Also, estimates by the regression 

method using full- sib or dam- son analysis were consistent· 

• in sig n • Di f fer e n ces ln t he ma, 1 t u de 0 f the g e n e tic 

correlations estimated by the variaus methods may be due ta 

the large standard errors assoèiated with this type of 

estimates and to dlfferençes in population size. 

No corrections for parental r,elationship Were 

nec,essary for \the genetic correlations estimated by 

intraclass correlation.method'because the coefficients of 

,Q, relationsh,ip cancelled each other in this typ.e of analysls 
,,' 

(Becker 1975), The genetic correlations estimated by 

regresslon methods (dam-son and full-sib analysis) were 

estlmated using the coefficients of relationship of 0.72 and . . 
0.76 obtalned for the control and selected strain~ used in 

this study. The use of a coeffic~ent of relationship of 0.5 

for parent- offspring or fu11- sibs analysis could have lead 

• a 
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to over- estimates of the genetic correlations. The g'enetic;: 
, , 

c,orrelations estimated ln this stu'dy may be over-estimated 

if sex linked effects were important.' 

5.7.1.2 Genetic correlations between se.en 
traits and egg production 

-
The f'"g en e tic cor rel à t ion s b e t w e e n sem en and e 9 9 

production for the control and selected strains *re in 

a 9 l'ce" e men tin d e pen den t 1 Y Q f the t y P e a fan a 1 ys i s. 

Differences in the magnitude of the estimates of genetic 
, " - , 

correlations mey obe due to differenc~s in the population 

s i z e and s t rue t ure, d i f fer e n ces i n g en e f r e que ne y a f the' 

tantral and selected strains andblarge standard ~rrors. 

The genetic cifrrelations of semen traits with age Bt 

first egg and egg production were unfa:vorable; Le. the 

greater the semen produced, the later the age the puliets 

~,ill start laying and less eggs will be produced. Theae 

findings were very surpris,ing because, as, mentioned earlier, 

LH B,nd FSH control ovulation and semen production in 

chickens (Sturkie 1976) and these hormones are under similar 

genetic control (Land 1973). One possible explanation ~or 

this result could be that the complement of autosomal genes 
:1 

controlling a quantitative trait (e.g., semen or e gg ) 

production) may be expressed differently depending on) 

whether the genes are expressed in '-the male or female 

env ira nrnent. The 'lnternal physio1ogica1 and external 
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env i r 0 n men t 0 f r 00 ste r san d he n s m a y d 1. f fer con s 1. à e 'r ab 1 Y 

(e.g. the. type and quantity of hormone present. l1ght regime 
tI 

etc.). Sharp (1975) has r~ported that males have higher 

levels of LH than females; therefor,e, a sex by genotype 

interact1.on 1s possible • 

Another pos.sible explanation could be that although 

. "'-
lIIany of the structurai genes 1.nvolved in felllaie reproduction 

(e.g. the genes for FSH, LH, progesterone, testosterone and 

estrogens synthesis) are present al so in mal~s. these genes .• 

r~pr~sent only a sllls11 fraction of the hundreds of genes 

t~at control Ilgg and semen product1.on. Regulatory genes may 
, ( 

play a role in the synthe81.s j of these hormones, and their 

f r e que n c y ,II a y t> e d 1 f fer e n t 1. n mal e 8 and f e mal es. For 

example, the synthesls of steroid hormones 1.n males and 

females has the same biosynthetic pathway ( Figure 4). Both 

III ale san d f e Il'a 1 es pro duc e pro g est e r 0 ne. tes t 0 ste r 0 n e and 

estrogens. However, the genes controlling the production of 

,testosterone are more active in males chan 1.0 females. 

Similarly. higher level.s of progesterone and escrogen,s are 

found in female blood plasma than 1.n males. Theiefore, a 

negat1ve or zero correlation' between semen and egg 

produ~tion could be expected •. 

The unfavorable relationship between semen and egg 

production obtained in chis study is further supported by 

the follow1ng findings: 

1) lack of correlated response in semen production to 

selection for high egg production in the strains studied. 
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2) LLV d1d not affect semen production of roosters, 

although it has been shown to reduce egg production of LLV-

shedder hens (Gavora !!!.!. 1980). 

Th1e results of this 'study on the relatlonship o'f 

semen and egg productl~n traits tended to agree with 

fin d 1 n g sin t ,h e 1 i ter a t ure s u p po r tin gaz e roc 0 r rel a t 1 0 n 

between these traits (Pingel and Schubert 1983; MymrlIi 1972; 

Stenova .!! al. 1983). Thua, ln general,'lt can be stated 

that seman and sperm production are not good indicators of 

the potential of females for high egg production. 

5.7.1.3 Genetie correlations of seaen traits vith 
egg weigbt and egg quality traita 

.,. 
Female relatives of males which produced large semen 

weight and had greater total sperm weight at 8 months of 

age, ténded to produce larger "eggs. , This 'is indicated by 

tb~ positive genetic correlations of semen weight and total . 
sperm welght with egg weight (0.02 tb 0.36); and, by' the 

c cl n s 1 s' t e n è y 0 f the 8 1 g n 0 f the g e net i C cor rel a t 1 0 n s 

calculsted by intraclass and regression methods. Therefore, 

selection for semen weight or total sperm weight may 

increase egg size in chlckens. However, selection for semen' 

welg~t or total sperm weight in turkeys may not increase egg 

si~e. This' ls supported, by experimental results of Nestor 

(1976), who observed that selection for semen yield resulted 

ln an increase in average egg we1ght in the first generation 

but no fur~her improvem~nt throughout the sixth generation 
" 

of selec.tion. Also,' Kopylovskaya et al. (1980) have 
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indicated that semen yield of toms and egg weight of thelr 

slbs were uncorre l ated. 
J 

The :"enetic corre l ations be tween packed s perm vo l ume 

and egg weight tended to be positive (0.00 to 0.26), however 

the correlations, for the control stra1ns, between packed 

sperm volume and egg weight assesaed at 240 days werj! 

negative (Table 54)~ Thua, packed sperm volume and egg 

weight may be genetically unrelated'. This la supported by 

the experimental evidenee of Marks (1981a), who observed no 

correlated changes in egg weight after three generations of 

selection for high packed sperm volume. 

In general, the genetic correlations of semen traits 

with egg quality traits were inconsistent and mostly of low 

magnitude; therefore, selection for semen traits ls not 

expected to change egg quality. 

5.7.2 Genetie correlations of testes and .attle 
aeaanreaenta vith egg production and other 
related traits ... 

The low and mostly negative genetic correlations 

between testes weight measured at lA months of age and egg 

production are consistent with the lac~ or negative 

correlations of semen traits and egg production. Also. the 

estimates of genetic éorrelations between testes weight 

measured at 29 months' of age and egg proM'ction were 

inconsistent between control and selected strains. This 

indicates that testes weight may not be a good indicator of 

female potential for high egg production. 

The unfavorable genetie correlatio~s between' testes 
" 
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weight and egg production found in control strains used in 

this study, appear to contradict the restlts reported in - ., 
mammals, which suggest a positive correlation between testes 

size and ovulation rat~ and litter Bize (Land and Falconer 

1969; Land 1973; Islam et al. 1976; Joakimsen and Baker 

1977; Eisen and Johnson 1981). Eisen and Johnson (1981) 

reported a genette correlation of 0.42 between testes welght 

and litter size in mice. Islam ~.!..!. (1976) estimated the 

genetic correlation of testes weight and ovulation rate of' 

primiparous and, nulliparous m:J,ce as 0.50 and 0.25, 

respectively. However, as mentioned earlier, ovulation rate 

in mammals and avians may be under different type ,of genetic 

and phyaiolog4cal contr91. 

In this study, wattle weight and size measured on 14 
1 

month old roosters were favorably correlated with egg 

ptoduction of thei'r female relatives. This reBult together 

w i t h the f a· c t th a t wa t t les i z e i8 e a sil Y me a 8 ure d, i t i s no t 

sex limited and had a high heritabl1ity Indicates that 

selection for wattle size measured at 14 months of age cquld 

increase egg production. In addition, wattle size can be 

measured at an early age and could be used as a pre-

selection trait. 

Wattle size and weight measured at 20 and 29 months of 

age, respectively, were mostly negative but low 

correlated with egg production. These results suggest chat 

wattle size 18 controlled by somewhat different 

physiological systems at 14 and at 20 and 29 months of 
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age. 

Favorable correlations between comh size (another 

secondary sex trait) and egg product~on have been suggested 

by Pasvogel (1953) and pasvog~l ~ !.!. (1951). Also, Ayoub 

and Kerat (1975) reported the correlation of wattle length 

"'---of 10 week old roosters with egg production of their full-

or half- sisters, as 0.21 and 0.13, respectively. They also 

observed no conaistency in the sign of the genetic 

correlations of wattle length and egg production across 
V 

years. Nevertheless, the positive correlation between wattle 

length of males and egg production ?f their full- and half­

sisters (0.21 and 0.31.1 respectively), and the negative 
\ 

genetic correlation (-0.53) between wattle length and age st 

sexual maturity repo~ted by Ayoub and Merat (1915), Buggest 

a p o'a i t ive cor rel a t ion b et we e n wa t t leI en g t han d e g g 

production. 

Th'e results of this study and those from the 

literature appear ta indicate that it may be possible ta 

. 8chieve more rapid genetic progress, by selecting for wattle 

size, than' selecting by egg production alone. One condition 

under which indirect selection ia expected to be auperior to 

direct selection is when the secondary characteristic (in 

this case wattle size) has a higher heritability than the 

desirable characteristic (in this case egg production), and 

th'e genetic correlation between the two ia highj i.e. 

h 2
e <h 2

w rg (where:' h 2 e and h 2
w are the heritabillties of egg 

production and wattle size, respectively and rg i8 the 

• 

1 

1 

1 

.. 

1 

1 
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o ) 

genette correlation betweeq those two traits). 

Substituting, ln above formu'la, the values of the 

heritability of wattle welght (0.54) and the mean of the 

genet1c correlations between wattle weight and hen-housed 

e g g pro duc t ion t 0 4 9 7 d B Y s ( 0 ."4 0) est 1 mat e d 1 n t h i s s t u d y 

and the heritability of egg production (0.20) estimated by 

Gowe ~ ~!. (1973) it can be observed that the response of 

egg production by indirect selection for wattle weight is 

al1ghly greater than the expected genetic gain by selection 

for egg production. i • e. , 0.20< 0.54(0.40)- 0.22,. 

Further genetic gain would be expected by increasing the 

intensity of selection for wattle size at an earlier age. 

The genetie gain in egg production by selecting males with 

large wattles may result from a reductlon in age at first 

egg, as weIL as from an increase' in the rate of eg" ., 

production. This ia indicated by the favorable genetic 

correlations of wBttl~ w~ight or Bize with age at first egg 

( - 0 .1 7 t Q . - 0 • 4 3) ,.n d he n - d a y rat e 0 f '- e g g pro duc t ion ( 0 .0 5 

to 0.55). 

Femal~ re~atives of males with large watt les tended to 

mature at an early age. This is"indicated by the negative 

correlation of wattle welght or Bize measured on the 14 

month old males with age at first egg~ A favorable genetie 

correlation between these traits (-0.53) was reported by 

Ayoub and Herat (1975), who proposed the use of wattle 

length of males as a criterlon of selection for age at 

sexual maturity and egg production in females. 
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Female relatives of males with large wattles tended' to 

produce smaller eggs. This is indicated by the unfavorable 

geneti~ correlations of wattle weight ~r size with egg 

weight (-0.16 to -0.48). However, in commercial egg 

production. selection is d~e on a complex of economlc 

traits (number, welght and quality of the egg, as weIl as 

fertl1ity). Therefore, the unfavorable effect of wattle 

weight or size o~ egg welght could be overcome by the 
! 

selection on ~gg weight. Selection for large wattle8, on 

the other hand, 18 not e~pected to change egg quality 

because wattle size and e~g quality traits appe~r to be 

unrelated. This is indicated by the low and usu..ally 

inconsistent genetic correlations between wattle aize and 

egg quallty traits. 

The slgnlficant and positive correlations bet~een spur 

length aud index of males and shell shape of their full-

slstera and dams, observed in the control strains lndicate 

th a t 8 e 1 e c t 1 0 n for 8 pur s i z e m a y 1 n crea a e the 1 e D g th t 0 

wldth ratio of the egg. However, this reault may have 

occurred by chance because the ~orrelations for the selected 

strains were low and not slgnlflcant. 
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VI SŒKKARY ABD CONCLUSIONS 

Selection to improve egg production in chickens is a 

long and costly process. Males are commomly selected for 

high egg production based on their full- and half- slsters' 

performance. Selection based on correlated trlJits, meadured 

directly on males, as weIl as the performance of female 

relatives could increase the efficiency of selection for 

high egg production. Therefore, the main objectives of this 

study were to ob tain estimates of genetic c?rrelations of 

male semen traits, testes and wattle weights with egg 

production, as weIl as to examine the influence of selection 

for high egg production and other related traits on semen 

traits, testes weight and wattle and spur size. Secondary 

objectives of this study were 1) to obtain heritability 

estima tes of seute-n traits, testes weight, w·attle weight and 

genetic correlations among semen traits; 2) to examine the 

frequency of lymphoid leukosis virus infection and its 

effects on semen traits and fertilitYj and 3) to examine the 

effect of advancing age on semen production. 

From this study the following conclusions were drawn. 

\ 
6.1 Genetic correlatioos of se.en traits. vattle 

and testes aeasure.ents vith egg production 
and otber related traits. 

6.1.1 Female relatives of males that produced greater semen 

weight, pac~ed sperm volume and total sperm weight at 8 

months of age matured later and produced fewer eggs. This is 

indicated by the unfavorable genetic correlations of the 

above semen traita with age at first egg (0.03 to 0.40), 
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he D - hou s e d e g g pro duc t ion (- 0 • 6 0, t 0 0 • 0 4 ) , sur v i v 0 r s e g g 

production (-0.08 to -0.60) and hen- day rate of egg 

production(-0.3~ to 0.14). Therefore, semen production is 

not a good indicator of female potential for high egg 

production. 

Female relatives of male~ that produced large amounts 

of semen and spermatozoa at 8 months of age tended to 

produc~ larger eggs. This is indicated by the favorable 

genetic correlations of semen production with egg weight 

(0.02 to 0.36). Therefore, semen traits may be of assistance 

in selecting for large egg size. However, elCcept for semen 

weight, the 'favorablê relationshlps of packed sperm volume 
"-

and total sperm weight tended to disappear with age of the 

males. 

6.1.3 There was, in general, no consistency in the results 

of the genetic correlations of semen traits and egg quality 

traits. In addition, the estimates of the genetic 

correlations were of low magnitude. Therefora, selection for 

semen production is not expected to change egg quality. 

6.1.4 Female relatives of males with large wattles at 14 

months of age matured earlier and tended to produce more 
, 

eggs. This is based on the favorable genetic correlations of 

wattle weight or size with "age at first egg (-0.17 to -0.43) 

and egg production (0.05 to 0.55). Therefore, wattle size 

measured at 14 months of age could be of assistance in 

selecting for high egg production. The genetic correlations 

of wattle size of males measured at 20 montha of age and egg 

1 _ 
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.produl...tion ,wer' generally inconsistent in signe .. 

6.1.5 Feolale relatives of males with large wattles tended 

to pcoduce smaller eggs. This is indicated by the" 

unfavorable genetic correlations of wattle weight or size 

with egg weight(-O.16 to -0.48). The genetic correlations 

between wattle size and egg quality traits were mostly low 

and inconsistent. Therefore, selection for wattle'size alone 

may decrease egg weight and maintain unchanged the shell ang 

albumen quality of the egg, the shape of the egg and the 

incidence of blood spots in the egg. 

6.1.6 The genetic correlations between testes weight 

measured on 14 and 29 month old males and egg production 

and other related traits for the data of the control and 

selected strains were mostly inconsistent. Therefore, 

selection for testes weight 18 not expected to increase ègg 

production. 

6.1.7 Selection for high egg production and a complex of 

economic traits did not change semen production. This is 

indicated by the similarity of the mean semen traits of the 

selected and control strains used in this study. 

6.1.8 The result~ of thls study on the genetic correlations 

of semen production or testes weight with egg production 

contradict those found in mammals, where selection for 

ovulation rate Increased testes size and vice versa. 

lheref~re, it may be some genetic and physiological 

differences in the control of ovulation in mammals and 

avians. 
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6.2 EstiMation of genetie para.eters of aale traits. 

6.2.1 The low magnitude of the heritabil ities for semen 

weight and total sperm weight (0.08 to 0.18) indicates that 

these traits are controlled mainly by non-add~tive genetic and 

env ironn:!ental' factors. The heritabillties for packed sperm 

volume were moderate (0.29 to 0.30) 

6.2.2 OnE7 semen ejaculate appears to be sufficient to 

estimate the heritabili,ty of semen traits.- This is indicated 

by the similar magnitude of ihe heritability estimates of 

semen traits, partic-ularl y semen weight and total sperm 

weight, based on one or the meari of two semen ejaculates. 

6.2.3 MaternaI effects are not very importa'"!t for semen 

traits. This is supported by the low matern'ar and dominance 

ratio of the total phenotypic var~ance est~mated for semen 

traits «0.11%). This ratio, however, may be under- or over 

estimated because the parents used in this studywere·'related. 

6. 2. 4 The h i 9 h he r it a b il it y' est i mat e s 0 f tes tes and wa t t 1 e 

weights (0.58 and 0.54, respectively) indlcate that these 

traits are controlled mainly by additive genes. 

6. 2.5 Mal es w i th, 1 a r 9 e b 0 d Y wei 9 h t te n d e d top r 0 duc e m 0 r e 

semen. Thls is indicated by the positive but low phenotypic 

correlations between semen traits and body weight. However, 

selection for body weight may reduce semen productlon 

because the genetic correlations between semen traits and 

body welght were np.gative (-0.33 to -0.67). This negative 

~~~iation between semen tra~ts and body weight may be 
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the broiler breeder. 

6.3 Freqaency of ly.phoid leako8i8 viru8 (LLV) infection 
and its effect on se.en traits and fertilit~ 

The results of tbe tests for LLV in semen and group 

specifie viral antlgen in feather pulps -were con~istent. 

The frequency of LLV-shedding males was higher in' the 

control (18.1 to 35.9%) than in the strains selected for 

high egg production (1.9 to 14.9%). 

6.3.2 Hales shedding the LLV or the group specifie viral -

antigen tended to have lower fertility, and higher incidence 

o f ab n 0 r m'a l s p e r mat 0 Z 0 a a toI der age s t han non s he d der s • _ 

Therefore, culling of males carrying the LLV may reduce 

horizontal transmission of the disease and improve fertility 

of the !,lo·ck. 

6.3.3 Hales shedding the LLV or the group specifie viral 

antigen tended to produce more semen and spermatozoa. 

Results in females showed that LLV infection decreased egg 

production (Gavora .!!...!.!.. 1980). Therefore, the findings in 

"this study suggest that LLV infection may affect the 

reproductive processes of males and females in a different 

direction. 

6.4 Effect of age on se.en production. 

Semen weight, packed sperm volume and total sperm 

weight tended to decline with advancing age. Therefore, more 

males will be needed when they are intended to be used over 

a longer perlod of reproduction. 
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6.5 Rffect of ej .cul.te sequence on se.en producticm. 

Semen weight, b~t not packed sperm volume, decreased . 
with 'ejaculate sequence. Therefore, the reduction in total 

sperm welght of ~he' fiI;'st ejaculate compared with the 'secon.d 

ejaculate was a consequence of a reductlon ln semen weight. 

Sperm moti11 ty t"ended to increase wi th ej aculate sequence • 

. . 

o 

" 
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• 
VII STATEHENT OF ORIGINAlITY 

To the best of the ,author'a knowledge, the following 

in f 0 rm a t ion e 0 n ta in e d in t hi a the si a con s t it u te a an 0 r i gin a l 

contribution to the scientifie literature. 

1)' The estimation of genetic correlations between sex 

l i mit e d t rai t s b y reg r e a a ion met h 0 d s wa san 0 r i.g ln a l 

approach. The resulta obtained by this method were 

consistent with thOSB uaing intraclasa correlation. 

2) This ia the firat study ta report genetie correlations 
j 

between sem en and egg production for seleeted and control 

5 t rai n s • 'f" u l 1- a i ban d d a m- son cor rel a t ion a h a v e . b e e n 

repprted in the literature. The genetie ~orrelations of 

semen weight, paç:ked aperm volume and total aperm weight 
, 

with egg weight and' other important egg quality traits are' 

al sa reported for the first time. 

3) This is the firet report of the genetie correlation of 

wattle weight and aize with egg prOduction. Ayoub and Herat 

(1975) indicated that the genetic cori'elations between .. 
wattle length and egg production were inconaistent with year 

{} 

of hatch, but they do not report the values of the 

correlations. 

4J In this atudy, genetic correlations between testes 
.. 

weight and egg !lro/duction and egg quality tr,aita were for 

the first Ume obtained in chicke!ns. " 
'Y 
j 
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5) This is the first study ta report the heritability of 

total sperm weight and the genetic relationship of total 

sperm weight w~th semen weight and packed sperm volume. The 

proportions of the total variance due ta maternaI and 

environmental effects were estimated for first time for 

the se trai ts. 
. 

6 ) Th i sis the fi r s t st u d ~ t 0 e x ami net he e f f e c 't " a f L L Von 

semen ~nd sperm production and on male fertility. 

'7) This is the first report on the effect of age on semen 

pro duc t ion 0 f s t rai n s f r am a Ion g, te rm sel e c t i a n for the 

improvement of egg stocks of poultry • 

.. 

" 
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THE COMPUTATION OF THE GENETIC CORRELATION OF SÉX 
LlrlITED TRAITS BV REGRESSION METHODS. 

The genetic correlations of sex limited traits, can be 

calculated from the correlations of dam- son, fuII-Slbs or 

half-sibs, using simple algebric manipulation. In thlS 

section, the formulae ta ~alculate genetic correlatlons of 

sex limlted traits are qlven for the following SItuatIons: 

1) the correlation of male and female traits based on 

lndividua~ observations; 2) the correlati~n of male and 

famal. traits b ••• d on f4mily means a~ the observationaI 

unit: and 3) the correlatiQn of a male trait value and the 

mean value of his female relatives. 

1) The correlation of a male trait (e.q. testes slze) with a 

female trait (e.g. egg production) baseq on individual 

observations is givan by, 

( 1 ) 

where: r. is thl!P correlation, of male(m) and femaleCf) 

traIts; Covo is the covarIance of the pertinent tralts; and 

S~m and s~~ denote 'the 5quar~ roots of the phenotyplC 

variances of mala and female traits, respectlvely. 

Assuming no environmantal affecta and that only 

additive affects are important, 

(2) 

W'lerel a is the cOlifficiënt of relationship; and Cov .. lS the 
1 

genetic covariance of male and female traits. From (1) and 

(2) 

r.= a Cov~Cm.f)/(s~m s~~) " (3) 

\ 
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Multiplying the numerator and denominator of formula (3) bv 

SA~ and SA+. the square roots of the additive varlance of 

male and female traIts. respectlvely; formula (3) reduces te 

r.= a rQl hen h .. 

from abova formula the genetic ,correlation (r Q ) of two sex 

limlted traits can be calculated as: 

where: hm and-··h ... are the squ"r:e roots of the heritabilitles 

of male and female traits, respectively. 

The genetic correlation of male and female sex limlted 

traits ba~~d on family means as the ob~~vational unIt can 

be calculated as folJows: 

wherel r. is the correlation of relatives of different sex 

basad on family mea~v.lu.g; Covp(M.F) is the covariance of 

male CM' and fem.le (F) traits based on family means; and SM 

and SF are the square roets of the phenotyplC varIance of 

male and female traits, respectivaly. 

Asauming no environment.l etfects and that only 

additive effect. are important, 

(4) 

because the ~ovari.nc. bagad on me.n values is equai to the 

covariance based on individual observations; ). • e. , 

== l/nm ÇCov(M •• F.) + Cov(M,.F2' 
COV(M2,F,) + ••• + Cov(Mn,Fm)] 

+ ••• + 

= Cov CMn, FnI ) , 
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Cov(M.F) = nm Cov(M •• F,)/nm= CoveM,F) 

However.the variance of a me an S2M is different from 

the variance of individual observations S2~. i.e., 

1 

S2~= (1+(~-1)tm)s2m/n; as shown below 

the intraclass correlation (t) i9 equal to: 

(l3) 
, 

From (A' and (8' w. haves 

• (lIn + (n-l)t/n)s2_ (S) 

From (4) and (5), ,we have. 

multiplying the numerator and d.nomina~or by the square 

roots cf the additive variance of malR and femala traits 

Thi. is the Qeneral ~crmula to .stimate genetic 

corrRlations, from which other particular cases derive. 
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For the case of the Qenetlc correlation of a male trait 

<individual observation) with the me .. n trait value of his 

female relativa.i.e, whan nm-l 

1 
1 

ro. rs[I+(m-!)t ... /m]1'-:Z/a h ... h,.. 

.' 

1 , 
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---------------------.-------------------------------

Chick 
Starter 

Ration 

otta ... a 
aro .... r 

~ , 

Otta ... a 
Hatching 

-------------------------------------------~--------

Total 
M.taboliz. 
en.r;y (1"I.1/l<g) 12.1 12.3 11.9 

Pratein 
(N )C 6.2e)g/Kg 18.2 13.1 15.5 

Ly.ine(g/Kg) '1.6 5.6 7.8 

Methionine + 
cystine (g/K;) 6.2 4.6 5.4 

Calcium(g/Kg) 6.0 6.0 28.0 

Phosphorou.- 3 3 4 
" , , ---------------------------------------------------

,. 30'% of pl ant phosphorou. ...a. a •• umed to be 
av.nable. 
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Appendh Table 2. P.re.ntabe, with respect ta the total number 
1 

Exp.riment 

III 

IV 

v 

VI 

of ob.ervations, of sem.n data .)(cluded for 
v.,-i,ous reasons from th. stati.tical analy.ia. 

Percentag. of 

siëk----Nervo;:;;----ëaa-------Në---;------
birds birds 1 .amples2 semen Total 

0.002 4.36 4.00 1.0~ 9.41 

0.003 s.oo 0.74 6.30 

0.002 1.30 6.32 

0.07 0.01 0.13 4.85 . 

Total 
Number 

of data 

3344 

1206 

800 

c 640 

1 P.re.ntag. of m .. le~ that di d not respond ta the ej acul ate 
tr.aining. 

2 S.m.n .ample. contaminat.d with faeee", urate or blood. 

, 



Appandhc Tabl. 3. "'al. trait. m.asurad in •• ch 
Ineperiment. 

Exp.riment 

~:~:_~::~~-------~-----~~----~--~~------~-----~~-
Semen 
weight(mg) Va. 
Packed .perm 
volume<%> Vas 
Tot .. l .perm 
waight<mg) Va. 
Number ef 
.permatezaa/ml 
he 10·) Va. 
Number ef 
.parm411.toza. 
per • j acul.ta 
he 10·) Ve. 
Metility 
score Va. 
Percent 
metility Ve. 
Abno,..mal 
.p.rmatozoa(%) Ve. 
Te.te. 
weight Cg) Ne 
W.ttla 
.iz. (cm) No 
Watt 1 a 
waiQht Cg) No 
Spur .i za (cm) No 

( -

Vas 

Ves 

Ves 

Ne 

No 

Vas 

Va. 

No 

No 

Ne 

No 
No 

Va. 

VaIS 

Vas Vas 

No Na 

1 No No 

Vas No 

Va. No 

No No 

No No 

No No 

"-
Ne No 
No Ne 

Ves 

Ves 

Vas 

No 

No 

No 

No 

No 

No 

Va. 

No 
Va*,-

Ves 

Ves 

Vas 

No 

No 

No 

No 

No 

V •• 

V •• 

VilS 

Ne 
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Appendix Table 4. Numb.rs of males ashedding the 
~ ymphoid leukosis virus into .amen 

(E>Cfil.rim.nt 1). 

Lymphoid 
leukosi. 
.tatu. 

NON­
SHEDDERS 

SHEDDERS 

TOTAL 

V •• r of hatch 
(Ag. t n month.) 

1979 (23 Mo. ) 1980 ( 1 0 Mo.) 

7 

45 

24 

69 

8 

• 

24 

4 

28 

9 

• 

22 

4 

26 

7 
c 

25 

14 

39 

8 
's 

18 

2 

20 

9 
s 

20 

o 

20 

.. 
TOTAL, 

154 

48 

202 

* c· un.el.cted control strain, .- •• lected .train 
M.l •• w.r. test.d for LLV by the Phenotypic 
mi>c i,ng t •• t. 
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AppRndi~ Table 5. Numbers of males shedding the lymphold leukosis 
viru& into fe~t~er pulp~ of selected and control 

- , 

Lymphoid 
1 aukosi a 
st.tus 

NQN-

SHEDDERS 

SHEDDERS 

TOTAL 

NON-
SHEDDERS 

1 
s* 

~'5 

1 

26 

39 

strains (EHperiments Il .nd IV). 

2 3 
Si ID 

26 25 

0 1 

26 26 

37 37 

o 
Stt-';';" number ,;and typ. 

4 
lEi 

5 
c 

7 
c 

EXPERIHENT II 

24 55 50 

0, 14 16 

24 69 66 

EXPERIMENT IV 

37 58 68 

8 
s 

27 

° 
27 

39 

9 
s 

25 

1 

26 

37 

10 , TOTAL 
c 

51 308 

20 53 

71 361 

55
é 407 

SHEDDERS 1 3 1 1 22 14 1 Ù 18 S3 
/ 

TOTAL 40 40 38 38 80 82 40. 37 f73 460 
--------____________________ ..: ____________________________ J ___________ _ 
* CD unselected control straln; s= sel~cted stra~n. " 

,Semen tested for the presence of th~ group speclflc ~tlgen 
by the complement f1 xatlon test '0 " ~ 

~~ 

N 
N 
\0 



Appendbc Table 6. Hierarchal analysts of variance based 
on i ndi vi dual val uas wi th ex pec:ted 
mean squares. 

---~-----------~------------------------------.----------

Boure •• 
Degr •• s of 
fr •• dam 

... 
E>cpected mean 

aquare. 

----------------_.!._------------------------------------
Btrain 1-1 MSL Not relevant 

Bire within 

230 

• train s-1 MS • S2_ + k:;z S:Zd + k:s 52. 

Dam within 
sir. d-a MSD 52""" + k 1 5 2

c;1 

ProCjJeny 
within dam N-d MS .. 52 .. 

I-number of .train., a- number of sirea, d-number of 
dama. N-totÀl nUlllber of proCjJ.n~ 
MS ..... " MB., MBD and MB .. - M.an squares of str ai n, sÙ'1t 
within .train, dam within air. within atrains and 
and r •• i dual, r •• pec;t i vel y • 
• :z .... _th. r.aidual companent of variance, a 2 .. _ th. dam 
campan.nt af varianc., S2._ th. air. camponent af variance. 
k'1- (N - E C E n:Z • .JIn ... ) 1 (d-a) •• 
k:Z_ CEEn:a .. ~/n,. - tln::ll .. ~/N) 1 (.-1) • 

k~-CN - E n:a,./N)/(s-l). 
n .. ~-numb.r of prag.ny/dam, n ... -numb.r of prog.ny/sire. 
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Appendix Table 7. The genatic and environmental interpretation 
of th. co.pon.nts of variance. 

---------------._---------------------------------------------c 

Varianc. 
campan.nt. CovarIance VA Va VAA VAD Voo VM v"'-

S2. COVH"" 1/4 0 l/lb 0 0 Cl 0 

."'." CavFa-CoVHe 1/4 1/4 3/1ô llô 1/16 1 0 

t) 

&"'- S2p- Cov ..... 1/2 3/4 3/4 7/8 15/16 0 1 

, .:;Z.+1i2 .,. Cov.,.", 1/2 1/4 1/4 - 1/8 1/16 1 0 

-------------------------------------~-----------------~------

5 2
• 0 sire component of variance; s·~= dam component of 

vari.nce.s2 
.... =residualj s"'-patctill variance; CovHe=covarlance 

of h&lf sib1i; COV'-H= covariance oi full sibs. 
VA = additive varIance; VD = dominance variance; 
VAA=.additive by additIve variancejVÇ>r>=addltive by domInance 
variance, Von= domInance by dominance varIance. 
VM= maternal varIance. V~= envlronmental varIancE. 

N 
W 
---' 
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Appendix Table 8. Single pair mating a~aly.i!5 of 
based on indi~idual ~alue5 with 
mean ~ua,..s. 

~ari Ance 
Bxpected 

St,..i n 

Amano mati nOIl 

Amon.,.. p,.og.ny 
wi thi n mati no 

Degr •• s of 
f,. •• dom 

1-1 

m-l 

N-m 

l1.an 
square. 

MS .... 

Ex p.cted mean 
square. 

NQt rel evant 

" , 
1- numb.,. of st,.ains. m-numb.r of matings. N- total numb.,. 
of individuals. MSL, MS .... and MS .. - m •• n sqûa"l!!5 of .trains, 
~atinQ. and residual, r •• pectiv.IYJ .3w _ the ,. •• idual 
compon.nt of varianc., 5 3

0 _ th. ;.n.tic group compan.nt of 
varianc •• 
k- (N --- E n2~ IN) 1 (m-1). n .. - numb.,. of indi viduals w'ithin 
th. ith mating. 
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App.ndix rable 9. Hi.rarchal analysi5 of covariance ba.ad on 
individual value9 with .~pected mean crOS9 
products. 

SOUP7é: •• 

D.or ••• o-f 
fr •• dam 

M.an cross 
produc:t5 

Exp.cted m •• n 
cros. products 

-~---------------------------~---------------------------------

Strain 

Sire wi thin 
strain 

Dam within 
sir. 

Prog.ny 
within dam 

1-1 

d-s 

N-d 

, 

Not relevant 

MCP. 

MCPD Cov", + k" CavD 

MCP", Covw 

----~-----------------------------------------------------------

I-numb.r of strains, .- number- of .ir •• , d-number of dams; 
N-total nuftlber of proCilenYJ MCPL, MCP., MCPD, MCP~. l'1e.n crOS9 
product. of strain, .ir. within .train, da,.. within air. 
within .train and residual, r •• pectiv.ly. 
Cov., Covo, Cov ... - sir., dam and r •• idual campon.nte of 
covarianc •• 
k 1 - CN - lIE ( E n::Zt. .j/n .. _ ) 1 (d-a) • 
k:z" «(EnZ a ..j ln... - ((n 2 .. .J IN) 1 (5-1) • 
k::s-(N - E n:Z~./N)/(.-l)' / 
nS.J-number of progeny/dam; n .... numb.r of progeny/sire. 
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. Appendix Tabl. 10. Single pair maUng. arïalysis of 
ba.ed o~ indi vidual values wi th 
m.an cro •• products. 

covari ance 
expected 

Source. 

Strain 

Among matings 

. Among prog.ny 
wi thi n mati nQ 

Devr ••• of 
fr •• dom 

1-1 

m,..l 

l'1.an cro •• 
products 

MCP,-

MCPM 

MCP .. 

Expet:ted rn.an 
tlquare!5 

Not relevant 

COVw + k COVt!I 

COVw 

1- number of .trains. m-numb.r ooi mating •• N- total number 
of individual •• MCP~, MCPM and MCP"-mean cross products 
of .train, mating within strain and r •• iduAl, r.spectivaly. 
Cov .. and Covw. compon.nts of covariance of gan.tic group and 
r •• idual r •• pectiv.ly. 
k- (N - 1: n:a .. /N)/(m-l). n - number of individu"d. within 
th. i-th ",atinQ. 

/ 
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App.ndi~ Table 11. The genetic and enviranmental interpretatian of the 
campanent. of covariance. 

, 
-------------------------------~--------------------------------------
Campan.nt a-f 

cavAriAnc. Cav ... CaVD Cav ....... CaV .... D CaVDD Cav" CoVE 

-' 

"v' 

~ 
w 
U'1 

~. 
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Appendi~ Table 12. An~lysi. of va~iance and covariance among and 
~ 0';;; 

within si~. basad on full-sib ~amily ma~ns 
(A~~er ~inn.y and Sha~~nar 1965). 

-------------------------------------------------~-------------

Source. 

Strain 

Oegr.. a~ 
fr •• dom 

1-1 

~ 

EKp~t:ed .. ~n ~ 

------------------------------------square pfoduct 

Net relevant Net relevant 

Among sirea 
within .tr~fn 

o 
.-1 k2 S2w+ S2d+ k~ s~_ CovDm. + k3 COVS~4 

Among dam 
family \means 
... i thi n sire . d-s k:a s2_~.i + S2lD covO .... ""CavO~~ 

-----------------------------------------~-----~-------~-------

lanumbar, cf strainsJ s-numbar of siresI dmnumber of dams. 
5 2-= residual variance componen~. S2lD= dam component: of variance; 
s2.=sire component of var~anc:~JCovDm.=dam c:omponent of covariance, 

based on individual observation., CovD .... = dam component of 
covariance.ba.ad en family mean.J 
k:a= ( EE l/n&~ - ElIn, i I/n&~)/(N-s)J 
k2= ( E 1/n& E I/n&~ - lIN El l/n1~)/(s-1); 
kz = ( N - ~ n21/~ )/(s-1); n.~= number of progeny per dam; 
n.= number of dams per sire; N- ~Dtal n4mber of dams~ 

,-

\ ' 

N 
W 
0\ 

" 
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Appandix Tabl. 13a. Analy ••• of varian~. < "-an .quar •• ) ta t •• t 
th. .ff.ct of lymphoid l.ukost. viru. on 
• ..-n tr.it ..... ured on 23 month old •• 1 •• 
of control .tr.in 7CExp.riaent 1,1979 hatch). 

Sourc.. of 
variatian 

EJACUl..ATE 

LVI'IPHOID 
LEUKOSIB 
STATU9 

REBIDUAL 

CV 
r 2 

* P<O.OS 

d.f. 

2 

/ 

1 

123 

(" 

s. • ." \ P.cklld .p ..... 
w.i ght (J .. vol u... X 
1 n (110) arcai n. r 

0.3428* 

0.0047 

0.0877 

5.4 
6.0 

0.0630 

0.1142 

0.1673 

14.6 
1.2 

Tot.l .p ..... 
.... ight 

..JI.g . 

2.9920 

1.4427 

1.9300 

27.8 
3.1 

** P<O.Ol "-

Nucab .... of 
.pr •• tozoa 
pr _1Cxl0·) 

0.3529 

7.3167** 

0.B9~ 

40.1 
6.7 

, 

; 

" 

'" w ..... 
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ApP.hdiH Tabl. 130. Analy ... ef varianc. (Mean •• quar •• ) te .t •• t 
the .ffect àf ly~heid leuke.is viru. on ••• en 
~rait. • ••• ur.d en '23 acnth old •• 1 •• of 
con~rol .tr.in 7 (E~p.ri.ent l, 1979 hatch). 

NldIb .... of P.,..cent of 
ap ....... taza. P.rcent Abner.al 

Seurc.. of p.r eJaculat. Hotility aotllity ~.,..atDzoa 

variation d.l. xl0·~ score (arcsine) v---' )C 10-2 

-------------------------------------------------------------------• 
EJACLLATE 2 49.6804 0.7040 0.04H5 o. :5Bl1 

LVI"IPHOII> 
LEUKOSIS 
STATUS l' ~7.8:5:5:5* 0.9:541 0.0038 7.0:510** 

RES 1 DUAL 123 4S.S07B 0.2884 0.0137 ------
10'1 ------- ------ ------ 0.4716 

CV 28.4 12.9 13.7 27.0 
r 2 b.O 5.8 4.9 13.8 

-------------------------------------------------------------------
* P<O.O~ ** P<O.01 

• 

1 

" 

• 

l'.J 
W 

,GO 

~ 
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App.ndiM Tabl. 14a. Ahaly... of varianc. ("-an iquar •• ) to t •• t 
th •• ff.ct of ly~hoid l.uko.i. v1ru. an .... n 
~r.i~ .... sured On 10 .anth old rOD.~.r. of 
control .train 7 (EMp.r1.ent 1; 1980 hatch). 

Sourc_ of 
var i ati an 

EJACUl.ATE 

LYI"FHOID 
LEUKOSIS 
STATUS 

RES 1 DUAL. , 

d.f. 

2 

1 

10:5 

S._n 

\IIIIIight 
In(lM;I) 

P.ck.d sp ..... 
vol..- X 
arc.ln.~ 

0.0832 0.0569 

O.0e44 0.1066 

0.0912 ~ 0.2278 
~ 

To~al sp"" • 
\111111Qht 

'l/'IIQ 

I.B920 

0.0211 

2.727:5 

......,.,.. of 

ap.r.'.l 
x 10'" 

0.7~S 

2.7289 

0.70:51 

cv S.l S.O 21.9 2S.6 
r 2 2.3 1.0 4.3 5.5 

--~------------------------------------~~-------------------------
* P<O.O~ ** P<0.01 

IV 
W 
ID 
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App."dix Tabl. 14b. Analy __ of varianc. (t'titan. squ.,. •• ' ta t •• t 
the ttff.ct af ly.-phatd ItlUko.i. viru. on 

.-n t.,.ait. _asurlld on 10 IIOnth ald ,.oa.t. ..... 
of cont.rol .tr.in 7(EMp.,.i-.n~ 1,1980 hat.ch). 

Sourc •• 0" 
va,.iation 

NwIb .... 0" 
aper .. toz oa/ 
.Jacul.t. 

d. f. le 10· v--' 
t'lat.Ui t. Y 

, ilcor. 

P .... cent 
ItOtility 
(arc.in.) 

Percent a'f 
Àbnar .. l 

sp ...... tozoa 
...,-, )(10-2 

------------------------~----------------------------------------
EJ.ACl.LATE 2 36.6601 0.2116 0.0297 1.02:5:5 

Lvt1PHOlD 
LEIJI(OSIS 
STATlJS 1 19.~67 0.6209 0.0072 1.1128 

RES 1 DUAL lœs 47.1782 0.2214 0.0129 ------
104 -- ----- ---- 1.0Ci62 

CV 20.1 10.9 12.:5 3~.5 

r 2 1.8 4.4 4.8 2.7 

---------------~----------------------------------------------
* P<O.œ5 ** P<O.Ol 

~ 
.c:o. 
(..) 



Appendix Tabl. 1~. Analy ••• of varienc. (Hean aquar •• >to t .. t th. effect 
of 1y~hoid leukoaia virus ( LLV ) on ...en trait. 
_aaurlKl on lB tKN"It:h old rooat:ltrs o-f cont:rol strains 
:5, 7 and 10 ,(Expltri-.nt: II). 

Saurc.. of 
yariaUon d.f. 

a...n 
.. 1Qht 
1n(-o) 

Tatal 
PacklKl Iapltra Iapltra 

valu.. X weiQht 
arc.in. v--1 \J" aQ 

~U1ity 
.cor. 

,Percent 
IMltil i ty 
<arcsin.) 

------------------------------------------------------------------------
EJACULATE 1 0.0382 1.4154** 16.7492** 0.6390 0.0216 

STRAIN 2 0.4864** 0.8670** 2.:5:507 1.2762*. 0.0260 

LLV 1 0.3340 2.3038** 35.-7887** 0.0087 0.0007 
} 

STRAIN * 
LLV 2 O.I~68 O.27~4 8.0.,92* O.32b8 0.0063 

BODY WEIBHT 1 1.7042*. 0.1241 3.9738 O~-o2:52 0.0004 

RESIDUAL 370 0.0984 0.1746 2.S2S9 0.2700 0.0107 

CV :5.3 4.:5 21.9 12.4 10.9 

::_~:::::------::--~::~:~------~~~----------~~:_--------~~~~-------~~:_-

'----- / 

N 
~ 
t-' 
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App.ndix T.bl. 16. An.ly ••• of veri.nc. CM •• n .quar •• } to 
t •• t th. .ff.ct of lymphdld l.ukosi. 
virus (LLV)on •• ~.n trait. m •• sur.d on 
20 mcnth cId roc.t.r. of control 
.train. ~9 7 end 10 (Ewp.riment IV) • 

Saure •• of 
variation 

BLOCI< 

EJACULATE 

LLV 

STRAIN 

BLOCI<*STRAIN 

EJACULATE * 
BTRAIN 

STRAIN*LLV 

BODY WEIaHT 

RES 1 DUAL 

CV 
r 2 

d. f. 

2 0.07:59 

1 0.2286* 

1 0.0927 

2 0.:5073** 

4- 0.1339 

2 0.0293 

2 0.0260 

1 0.2643* 

341 0.060:5 

4.2 
11.0 

• 

Pack~ .p.r .. 
valu •• X 

arcsin • ..f' 

22:5. 1311** 

0.08:57 

4.2964 
, 

47.3399* 

3:5.0J4,1 
1 

7.6267 

117.4014** 

160 .. ~972 .. * 

16.7660 

27.1 
1:5.1 

Total .p.rm 
.... lght 
~ mQ 

8.9818** 

3.04~6 

2.1744 

16.2299** 

3.7383 

0.:5~:57 

9.0687** 

1. :5770 

1.8422 

18.1 
11.0 

---------------------------------------------------------
.. P<O.O:5 ** P<O.OI 

J 
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Appendix Tabl. 17. 

Saure.. of 
variation d.f. 

Analy ... of varianc. (Hean 
cf ly~hcid leukosis virus 
hatchAbility cf control 
(Experi-.nts II and IV) 

Experi..nt II 

F;;iiïity---Hit~h;biïity 
arc.in.(X) arc.ln.(X) 

squar •• )tc t •• t the .ffect 
( LLV ) an fertility and 
strAins ~, 7 and 10 

Experl.."t IV 

Fertility Hatchabl1ity 
arc.ln.eX) arc.ln.eX) 

------------------------------------------------------------------------
STRAIN 2 0.2877** 0.0761 0.014~ 0.0407 

LLV 1 0.0316 0.0386 0.2!573** 0.0049 

STRAIN * 
LLY 2 0.00:53 0.01:5:5 0.0234 0.1130 

RES l DUAL 183 0.0342 0.0412 ------ ------
21:5 ----- ---- 0.0312 0.04~4 

, 
CV 16.3 10.2 15.0 21.1 

r 2 10.2 4.1 5.6 2.5 

* P<0.05 **P<0.0-1 

-/ 

" 

IV 
~ 
w 

0 
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App.ndix Tabl. 18. An.ly ••• of variane. (M.an .quar •• > to 
t •• t th •• ff.et of aQ. on •• m.n tr~it. 
of .train. 1, '3 and S. 

S41iHft.n Paek.d .p.rm Tot.l .p.rm 
Seure. of ..... iQht voluAI. 1- .,...iQht 
variation d. f. In(lIIQ) .re.in. '" .JI mg 

------------------~-------------------------------------

ABE 3 0.8214** .,. 1.62:52** 33.:5726** 

EJACULATE 1 0.8127** 0.0771 17.3708** 
/ 

STRAIN 2 1.7301** 0.4302 3:5.4232** 

A8E*STRAIN 6 0.072:5 0.1381 0.9783 

EJACULATE * 
8TRAIN 2 0.0010 0.1:591 0.0416 

BODY WEIBHT 1 4.1310** 0.8981 24.8622** 

RESIDUAL 77:5 0.0894 0.1924 2.4369 

CV S.l 4.7 22.4 
r 2 11.3 7.7 10.:5 

* P<O.OS **P(O.Ol 
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App.ndiK Tabl. 19. Analys •• of varianc. CM.an .quar •• } to 
t •• t th •• ff.ct of aQ. cn •• m.n traits 
of strains 7, 8 and 9. 

Soure. of 
variation 

ABE -

EJACUL.ATE 

STRAIN 

EJACUL.ATE * 
STRAIN 

BODV WEIBHT 

RESIDUAL 

CV 
r 2 

* P<O.O:5 

d.f. 

1 

2 

2 

1 

913 

S ... .n 
.,..ioht 
InCmQ} 

o. 4413**~ 

0.7844** 

0.0319 

0.012~ 

0.0009 

0.09:56 

~.2 

11.3 

**P<O.OI 

Pack.d .p.rm 
volu •• 'X 

arcsin.J' 

4.2234** 

Total .p.rm 
w.iQht 

J' mQ 

30.0376** 

0.1480 17.800~** 

1.0716** 10.2911* 

0.2618 1.6649 

) 

~/O. 1820 1. 33~6 

1 • :5:530** . ., o. 003~ 

0.1603 2.4066 

.' 

4.3 
12.9 

21.9 
7.:5 



• 

.. 

.. 

.e1> 

... 
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App.ndix T.bl. 20 •• An.ly ... of vari.nce ("-an .quar •• ) of..-en 

Sourc.. of 
v.~i.tion d.f. 

t~.it ..... ured on 23 .anth old ~QQ.t~. of 
.t~~in. 7, 8 and 9 (E~peri • .nt IJ 1979 h.tch) • 

s...n P.cked sp~. 
.... ight· volu.. % 
ln (-V) .rc.in. VI 

Tot.l sper. 
weiQht 

~IM) 

Nu.ber of 
sper.aAtozo./ 

. .1 he 10·) 

-----------------~-------------------------------------------------
BLOCK 3 0.9795** 0.1370 7.5:597* 2.B980* 

EJAClLATE 2 0.4463* 0.1211 8.2612* 0.9255 

STRAIN 2 2.:5019** 9.3743** 14:5.2933** 21.4926** 

BLOCK*STRAIN 6 0.3410* 0.2953 10.:5175** 4.06:59** 

EJAC*9TRAIN 4 0.0:502 0.0378 0.900:5 0.1813 

RES 1 DUAL 260 0.1017 0.1568 1.9792 0.7551 

CV 5.7 4.3 23.4 31.5 
~2 29.1 33;4 42.1 27.9 

<. 

* P<O.05 ** P<O.Ol 

..., 

.r-. 
0'1 

'" 
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Appendix Table 2Ob. Analy ... of varianc. (Kean squar •• ) of .. ..o 

Sourc.. of 
vari.tion 

BLOCK 

EJAClLATE 

STRAIN 

BLOCK*STRAIN 

EJAClLATE * 
STRAIN 

RESIDIJAL 

CV 
ra 

d.f. 

3 

2 

2 

6 

4 

260 
242 

trait ..... ur.d an 23 .anth old rao.ter. of 
.train. 7, B and 9 (Experi.ent 1. J979 hatch). 

Nlmb-r: of 
apttr .. tozoal 

• jaculat. 
)Cl0·~ 

0.0407** 

0.1923** • 
0.233:5** 

0.3302** 

0.0017 

0.0044 
-------

23.7 
40.7 

l'toti l1ty 
score 

0.2828 

0.2098 

0.7183 

0.7779* 

0.1363 

0.3378 
------

13.9 
9.1 

Percent 
.at111ty 
(arcliine) 

0.0249 

0.0S39 

0.0801'* 

0.0449 

0.0020 

0.0183 
------

15.B 
12.0 

Percent of 
Abnor .. 1 

aper .. tozo • 
Vi )(10-2 

0.~77 

0.274:5 

1.0670 

3.2746 

0.~340 

------
0.7329 

32.3 
13.2 

------------------------------------------------------------------
* P<O.0:5 '** P<O.Ol 

----

::-
," 

t-.J 
~ 
'-J 
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App.ndi~ Tabl. 21a. Anal~ ... o~ varianc. ("-an .quar •• ) of •••• n 
trait ... asured on 10 aonth old roost.r. of 
.train. 7, B and 9 (Exp.ri.-nt Il 1980 hatch). 

-------------_...::" ..... --------------------------------------------------
Sourc.. of 
variaUon d.f. 

S._n 
.... iljlht 
In(-v) 

Packlld .p.". 
volwae X 

arc.in. ~ 
\ 

Tot.l .P"'. 
weiQht 
~ IMII 

NuIm.,. of 
sp.,..atozoa/ 

.1 he 10·) 

--_._-------------------------------------------------------------
BLOÇK 3 

EJACULATE 2 

BTRAIN 2 

BLOCI<*BTRAIN 6 

EJAC*BTRAIN 4 

REBlDUAL 196 

cv 
r 2 

0.2945* 

0.1441 

0.2711* 

0.3925** 

0~0729 

o.osés 

5.0 
18:5 

0.1066" 

0.0276 

0.451:5 

0.191S 

0.4~2 

0.2124 

4.9 
10.0 

4.2803 

1.1381 

0.1100 

10.13:53** 

3.1353 

2.4531 

20.8 
14.8 

3.3783** 

0.4:523 

0.8332 

1. 43a2* 

1.0146 

0.6762 

25.6 
18.0 

--------------------~~-------------------------------------------
* P<O.OS ** P<0.01 

~ 

./' 

J 

l 
~, 

/ 

~ 
00 
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Analy ••• of varianc. <Haan .quar •• ) of •• .an 
trAi t. _Asured on 10 IMX1th cId roc.ter. of 
.trAin. 7 9 8 And 9(Experi~t l, 1980 h.tch). 
~ 

---------------------------------------------------------~------

Saurc •• of 
variation d.f. 

BLOCK 3 

EJAClLATE 2 

BTRAIN 2 1 

BLOCK*STRAIN 6 

EJACULATE * 
BTRAIN 

REBlDUAL 

CV 
r 2 

4 

196 
192 

Nutlber of 
sper.atozoa' 

.Jaculat. 
xl0·v--' 

0.2228** 

0.0010 

0.00:54 

0.0130. 

0.0030 

O.OO4B 

20.1 
15.9 

t10tility 
score 

Percent 
aotillty 
(arcsine) 

0.1734 0.0253 

0.0697 0.01~4 

1.9S31** O.08BB** 
1 

0.8384** 0.0400* 

0.0616 

0.2BBO 

12.7 
15.9 

O.OOBS 

0.01~3 

14.1 
18.3 

Percltnt cf 
.bner.al 

tiP"'''tozoa 
V" )(10-a 

3.9530** 

0.3071 

1.8970 

0.8422 

0.8170 

0.8747 

33.2 
13.6 

-------------------------------------------------------~-------

* P<.9. 05 ** P<O.OI 

.:. 

~ 

I\.J 
~ 
\0 
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Appendix T.ble 22. An.ly ... of v.ri.nc. (Ke.n .qu.r •• ) 
.... ur.d an 18 .anth old rao.t.r. 
•• lected .train. (Experi .. nt II).+ 

of •• tIen trait • 
of control and 

Pac:ked Tat.l 
S."n .p.ra sp.r. Percent 

Saure •• of w.iQht valu •• X weiQht Katility GDtility 
v.ri.tian d. f. Cln) arc.in-v-' V'-V -.far. (arc.in.> 

-----------------------------------------------------+----------------
BLOCK 

E"JACULATE 

STRAIN 

BLOCK* 
STRAIN 

EJAClILATE * 
STRAIN 

BODY WEIGHT 

RES 1 DUAL 

CV 
r 2 

3 

1 

8 

24 

8 

1 

706 

0.6700** 

0.0320 

0.4418** 

0.1336 

0.0212 

1.5860** 

0.0970 

5.2 
12.4 

0.3624 

1.3984** 

1.5541** 

0.2634 
t 

0.0394 
\ 

.0.1:520 

0.1836 

4.6 
15.0 

4.2700 1.4834** 0.0857** 

14.70:54* 1.8337** 0.1273** 

10.6713** 1.1007** 0.0306** 
, 

~ 
3.8326 0.372;5. 0.01:54** 

0.3334 0.3173 0.0102 

13.1647* 0.1985 0.0053 

2.6231 0.2069 0.0080 

21.7 10.8 9.4 
10.4 16.9 17.8 

Control .trains 5, 7 and la; selected strains 1, 2, 3, 4, 8 and 9 • 
P<O.O:5 ** P<O.OI ~ 

... 
* 

1 

" .î ., 

t.J 
U1 
o 

,~ 

.1 
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Append1M Table 23. Analy.e. af variance (Kean square.) af .emen 
trait. mea.ured on B .an th ald rao.ter. àf contrai 
and •• lected .train. (Experi.wnt 111).+ 

------------~--~-----------------------------------~-----------------

Pack.d Tatal 
Seeen .per. .perm P.,-cttnt 

Sourcès of ... eiQht volu.. X weight l'Iot1li ty IIIOti ~ 1 ty 
variation - d.f. f. In(aag) aresin.", t;Jî IIg seor. (are.in.) 

, ---------------------------------------------------------------------
BLOCK 6 3.0818** 3.10b9** 27.6776** 1.8091** 0.0:576** 

EJACULATE 1 8.5304*_ 1.8203** 224.367:5** ------ ------
STRAIN 6 2.2339** 6.4005** 40.5875** 0.4466 0.0408** 

BLOCK * 36 0.1613** 0.4041** 4.2010** 0.3747* 0.0178* 
STRAIN 

EJACULATE * 
STRAIN 6 0.0284 0.0371 0.2219 ----- ------
BODY WEIBHT 1 2.0489** p6.2969** 0.0629 0.1704 0.0009 

RESIDUAL 2926 0.0806 0.172:5 2.2977 ------ ------
1438 ------ ------ ------ 0.2:53:5 0.0113 

CV 4.8 4.4 20.0 12.0 11.5 
r 2 17.8 14.3 10.6 7.5 7.0 

Control strains 5, 7 and 10; selected strains -l, 3, 8 and 9. 
* P<O.OS ** P<O.OI 

,-

'" U1 
1-' 
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App.ndix Tabl. 24. Analy ••• oof variane. (M.an .qu.r •• ) cf 
•• m.n trait. m.a.ur.d en 16 manth cid 
roost.rs of control and •• lact.d 
.train. (Exp.rim.nt IV).· 

Saure. o-f 
vari.tion 

BL.OCK 

EJACULATE 

STRAIN 

BL.DCK*STRAIN 

EJACULATE * 
STRAIN 

d.f. 

2 

1 

6 

S.m.n 
"".lQht 
ln (mCjJ) 

0.2266* 

1.1142** 

12 0.1:516* 

6 0.0247.' 

BODY WEIBHT 1 0.4239* 

RES 1 DUAL. 1068 0.0749 

4.6 
11.9 

Pack.d .p.rm 
volum. X 

.rcsi n • .,r--I 

0.0079 

0.0~62 . 

1.0919* 

0.1733 

4.4 
10.3 

Tot.l .p.rn. 
Wltight r mg 

18.980:5** 

28.7909** 

4.1222* 

1.0416 

0.0078 

1.9924 

19.3 
10.7 

• Control .trains ~,7 and 10; selected strains 1,3,8 and 9. 
* P<O.O:5 **P(O.Ol 

) , 

- ------
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App.ndi)( Tabl. 2S. Analy_. o-f varianc. (l't.an .quar •• ) o-f 
•• men trai t. m.asur.d on 20 month 01 d 
roo.t.r. of control And •• l.ct.d 
strains CExpari •• nt V).-

Sourc •• of 
variation d. f. 

Pac:ked sperm 
volu ... X 

arc.1 ne"" 

Total .perm 
weight 

\J\ mo 
--------------~----------------------------------~------
BLOCK 

EJACULATE 

STRAIN 

EJACULATE * 
STRAIN 

BODY WEIBHT 

REBIDUAL 

1 

1 

1 

~67 

0.6788* 

0.9628** 

0.11:58 

0.0203 

0.0841 

4.9 
1~.0 

0.06:53 

0.2247 

2.0960** 

0.09:56 

0.1338 

0.6:597 

0.2668 

7.6 
8.4 

3.644:5 

12.1923** 

1.8819 

1.2784 

2.3422 

24.1 
7.9 

-------------------------------~------------------------
• Control .trains :5.7 and 10; .el.c:ted .trAins 1.,3,8 and 9. 
* P<0.05 ** P<O.OI 

\' 
\ 

, 

o 
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App.ndi~ Tabl. 26. Analy ••• of varianc. (M •• n .quar •• ) of 
•• men trait. m ••• ur.d on 2~ month old 
roo.ter. of control and .el.cted 
~traln. (Exp.riment VI).· 

Source. of 
variation 

BLOCK 

EJACULATE 

STRAIN 

BLOCK*STRAIN 

EJACULATE * 
STAIN 

BODY WEIGHT 

RES 1 DUAL 

cv 
r~ 

n 

d. f. 

i 

1 

Semen Pack.d .p.rm 
w.iQht /' volume X 
InCmQ) ~- arcsin.-J"' 

0.0001 0.10~0 

0.2286 

0.6330** 0.767Ô** 

0.1936 0.0887 

:5 ) 0.0377 0.018~ 

~07 0.1111 

:5.7 
9.0 

0.0088 

0.1232 

j 3.8 
7.0 

Total sperm 
w.ivht 

VI mg 

1.2862 

14.9724** 

18.3740** 

3.90:53 

0.4893 

1.9623 

20.7 
12.4 

---------------------------------------------------------
Control strain. 5.,7 and 10; .elected strains 
1, 3, B and 9. 

* P<O.O:5 **P<O.Ol 

) 

- ------~ 
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Appendix Table 27. An.lysi. of variance (Mean .quarRa' of t •• t •• weight and 
and w.ttl. weight and .iz. .. •• ured on 14 .anth old 
rooster. of .trains 5,7 And 10(E~periment VI, 1983 hatch). 

~ 

---~-------------------------------------------------------------------------

,Source. of 
variation d.f. 

STRAIN 2 

BODV WEIGHT 1 

RES 1 DUAL 128 

CV 
r 2 

T •• t •• 
.... iQht 

.,<ca) 

~7:S.3219** 

30.3961 

52.0215 

29.4 
12.5 

Wattl. 
.... iQht 

(ca) 

:598.0984** 

433.9732* 

76.9898 

36.1 
1'2.5 

Wattl. 
length 

(Cil) 

707.b900** 

Wattl. 
... idth 
(Cil) 

:580.3263** 

11~.3087* ~ 600.~2* 

127.8697 99.2947 

15.2 15.6 
12.9 11. 9 

'l 

W.ttl • 
index 
(c::112 ) 

1321.8131** 

1816.3648** 

217.1004 

30.2 
13.4 

-----------------------------------------------------------------------------
* P<0.05 **P<O.~1 

<~ 

;-, 
./.~ 

~~ 

N 
U1 
U1 



------

AppandiK Tabl. 28. Analy ••• of varianc. (Hean .quar •• ' of 
wattl •• 1z .... sured on 20 aonth al~ 

# C::;i 
roc.ter. of control And •• l-=tltd ( 
strains (Experi~t V).-

-----~----------------------------------------------------

Boure •• of 
variAtion d.f. 

WAttl. 
lenoth 

(ca) 

Wattl. 
width 
(ca) 

WAttl. 
- ind.M 

<ca2 ) 

STRAIN b 12.213~* 9.~4~ 2314.87** 

BODY WEIGHT 1 4~.239Ht* 28.0404** 

RES 1 DUAL 392 1.2020 0.9002 

CV 13.9 13.8 
r:Z 18.4 -- 17.7 

~ 

Contrel strains 5, 7 and 10; selected'strains 
l ,3~e and 9. 

* P<O.05 ** P<O.Ol 

" , 

8428.51** 

224.74 

27.0 
18.l:T 

z 

N 
U1 
0'1 



/' 
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Appendix Table 29. Analysia of variance ( Hean squar •• ) of testia and wattl. 
welghts .e •• ured on 29 month ald rao.tera ~ contraI and 
and •• lected strains (Ex peri ment VI. 1982 hatch).-

----------------------~:::~:~:~----------:~::~:~:~------------------------------
Sources af 
variatian d.f. ri«;lht l.ft ri;ht Iltft 

TtI15t •• 
(g) 

w.ttl •• 
- (g) 

--------------------------------------------------------------------------------
STRAIN 5 228.987** 184.926**'· 247. 938** 252.121** 824.667** 999.306** 

~GHT ~ 

1 50.225* 126.168** 188.380** 203.942** 335.601** 784.335** 
~ 

RESIDUAL. 300 10.509 9.898 21.467 22.42~, 37.014 66.435' 

CV 25.7 25.1 35.2 35.5 24.2 35.1 
r 2 26.6 24.3 16.3 15.9 27.2 16.3 

----------------~---------------------------------------------------------------
Control strains 5 and 7; selected strains 1, 3, B and 9. 

* P<O.05 ** P<O.Ol 

.r 

" 

'" 

I-..J 
lJl ..... 
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App.ndix Tabl. 30. Analy ••• of vArianc. ( M.an .quar •• ) 
of .pur .iz. 1II .... ur.d on 20 menth 
01 d roo.t.r. of contrel and •• 1.ct.d 
.train. (EHp.riment V) .... 

Spur Spur Spur 
Sourc •• cf lenQth di .. m.t.r ind.)( 
variatien d.f. ,- (cm) (cm))cl0-2 (c~) 

--------------------------------------~-----------{-----
STRAIN :5 ~.4219** 7.4484** 8.8996** 

BODY WE IBHT 1 
/ 

RES 1 DUAL 300 

~.BI20** 

0.3:512 

14.6 
23.8 

34.0442** 

0.B4:52 

11.1 
21.4 

20.0447** 

0.4971 

19.9 
31.0 

1 -------------------------------------------------------
Control _tr .. ins 5.7 and 10; l5elected strains 
1,3,8 and 9. 

* P<O.O:5 ** P<O.Ol 

\ , 
(j 

."" .. 

r 
\ . 
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Appendh Tabltt 31 ..... Iln pcrrforNnc. of lIix •• htctltd (II' and thr_ control 

Trai t 

Humb.r of hen. 
hou •• d 

F.rt1lity 

HlitchAbil1ty 

(cl .trAins of SCWL chlckenlli hatched ln 1982. 

1193 

3 

• 

980 7BB 

a 

Strain nUlllber and type 

2 

• 

990 

4 
Il 

854 736 1000 B21 832 

92.4 93'.6 86.0 88.0 8:5.:5 BB.l 87.2 89.1 92.4 

74.B 72.582.267.969.976.:5 69.0 71.0 BO.:5 

AO. at fiat 
.gg(AFE) daya 1:53.9 142.0 176.2 167.:5 143.3 166.6 168.7 149.B 166.6 

Hen-hou •• d eoo 
produc:t.ion No. 110.4 11:5.9 82.:5 95.B 116.2 89.:5 96.:5 111.6 89.4 

SurYi vors .00 
produc:tion ND. 119.9 118.4 84.8 97.7 117.7 91.1 98.1 112.9 92.4 

Rat. of lay frolll 
AFE to 273 dav. ~ 91.6 9B.2 84.3 90.2 8B.7 83.:5 91.4 89.683.8 

Egg .... ight at 
240 day. 0 56.4 :55.8 50.7 !5!5. :s :5:5.6 :52.:2 5:5.8 5:5.4 :54.2 . 
Sp.ci.f ic gravi ty 
.t 240 d.y. (1.0) 87.0 85.9 83.6 B5.3 8:5.0 83.6 88.8 87.0 84.4 

Hllugh unit. 
.t 240 day. 

Blood apots 
.t 240 day. 

Body .... ioht 
.t 365 d.y. 

\ 
'\ 
i) 

90.9 88.2 86.:5 90.6 90.0 86.0 90.:5 92.0 87.7 

3.2 2.2 5.4 2.9 2.0 4.8 2.3 2.1 3.7 

1680 16:50 1800 1660 1650 1690 16:50 1490 1570 

-----------------------
• c. un •• l.c:ted control .trAin, a- •• 1.ct.d .traln. 
Me.n. for, trai t. ether than f.rU 1 i ty, hatchabi 1 i ty and hon-hou •• d .09 
produc:ti on Ar. .urYi var. val u... Survi vera are d.i i n.d a. hen. t"At 1 i ved 
to th. end of t •• t and laid At Il rat. ef at 1.a.t 20X in 4111 thr.e .09 
production ~ied., and had a 240. day .00 ... eu;Jht. 


