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I N T R 0 D U C T I 0 N. 

Topic . 

Artificial breeding is an interception of natural mating procedure , 

by the collection of semen and its retent ion in vitro before deposition in the 

female genital tract. 

Semen is usually collected after an indu ced ejac ulation into a 

suit able receptacle , from the eng<D:'ged copulatory <D:'gan sit uat e d  in the cloaca 

of' the male fowl. 

When removed from their first natural environment in the male genital 

tract and retained l!! vitro , precautions are needed to preserve spermatozoa 

function. This is the most artificial phase and the one to which most research 

has been directed in an attempt to extend semen storace time. 

Insemination is the final phase of semen transfer and the te chniq ues 

for depositing semen in the female genital tract , parallel those use d  for other 

species. 

A study of artificial breeding in the domestic fonl is presented in 

this thesis .  

Scope of Research. 

Three phases of artificial breeding were investigated; semen 

production and r elease , semen storage , and artificial insemination. 

Semen production was concerned with the ability of cockerels to 

produce adequate functional spermatozoa. The physiological characteristics 

of production were measured by age at sexual maturit,y; increase and persistence 

of spermatozoa output; semen quality traits such as spermatozoa concentration 

and the percentage of normal live spermatozoa; and the response to imposed 

environmental treatments. Semen release was more concerned with the 



psychological response s  and semen resources of cockerels under varied 

circumstances. 

A few aspects of semen storage were investigated, and evaluated by 

the potential fertilising ability of semen held 2£: vitro for up to twentyfive 

2. 

hours . Some tempe rature regimens were tested, together vlith several methods of 

protecting spermatozoa i£ � by varying diluents and dilution rate • 

.Artificial insemination was studied from two aspect s: firstly in 

the modification of semen to obtain optimum fertility; and secondly, the 

physical procedures for depositing spermatozoa in the female scnital tract. 

**�*�************** 



C H A P T E R  1. 

Review of Poultry Reproduction. 

Most animal research has been conducted on laboratory and domestic 

mammals, with scant and often indirect attention to poultry. Until recently 

poultry farming was not a major livestock industry and the paucity of research 

into avian anatomy and physiology merely reflected the economic situation. 

This was accentuated by basic anatomical differences between birds and the 

large farm mammals. A brief review of the salient features of poultry and 

bovine reproduction will introduce the thesis topic, and contribute to 

conclusions expressed in later chapters. 

1.1 Male Anatomy and Physiology• 

The avian reproductive system like that of higher ve:ttebrates begins 

with the appearance of pr:imordial germ cells, thought to arise as different-

iating buds from the germ wall endoderm. Within about two days of incubation 

the germ cells have circulated in the embryonic blood system and collected near 

the f uture gonad site. They apparently migrate dorsa-laterally to either side 

of' the embryo by ameboid movement and at this stage a permanent assymmetry 

arises, with a marked majority on the left side. The morphologiGally 

indifferent sexual period extends from the th.:Ir.d. to eighth day of i.neubation, 

although physiological or genetic sex differences are already present. 

In the avian embryo the reproductive and excretory systems are closely 

interrelated. Intermediate mesoderm gives rise to the excretory system which 

develops in three phases, of' which the second nephric structure, the mesone­

phros, contributes to the gen:i.tal . system. Incipient ovarian contex around. 

the medulla of the left gonad renders this organ potentially bisental., whereas 

the right gonad, mainly medullary tissue, is dominantly masculine f'rom the 

beginning and responsible for the ovotestis in some mature females. Medulla 



and cortex of the early gonad arise as successive proliferations of sex 

cords from the germinal epithelium, and differ in t heir type and intens ity of 

hormone production. Sexual differentiation occurs with the regression of one 

component by hormonal action under genetic control. Near hatching time, most 

of the embryonic testis is composed of proliferated male sex cords made up of 

seminiferous tubules and germ cells. At hatching all the definitive male 

sexual organs have appeared. 

Spermatogenesis begins at about the seventeenth day of incubation, 

wit h  a four day phase of intense multiplication and transformation of the 

primordial germ cells to spermatogonia. As the gonad develops around them 

the spermatogonia assume their permanent position in the seminiferous tubules, 

then remain relatively quiescent for several weeks a fter hatching. The phases 

of spermatogenesis vary between breeds of fowl; in precocious Leghorn strains, 

primary spermatocytes appear at five to six weeks of age. Some spermatogonia 

migrate to the tubule lumen and undergo rapid multiplication to form several 

layers of smaller cells, which transform to primary spermatocytes. Normally 

haploid secondary oocytes appear at the lumen centre at about ten weeks in 

Leghorn chicks. These quickly undergo a second meiotic division to prod uce 

small distinctive spermatids, with a spherical nucleus surrounded by clear 

peripheral cytoplasm. Spermatids are thought to metamorphose directly to the 

sleek flagellated spermatozoa. Legharn strains may achieve spermiogenesis 

by twelve weeks of age, b ut Parker, McKenzie and Kempster (1942) as cited by 

Sturkie (1965), claim that f ertility is poor until the males are about twenty-

five weeks old. Prior to discharge spermatozoa are buried head-f:irst into 

large non-germinal Ser.toli cells which have migrated from the seminiferous 

tubule walls. Motility is acquired in passage through the epididymal region 

and vasa deferentia; requiring from one to four days, depending on spermato­

genesis and mating activity of' the male. 

The cockerel reproductive tract is composed of four regions, 
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5. 

distinguished by their or igin or function (Lake 1957 a ), (see Figure 1 ). 

Paired soft testes are attached by a short mesorchium to the anterior-ventral 

surface of the kidneys, comprising about one percent of body weight at the peak 

of repDoductive activity. Long convoluted seminiferous tubules are supported 

by stroma connective tissue ramified with capillaries, arterioles and venules, 

and a very thin non-septate tunica albuginea encloses each testis. The con­

tents of the seminiferous tubules are discharged into the rete tubules which 

radiate to the testis hilum. The vasa efferentia and ductus epididymis 

consist of a small cluster of tubules on the hd.lum, indicating a relatively 

minor role in semen maturation in contrast to hit;her mammals (Mann 1964). The 

whole epididymal duct system is embedded in connective tis sue and firmly 

a nchored to the dorsal abdominal cavity wall. An intense holocrine secretion 

from parts of the vasa efferentia epithelial linL�, has been reported by 

Lake (1 957 a ), and other epithelial activity in the sexually fit male, vtlich 

indicates some functional influence of these tubules. In the same project, the 

ductus epididymis was concluded to be relatively inert. A long coiled vas 

deferens serves as a spermatozoa storage organ, and duct from each testis to 

the copulatory organs in the cloaca. Each vas deferens adheres to the ventral 

surface of the kidney, becoming thickened by muscle and connective tissue at 

the distal end to form a conical-shaped ejaculatory duct, which protrudes into 

the urodaeum. Lake ( 1957 a) describes the phallus as a central white body plus 

two adjacent roun d folds, on the distal lip of the proctodaeum. Two discrete 

lymph folds in the ventral proctodaeum, lie between the round folds and 

ejaculatory ducts. A vascular body traverses the ventral boundary of tl1e 

proctodaeum and urodaeum, between the two ejaculatory ducts. The phallus, 

lymph folds, vascular body plus ejaculatory ducts, are generally considered to 

be the avian copulatory organ. 



1.2 Female Anatosr and Pgysiology• 

6. 

Gonad differentiation in the female occurs from the fifth to seventh 

day of incubation� The left gonad investment of germinal epithelium becomes 

several layers thick, and later a second cellular proliferation gives rise to 

the cortical cords. Small clusters of medullary cord cells may persist in 

the mature functional ovary, but degeneration of most of the cells proceeds from 

halfway through incubation. After hatching the right ovary persists in a 

rudimentary form. If cortical tissue is present, the organ is capable of 

developL�g into an ovotestis; but if only medullary cords persist, the organ 

is potentially a male gonad. By the eighth day of incubation the primordial 

germ cells are evenly distributed in the germinal epithelium, and begin active 

division to form oogonia which accumulate in large numbers. Lobules in the 

deep surface of the germinal epithelium are derived from clusters of three or more 

oogonia, which swell out as cortical cords on the ninth day of incubation. 

Before hatching, the ovarian cortex is thickened by connective tissue stroma 

which surrounds and separates the cords and medullary core. 

Oviduct development is closely synchronised to that of the ovary 

(Van Tienhoven, 1959), which produces stimulative hormones, but the response 

also depends on vitamin B12 and folic acid availability. Normally only the 

left Mullerian duct in the female gives rise to an oviduct and the right duct 

degenerates about halfway through incubation, and usually a complete regression 

occ.ur s in the male embryo. 

Oogenesis begins at the eighth to eleventh day of incubation in the 

female embryo, with a phase of rapid germ cell multiplication. Two or three 

days later the oogonia transform to primary oocytes, and remain in this state 

for the remainder of incubation and at least another four to five months, un-

til the first meiotic division just prior to ovulation. An avian egg is 

characterised by massive proportions of non-germinal, nutritional and 

protective substances about the tiny germinal disc. The ovarian contributions 
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can be c ons idered at tw o leve ls ;  nuc lea r. and c ytop lasmic , which pr oceed 

i ndepe ndent ly t oward a sy nchr onis ed maturati on. The cyt op lasmic or y olk 

acc umu lati on c ontinues v ery s lowly u nt il  a rapid acc elerati on i n  gr owth occurs 

in th e f ourt ee n  days b ef or e  th e oocyt e is due t o  ovulate.  M ei osis i n  t he  

g er minal p orti on, r educ es th e pr imary ooc yt e t o  a hap loid s ec ondary oocyt e ab out 

fiv e t o  t wo  h ou rs b ef or e  ovulati on. Th e ext ruded f irst p olar b ody r emai ns 

near th e g ermi nal disc b eneath th e oocy te vite ll ine membr ane.  If th e f owl 

is mat ed ,  th e s ec ond m ei otic divisi on a nd extrusi on of the s ec ond p olar b oey 

oc cur as a sp ermat o�oon p enetrat es th e g ermi nal area. H owev er, in an u n-

f ert ilis ed s ec ondary ooc yte, m ei osis is t hought t o  b e  ar rest ed at th e s ec ond 

m etaphas e 1 a nd th e egg la yed as such. Ols en ( 1967) sugg ests  t hat dip loi dy  

may b e  r est or ed by the re -entry or nondis ju ncti on of th e s ec ond p ol ar  b oqy, 

leadi ng t o  ab orti ve, alth ough occasi onally succ essful, par th enogenetic 

d ev elopm ent. 

C onsid eri ng th e c ompl ex pr oc edur e that da ily egg producti on ent ails;. 

fr om th e s equ ential mat urati on of th e oocyt e nuc leii and massiv e y olk f ormati o: 

i n  th e ov ary, t o  th e ovulati on, f ert ilisati on, and passag e i n  th e oviduct with 

rapid d ep ositi on of m or e  nutritiv e a nd pr ot ectiv e sub stanc es trans port ed by th e 

bl ood sys tem,  th en ovip ositi on; it is assum ed that a neur o-horm onal s yst em is 

resp onsibl e f or th e synch ronisati on. 

H orm ones appare nt ly inf lu enc e  th e re �oductiv e cyc les i n  f owls much 

as th ey d o  f or  m ammals. Th e a nteri or pituitary produ ce s  follic le-st imu lati ng 

h orm on e  (F. S.H . ) which st imulates se mi nifer ous tu bule gr owth and sp ermat ogen esis 

i n  the m ale, and ovaria n follic le gro wth in the fema le. A luteinis ing horm one 

(L.H. ) simi lar t o  m ammali an LH, is th ought t o  stimu late dev elop ment in t he  

testis interstitia l c ells and c aus e  o vulati on in th e female. Howev er, 

investi gat or s  disa gree over th e c omp ositi on and fu ncti on of this h orm one, ar 

gr oup, which has been n amed : ovulat ion -i nduci ng h orm one (o. I. H. ) , ar i ntersti ­

tial -ce ll-st imu lat in g h orm one (I. C. S.H.) 1 ar avi an LH. The h orm one is 
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responsible for stimulation of interstitial Leydig cel ls in the maJ.e and the 

induction of ovulation in the female. Prolactin hormone, also produced in 

the anterior pituitary, induces broodiness in susceptible breeds and su ppresses 

FSH output. 

At least three gonadal hormones a ppear in both sexes, but their site 

of production and exact modes of influence are not clear. Androge ns are 

probably produced in the Leydig or interstitial cells, of the testis and 

ovarian medulla. The principal ar.rlrogen, testosterone 1 is responsible for the 

striking comb growth in the juvenile male, and together with other genetic and 

pnysiological factors, influences the changes in cockerel voice, temperament, 

libido and plumage. Circulating testosterone has a suppressive feed-back effect 

on pituitary LH output. Oestrogens have equally dramatic effects on the oviduct, 

near the time of sexual maturity in the female. They are also respons:ilile for 

some sexual dimorphism, and influence the accelerated metabolic processes for 

egg production demands. Oestrogens are probably produced in the theca cells 

of maturing follicles. 

Progesterone is thought to be produced in both sexes. Fraps ( 1955) 

has suggested that progesterone could be the 'excitation hormone' 1 secreted from 

the maturing follicle. He postulated that the hormone accumulated in the 

blood until there was sufficient to stimulate a diurnally varying neural 

mechanism, responsible for the release of om from the pituitary. The pitu­

itary is responsive f'rom about 11 p'.ni. to 8 a. m., thus the ovulation which occurs 

about six hours after OIH release, is confined to 5 a.m. to 2 p.m., with 

oviposition about twentyfour hours later. 

During a laying phase 1 the avian reproductive tract is geared to 

daily ovulation, egg formation and oviposition. Normally the riglrt wary is 

rudimentary and the right oviduct regresses completely in the adult. The left 

ovary is suspended by mesorchium near the anterior-ventral surface of' the 

kidneys. It consists of an irregular medullary stroma, histological.ly similar 
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9. 

to the testis interstitial cells, surrounded by the cortical tissue. Sev­

eral thousand vasculated follicles all containing an oocyte, arise from the 

ovarian cortex, am mature sequentially under hormonal control. Only a small 

fraction of the follicles are ovulated. 

The oviduct consists of f ive distinct fu nctional parts. A funnel­

shaped infundibulum lies partially free-moving in the abdominal cavity below 

the ovary, and is stimulated to engulf the ovum immediately after ovulation. 

The magnum is a long and highly gland ular portion of the oviduct responsible 

for egg protein formation. After about three hours the egg passes into the 

isthmus where it receives the two egg shell membranes. About one hour later 

the egg moves into the glandular and muscular uterus, where a watery ut er ine 

fluid and salt mixture dilate the sof't contents as the egg shell components are 

deposited, over another eighteen to twenty hours. A short junction separates 

the uterus f'rom the vagina which opens into the cloaca. 

1.3 Resemblance of Avian and Bovine Repcoduction. 

Artificial breeding has been applied to dairy cattle on a large 

scale; initially to provide a cheap breeding service for small farms, but 

in recent years some schemes have been extended as part of a genetic programme 

to improve production traits in the national dairy herd. The research int;o 

bovine reproduction and a rtificial breeding has some application f'or poultry. 

Although the basic reproductive process.es a re coumon to all verte­

brates, the physiological and behav.Dural sequences vary. The most important 

difference .. is the oviparous reproduction of the fowl and the viviparous 

gestation in the cow, and these functional differences are reflected in the 

anatomy of the reproductive tracts (see Figure 2). 

Avian and bovine males exhibit more similarity than females, in their 

reproductive characteristics. Some investigators regard certain structures 

in the cock as analagous to those in the bull, on the basis of semen biochemistry, 

but discrepancies arise from different semen collection techniques. The 
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main anatomical differences are the well-developed accessory organs, and 

position of the testes, in the bull (see Figure 1 ) . The scrotal sac containing 

the testes and epididymi is suspended from the abdominal cavity, and thenno­

regulatory control is maintained by muscular elevation to the optimum temperature 

for fertility. Separate vasa deferentia extend from each testis through the 

inguinal canal, fanning dilated ampullae at the opening into the urethra. 

Paired seminal vesicles and a small diffuse prostate gland, around the ampullae, 

and paired bulbo-urethral glands, all drain into the urethra. There is some 

controversy whether the glandular copulatory organs in the cock corresponds to 

some mammalian accessory organs (Nishiyama 1954 ), or not (Lake 1957a, Lake 

and Mcindoe 1959 ) , although Lake ( 1957a) notes some important similarities of 

the avian ejaculatory ducts and mammalian penis. These anatomical differences 

are the main cause of variations in semen collection and insemination technique. 

Semen biochemistry. 

Bovine semen is composed of spermatozoa, plus secretions from the 

testes and excurrent ducts, and specific secretions from several accessory organs. 

This represents a higher evolutionary development than the testes plus modified 

duct system of the fowl, of which one consequence is the superior spermatozoa 

storage in the bull reproductive tract. Unfortunately fowl semen cannot easily 

be collected during natural mating, so most analyses are made on semen collected 

after artificial stimulation, or extracted from the vasa deferentia. Neither 

method would necessarily obtain the natural ejaculated semen. Mammalian semen 

composition varies greatly between species, partly due to the relative contri­

butions of their accessory glands. 

Examples of mammalian and avian semen volumes and spennatozoa 

concentrations, of ejaculated semen (from Mann 1964), are shown on the 

following page: 



TABLE A. 

Specie s Vol. Ejaculate (ml.) Sp. Density (per �1.) 

B'at 0.05 6,ooo,ooo 
Boar 250 100,000 
Bull 4 1 ,ooo,ooo 
Cock o.s 3,500,000 
Drake 0.3 3,500,000 
Man 3·5 100,000 
Turkey 0.3 7, 000,000 
Ram 1 3,000,000 

Seminal plasma in the bull is composed of secret ions f'rom the 

epididymi, vasa deferentia, ampullae , seminal ves�s , prostate, bulbo-

urethral and urethral glands; and serve s as a medium and Yehicle for 

sper�atozoa. Accesso� organ secret ions are initiated and controlled by 

androgens produced in the testes .  The secretions ar e  characterised b y  the 

presence of such sub stances as citric acid , fructose and glycerylphos pharyl-

11. 

chol ine , which rarely occur in such high concentrations elsewhere in the body. 

Granules and globules, apparently of cellular origin, in the secretions indicate 

cont inual change s  in the epithelial structure of the glands .  

Some o f  these feature s apply to the fluid arising from the cloacal 

tissues of the fowl , during semen collection. Nish�ama (1954) suggested 

that the copulatory organs correspond to the acce ssory glands of mammals with 

respect to physiological funct ion, f'rom his experiments recording the effect of 

andro gen on the ciLoacal tis sue . Lake and Mcindoe (1959) considered that 

natural seminal pla sma was derived from the te stes, epididymi, vasa efferent ia , 

and vasa deferent ia, with small and incidental addit ions from the cloaca during 

mating. 

A natural ejaculation in the bull is instantaneous , b'd.t with electric 

stimulation it is poss ible to colle ct several spl it-ejaculate fractions, mich 

can be attributed to one or more regions of the genital tract. Citric acid and 

fructose or iginating mainly from the seminal ve sicle s, and glycerylphosphory-

choline from the epididymi , are at particularly high levels in bull seminal 
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plasma, yet negl igible or absent in cock plasma. Chemical analyses of semen 

are presented in Table B ,  from tables compiled by Mann ( 1 964), Lake , Butler , 

McCallum and Mcintyre ( 1 958a ) ,  and Lake and El Jack ( 1 964). The wide range of 

most values indicates the large variation incurred by artificial methods of semen 

collection. 

TABLE B .  

( Bull values are semen conc entrations , cock values are 
seminal. plasma concentratd.ons ) .  

Cock Bull 
mg,(i"{5([ ml. Range mg{i"'O'" ml. 

Ca1cium 8 6. 9 - 9. 3  34 
Chloride 205 1 97 - 21 2 371 

Citric Acid negligible 720 
Creatine 92 72- 1 1 2  3 
Fructose none from testes or ducts 540 

Glutamic acid 1 ,067 890 -1 ,340 0.35 
Glycerylphosphoryl-

choline 350 
Lactic Acid 34 35 
Non-protein nitrogen 1 77 1 40 - 275 48 

Potassium 43 39 - 4-9 288 
Pyruvic Acid 2. 9 4.7 

Sodium 393 379 - 428 1 09 

Mating 

R._ange 

24 - 45 
309 - 433 

340 -1 ,1 50 

280 - 770 

1 1 0  - 496 
20 - 50 

1 50 - 41 5 

57. - 201 

In dom�c dairy cattle spermatogenesis and breeding proceed 

throughout the year in most environments, with the peak of sexual activity 

during the summer in temperate cl:imates.  The cow displey-s relatively uniform 

twenty one day oestrous cycles,  throughout the year. Only during a short 

oestrous which lasts for about eight to twentyfour hours, depending on 

environmental conditions and the stock, will she accept the bull for mating. 

Ovulation occurs :f'rom two to twentysix hours a.f'ter the end of oestrous 

ani the ovum is capable of fertilisation for up to six hour s ,  in the fallopian 

tubes. Hence functional spermatozoa must be present in the tubes in sufficient 

numbers at this time, or a successful conception cannot occur for at least 

another three weeks. Spermatozoa are thought to require at least 6 hours in 



the female tract for capacitation, and retain their fertilising capacity only 

twentyfive to thirty hours after e jaculation. Conception from natural mating 

therefore is very dependent on the animals recognising the oestrous, having 

access to each other, and at least one satisfactory mating before or soon after , 

owlation. Under natural or farm conditions the bull is required to mate far 

l ess  than a cock, but it is imperative that functional spermatozoa are available 

when an oestrous occurs. If conception does not occur the cow w ill continue 

oestrous cycles with ovulations every three weeks, but if fertilisat ion and 

implantation are successful , the cycles will not normally resume until at least 

three weeks after calving. 

Important differences  in avian and bovine reproduction can be noted 

here: the domestic hen ovulates daily and has the capacity to retain functional 

spermatozoa in-vivo for about fourteen days and sometime s up to thirty days, 

while the cow ovulates every three  weeks and can not store sperm in the oviduct 

over twentyeight hours.  Vlb.ereas the cow will only mate near the t ime of 

owlation, the hen will mate at any time virtually irrespective of egg production 

or the number of spermatozoa already in the oviduct. 

Fewer differences distinguish male mating behaviour . Mating is 

init iated by the cock, and subje ct to time of day and environmental stimuli, 

rather than any cond ition of the hen. Spermatogenesis proceeds at an 

extremely high level in the cock and there is relatively low storage potential 

in the male reproductive tract, so it usually mates with many female s throughout 

the year. In contrast , the bull can not mate an anoestrous cow, spermatogenesis 

proceeds at a relatively lower rate, and the bovine epididymi are equipped to 

store sperm. 



A. Review. 

C H  A PT E R 2. 

Semen Production and Release. 

14 

An insemination programme is dependent on th e ability of the male 

fowl to release f unctional sem en when it is artificially stimulated. Two 

sets of factors are responsible: intrinsic effects on semen production, and 

interacting mental and physical. influences on the release of semen. Where 

poultry management is satisfactory, semen release is usually the limiting 

factor during a collection. 

2.1 Spermatozoa Production. 

Phys iological aspects. 

It is difficult to assess the precise effects of nutrients 

on sex:uaJ.. activity 1 f'rom the literutur e available. 

Restricting protein to growing ma les has been shown to reduce live 

weight gain and delay sexual maturity, but full restoration of spermatogenesis 

occurs w hen adequate protein is available (Wilson, Waldroup, Jones, Duerre 

and Harms 1 965 ) .  Jones, Wils on, Harms, Simpson ani WaJ..droup (1 966),  

demonstrated that sexual maturi� was del�d b y  an average eight weeks, 

when protein was restricted below 9% in growing cockerels. No significant 

differences in semen characteristics persisted when 17% protein was fed from 

twentyone weeks of age. Arscott and Parker (1963), recorded small differences 

in the fertilising capacity of semen from mature males fed from 6.  9'/o to 

16.9'/o pr-otein for trumtythree weeks, but concluded that the range was insuff­

ient to cause important changes as all amino acids were above minimum 

maintenance levels in the low-protein ration. 

A restriction in emrgy intake causes a more severe decline in 

spennatogenesis. Parker and .Arscott ( 1964), reported significant declines-
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in semen volume, semen fertilising capacity, body weight and testes we ight , 

where daily energy intake was decreased from 230 Calories to 1 43 Calories. 

They sug gested that an energy restriction responsible for an 1 1  to 1 6% loss 

in liveweight wo uld also decrease serren volume, and a 30% loss in weight would 

preclude infertility. 

Vitamin deficiencies produce quite spectacular effects in the 

sexual activity of male fowl. Paredes and Garcia ( 1 959 ) ,  reported severe 

effects from hypovitaminosis A on reduced spermatozoa motility and density, 

incre.ooed % abnormal cells, and a tendency to temporary sterility. Apparently 

spermatozoa quality was particularly sensitive to vitamin A levels, as semen 

volume and general health were not significantly changed. Vitamin E is 

thought to protect the integrity of spermatozoa as an anti-oxidant. Arscott 

and Parker ( 1 966), demonstrated that vitamin E was effective in countering 

the effects on reduced fert�ising capacity and spermatozoa concentration, of 

h igh levels of unsaturated linoleic acid. Semen volume, hatchability of 

fertile eggs, body weight and testes weight were not signifi cantly affected 

by hypovitaminosis E (.Arscott, Parker and Dickinson 1 965).  Recently 

vitamin C has been implicated in semen decline du ring high temperatures. 

Perek and Snapir ( 1 963 ) ,  found supplementary ascorbic acid during the summer 

months in Israel, stimulated faster growth rate and earlier sexual matur ity, 

and maintained higher samen production in mature males. Perek ( 1 965, 1 966 ) ,  

suggested that under certain conditions fowls are incapable of synth esising 

their ascorbic acid requ irements , and depend upon exogenous supplies to 

maintain sexual activity. 

Many diseases adver sely affect the sexual activity of male s, but 

speci:f'ic influences on spermatoz oa formation and quality, h ave not been 

investigated. 

Genetic variations in semen production have been well documented. 

Difference s betwe en strains in the onset of spennatogene sis am sexual acttivity, 



sexual maturity (Williams and McGibbon 1956, McDaniel and Craig 19591 Se.e.ki 

1963b, Tindell and .Arze 1965, Fomin 1966), and the persistence of seme n 
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production (Perek and Snapir 1963), indicate inherited traits. Some factors 

of semen quality are co nsi dered to be genetically determired; Cooper and 

Rowell (1958), reported that most of the variation between cocks'infertil ity 

was attributable to spermatozoa motility, % dead or metabolic activity, which 

are themselves related. Soller, Snapir and Schindler (1965), derived the 

heritability and repeatability of semen volume, 0.41 and o. 78; 

spermatozoa concent ration, 0.46 and 0.79; and spermatozoa motility, 0.87 

an d  0.83; respectively. Saeki ( 1962 b ), rep orted highly significant 

dif'ferences between turkey males in the percentage of crooked-neck spermatozoa 

in fresh semen. 

The physical attributes of male fowl seem to reflect rather than 

determine sexual activity. Fransen, Andrews and Carrick ( 1955), reported 

highly signif'icant correl ations between testes weight and comb weight, comb 

weight with body weight, and testes with body weight. Grosse and Craig 

( 1960), recorded that sexual maturity and natural mating behaviour, were 

retarded in cockerels which were dominated during raaring, but without 

impairment of potential fertilising capacity. Goodwin, Cole, Hutt and 

Rasmussen (1955), co nsidered inherited endocrinaJ. abnormalities of cockerels, 

could have been partly responsible for l ow fertility in a strain of 

Leghorn fowls. 

There is some doubt whether semen quality is affected by the 

frequency of ejaculation and release of semen. Boone (1964), compared 

two-per-month and three-per -week semen collection frequencies and found no 

significant differences in semen volume, spermatozoa density, spermatozoa 

per ejaculate, motility or vigour, but a tendency to declining body weight 

in the latter group. However, El Jack and Lake ( 1966), reported a n  

increasing percentage o f  abnormal spermatozoa from males rested more than tw• 



weeks, and a return to normality after �requent-ejaculation. 

Lake (1 962 a ), concluded that spermatozoa production was maintained 

in the adult fowl, and fluctuated less than the seasonal changes o� mating 

behaviour. 

Environmental Aspects. 

Temperature effects on semen pro duction are closely related to 

otr_er environmental factors, particularly the light and season. Apparently 

spermatogenesis is not curtailed by a wide range of ambient tcm:::-eratures; 

Lamoreux (1 942), observed no relationship between temperature an d infertility 

0 0 
over five years, when the weekly mean ranged from 23 to 50 F. Long and 

Godfrey (1952), found no evidence for reduced fertility or natural mating 

of males, in temperatures ranging fiom 1 2° to 88°F. provi ding there was no 

freezing injury, but observed that mating declined in periods of high 

minimum temperatur e. Pt-obably some temperature influences on semen 

production are indirectly effective tl:1.rough feed consumption, humidity, 

light and ag ing. In Israel, Perek and Snapir ( 1 963), and Perek ( 1 966) 

found no correlation between temperature and spermatozoa concentration or 

semen volume. Kamar and Badreldin ( 1 959), suggested that environmental 

factors influenced semen through endocrinological paths; temperature via 

the thyroid gland, ani light via the pituitary. They found no restricted 

breeding season with Fayomi cocl:s at Giza, Egypt, but thought that 

seasonal effects on qualitative traits could differ fiom those on quantit-

ative aspects such as semen volume or total spermatozoa, because of different 

anatomical origins of semen. Higher temperatures were demonstrated to 

accelerate sexual maturation in cockerels, but after maturity c a used a 

re�ractariness in spermatogenesis which was accentuated by excess light 

(Ingkasuwan and Ogasawara 1966 ). In a controlled and specific experiment 

Boone and Huston (1963), increased ambient temperature by 10°F. per hour, to 

104°F. and 65}& relative humidity, but �alled to get any const ant significant 
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effects on mature White Rock maJ.es. Semen volume and spermatozoa 

concentration declined in soroo trials, but without any correlated fertility 

effects. Apparent� there was no relationship between spermatozoa quality 

and temperature, as motility, vigour and fertilising capacity were not 

affected by the changes in body temperature.  

The duration of light is considered to influence semen production 

by stimulating increased gonodntrophin secretion from the pituitary (Benoit 

and Assemnacher 19 59), and by }lt"Oviding the bird with long feeding time. 

Growing cockerels respond to light stimu+ation by accelerated sexual 

maturation (Parker and McCluskey 1965, Ingkasuwan and Ogasawara 1966), and 

once fully mature, semen production is strongly influenced by light­

temperature interactions. Lamoreux (1943), demonstrated the variation in 

semen volumes from males subjected to artificial light regimes. He concluded 

that the threshold for semen production was between nine and twelve hours 

daily, and that intermittent light was more stimulatory than a single 

exposure per day. This was conf:irmed by Wilson, Siopes and Mather ( 1965) 

with Japanese q uail. Heys (1954), reported that temporary supplementary 

lighting increased the fertilising capacity of aged cocks in natural matings, 

but had no significant effect on young stock receiving adequate light. 

Most investigators agree that excessive light stimulation produces 

sexual refractoriness and attribute this to increasing concentrations of 

gonadal hormones suppressing the sexual activity of the pituitary gland. 

The experiments of Parker and Me Cluskey ( 1964) , suggest that the fertilising 

potential of adult male fowls is not d:irectly signif'icantly affected by 

photoperiodism, and that reduced light regimes may favour extended semen 

production. Bajpai ( 1963), reported significant improvexoont in the seroon 

quaJ.ity and quantity of mature cocks when their daily light period was 

increased from twelve to sixteen hours, and a corresponding decrease in 

semen quality from a comparable decline to eight hours per day. However 
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s ignif i cant change s in the per cent l ive or normal and dens ity of s permatozoa 

do not nece s sarily pr eclude v ar iations in fertilis ing c apacity of semen. 

Light cycles , probably with ass o c iated inf luenc es of fe eding and 

mating act i�ity, are cons idered to produce a diurnal rhythm in seme n 

produ cti on indicated by mit ot ic act ivity in the te ste s ( Lake and WoodG.ush 

1956) .  Mac Cartney (1942) , detected a s ign if icantly higher numb er of divid-

ing cells in the period betwe en 1330 and 0400 hour s ,  than between 0600 and 

11 30 hours , with maximum act iv ity at midnight. 

Se asonal influence s  are cons idered to ari se from age , lig>t , 
temperatur e ,  and other non-specif ic factor s wh ich vary with stock , management 

and locat ion. Inve stigat ions in the temperate latitude s suggest that semen 

fertilis ing potent ial is highe s t  in the spr ing , but it is difficult to 

general ize further ( Parker and McSpadden 1943 a, Schindler , Volcani and 

We inst e in 1 957, Kamar and Badreldin 1959, Perek 1966). 

Hous ing , management and sexu al activity , have been impl ic ated in 

envir onmental effe c t s  on semen pr oduct ion. 'Nhen individually cage d , males 

have no natural opportunity to rel ease semen , and El Jack and Lake ( 1966) , 

reported a decl ine in sp ermatoz oa quality which they attr ibuted to 

sene s cence in th e re product ive tract. Al. ternatively (Fomin 1966) ,  

postulated that e xcess semen r ele ase accelerated spermatogene s is , re sul ting 

in the production of we aker s.. permatozoa with reduced f ertil ising capacity. 

B oth investigations sugge st that spermatozoa quality is dependent on an 

optimum release r ate of semen. 

The effects of hous ing male s away :from the female s ,  in separate 

cages o� flocks , have not b e e n  cle arly resolv ed. S ia gel and B e ane (1963) ,  

and Woo dward and Abplanalp ( 1 966), re c orde d s ig n:i:f' icantly l ar ger semen 

volume s from cage d eo ckerels and turkey males , resp ectively, a1. though 

Parker and Mc Clu skey (1959) , co ns idered semen volume was not affe cted. All 



the reports conf'irmed that fert ility was not impaired. 

2.2 Semen Rele ase and Colle ction. 

20. 

Collection of' seme n  satisfactory for insemination is relatively 

e asy in the fowl . If' fu nctional spermatozoa are pre sent in the reproductive 

tract , the bird can be s exually st fululated and induc ed t o  e j aculate them. 

The succe ss in obtaining ade quate and pure semen ,  depends on a phys ical and 

psycholog ical interaction between b ird and man. 

Rele ase . 

The psychol ogy of' e jaculat ion in fowls is not well documented. 

Most authors asse ssed the mental state of' the male dur ing art if' icial seme n 

collection or natural matings , by the display of' l ib ido , courtship , so cial 

aggress iveness , and other non-sexual emot ions such as fear. Lake (1957 b ) , 

class ified male temper ament and reaction to collection, as quiet , excit able 

and frightened , and re lated the compos ition of the semen e jaculated to the 

temperament , handl ing method and stage of breeding cycle. McDaniel and 

Craig (1959), e stimated the phenotypic assoc iations of so c ial aggressive­

ness , and sexual effe ct ivene ss 01:' l ib ido in co ckerels and crouches elic ited 

in pullets , as being significantly corr elated with one another in natur al 

matings. For c aged male s ,  the genet ic determination of l ibido m� be le ss 

effective in modifying semen rel ease than the re spons e to handling 01:' 

training habits (Wood-Gush 1960). 

Ejaculation is extremely rapid dur ing mat ing or art ificial 

collection from the cockerel . Semen in the bulbous di stal vasa deferentia, 

is expelled through t he e jaculatory du ct s onto the erectile tissue of the 

proct odaeum pr obably by muscular contraction of the anal sphincter. After 

relaxation of the muscles , abdominal pre ssure forces semen from the proximal 

vasa deferentia into the bulbous dist al end (Burrows and Quinn 1937). 
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Physical responses during artificial stimulation vary; massage is not 

necessarily followed by spontaneous e jaculation and some pressure near the 

vent is usually requ:ired to express the semen. Further responses to massage 

are progressively harder to elicit and the qual ity of the ej aculate usually 

deteriorates (Lake 1962a, 1967 ) . 

Artificial collection. 

Several different methods of extracting or colle cting 

functional semen from cockerels , have been reviewed by Burrows and Quinn 

(1937), and Kamar (1958 ). Apart from killing the males and squeez ing 

semen from the vasa deferentia, semen maybe extracted from the cloaca after 

mating, or intercepted by artificial cloacas or contraceptives during a 

natural mating. Most of' the recent methods are one or two-man adaptations 

of' the massage ani stimulation technique described by Burrows and Quinn (1937 ) . 

Gabriel (1957) outlined a method of restraining males in an inverted cone 

during colle ctions, and some investigators  have strapped the b irds to snall 

trestles to reduce resistance and obtain good quality semen , sometime s without 

touching the c opulatory organ (Kamar 1958 ). 

The freque ncy of semen collection from individually caged males, 

influences both the semen quality and the learned response to handli.ng. 

There is general agreement that good and frequent collections predispose 

faster and more natural cockerel resp onses, but the relationship between semen 

turnover and quality is not resolved (McCartney, Chamberlin, Car.ter and 

Wyne 1958, Boone 1964, El Jack and Lake 1966) . 

2.3 Semen composition and e�uatio� 

Fgrsical and chemical characteristics. 

Semen consists of solids and fluid arising from s everal 

anatomical structures ,  mixed at v�ing concentrations in an e jaculate. 
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Lake (1957b),  considered that some components of semen were artifacts , or 

contaminants which arose from unnatural movements during collection. He 

isolated ten components in semen , which were attributed to sources associated 

with the reproductive tract. Spermatozoa from the testes plus an opaque 

fluid secreted in the epidi�i and vasa deferentia , constituted true semen . 

A clear mucinous continuous secretion from the epithelial lining of the 

erectile tissue in the cloaca, was thought to be a passive supplement to 

true semen.  A white solid precipitate of uric acid ,  semi-transparent buff 

coloured fluid containing urates, and clear fluid containing uric acid, 

were all thought to originate from the ureter s. Yellowish fatty material 

observed in the semen from some young cockerels was considered to be debris 

from the maturing duct system. Blood transudates and red blood cells which 

were squeezed from superficial sinuses in the erectile tis sue , and faeces , 

were attributed to poor collection technique.  

Bacterial contamination occurs as the seiOOn passes through the 

cloaca ani duri ng storage in-vitro. Gale and Brown ( 1 961 ) , demonstrated 

that turkey vasa deferentia seroo n was free of bacteria ,  but obtained 

concentration estimates of from nil to 2,700 million bacteria per sample 

of ejaculated s emen. 

Chemic al analyses of semen re:f'lect the variations between ejaculates , 

particularly in the proportions of cl oacal fluids. A more comprehensive 

record of analyse s is pre sented in Table C ,  which augments the introduction 

in Section 1 .  3· Table C is shown on the following page . 

Spermatozoon structure. 

F owl spermatozoa are cylirxirical motile cells ,  about 100 

microns in le ngth. The head region is compos ed of a large dense nucle'l..m 

which is capped anteriorly by acrosome material (see Figure 3) , including a 



TABLE C. 

Calcium 
" 
" 
" 
" 
" 

Sodium 
" 
" 
" 
" 
" 

( ckl ) 
( cock) 

(ckl ) 
(cock) 

Potassium (ckl)  
" ( cock) 
" 
" 
" 
" 

Phosphorus 
Chlorine 

" 
" 
" 

Magnesium 
" --

HF04_ 
HOJ 
Non3protein nitrogen 
P,yruvic acid 
Lact ic acid 
2-oxo-glutarate 
glutamic acid 

" 
" 

creatine 
arginine 
lysine 
ammonia 
urea 
nitrogen 
inositol 
glucose 
glycerol 
erythritol 

Chemical Analyses of Fowl Semen. 

Seminal Plasma Spermatozoa 
Average S .D  or Range Average S.D 

3·3  mEq/L 
3. 8  " 

8 m&"1 OOml 
4.2 " 
7 .0  " 

2. 0 mEq/L 
1 71 " 
187 " 
393 mg,l1 00ml 
383. 1 " 
337.7 11 

1 61 mEq/L 
1 2. 6  " 
1 7. 0  " 
43 m&"1 OOml so. 3 " 
44.8 " 

1 3.0  mEq/L 
7• 5 mfY':1 00ml 

205 mg/1 0Chl 
1 31 .2 " 
497 ·3  " 

37. 0  mEg/L 
6. 1  mg/1 0Qnl 
5. 0 mEq/L 
2.0  " 

20.0 " 
1 76.8  mg,/1 OOml 

2. 9 " 
34 11 

21 . 1  
1 067. 5  
1 033 
1 1 78 

92.4  
1 8 . 5 
2.4 
3. 2  

29.4 
1 80 

20.4 
3. 1  
2.8 

11 

" 
" 
" 
" 
" 
" 
" 
" 

11 

" 

" 

11 

+ 0.45 
+ o.85 + 0. 9 + 0. 2 
:± 0.4 

+ • 71 
+ 7 + 4- 1 
:±27. 7 

+ 0. 2 

+37· 5 + . 05 + 1 . 2  + 2.05 + 1 36 
:±91 

.±,31 .7 

902 mg,/1 00ml.:t,48 

1 92 .5  m&" 1 OQnl 

10. 7 
1 2. 8  
1 5.8  
0 

8.8 
1 1 . 2 

5.0 

" 
" 
" 

" 
" 

Reference 

1 
1 
1 
5 4 
8 
1 
1 
1 
5 
4 
8 
1 
1 
1 
5 
4 
8 
3 
1 
5 
4 
8 
5 
8 
8 
8 
2 
5 
5 
5 
2 
1 
7 
2 
7 
7 
7 
7 
4 
6 
6 
6 
6 

References to Table C :  ( 1 ) Lake , Butler
, 

McCallum and Macintyre (1 958 ) ;  
( 2 }  Lake and Mcindoe (1 959 ) ;  ( 3 )  Lake ( 1 962b ) ;  

l

4

l 
Hammond

, 
Boone and Barnett (1 964 ) ;  (5 )  Lake and El Jack (1 964 ) ;  

6 Ahluwalia am Graham (1 966 a) ; ( 7 )  Ahluwalia and Graham (1 966 b ) ;  
8 Lake am El Jack ( 1 966 ) • 

• • • • • • • • • • • • • • • •  
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DI.AGRAMATIC PRESENTATION OF THE 
MORPHOLOGY OF THE SPERMATOZOON 

Of GALLUS GALLUS (DOMESTIC FOWL) il 
iff:.� ---- n j� l \  

l 
' � 
� ----

A -J: Cross -sections of the spermatozoon at the regions indicated .  Opposite D is a longitudinal section taken 

at right angles to the section of the whole spermatozoon . 

A, Acrosome cap; b, Amorphous layer; c, Acrosome spine; d, Nucleus; e ,  Implantation plate surrounding 

- the proximal centriole ;  f, Distal centriole; g, Axial cylinder; h, Annulus; i, Tail sheath . 



spine which extends into the nuclear material and is characteristic of 

poultry spermatozoa. 

The midpiece region contains two centrioles and axial cylinder 

enveloped by a mitochondrial helix of seven gyrae , (Dingle and McCosker 1967). 

An implantation plate at the junction of the head and midpiece surrounds the 

proximal centriole which is orientated at right angles to the longitudinal 

axis of the cell. The distal centriole , also a tubular structure , lies 

along the anterior midpiece , and posteriorly is transformed into the axial 

filament. As in mammalian spermatozoa, the axial filament is composed of 

two central fibres surrounded by a r ing of nine doublet fibres .  

An annulus marks the beginning of the principle piece of the tail ,  

where the axial filament is covered by an amorphous tail sheath which 

gradually diminishes in thickness until it exposes the axial mater ial at 

the endpiece. 

A plasma membrane surrounding the whole cell appears loosely 

attached at the head and midpiece,  and probably causes the confusion over 

cytoplasmic drops and sheaths in the investi gations of fowl spennatozoa. 

Semen evaluation. 

In spite of extensive re search over many year s ,  investigations 

have not been able to predict the fertilis ing capacity of spermatozoa from 

laboratory examination of normal ejaculates.  Extreme features of aspermia , 

grossly contaminated or degene rated semen, can usually be detected at the 

time of collection. 

The main criteria of sem n cpality currently used are : semen 

voluma ; spermatozoa concentration; spennatozoa mot ility ( Cooper and 

Rowell 1957, 19.58 , Perek 1966); re sazur in reduction time
, 

or other methods 

of indicating spermato zoa metabolism by chemical change s ;  perce nt live 

spmnatazoa (Bonadonna
, 

Pazzi and Olgiati 1954); perce nt  abnormal spermatozoa 

(Saeki and Brown 1962 b ) ; resistance to temperature shock (Wale s and White 
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1959) ;  and changes in initial hydrogen ion concentration ( Snapir and Perek 1 964). 

B. Re search .  

2.4 Materials . 

1 .  Stock. 

Male s  from t wo str ains of s ingle-comb '\Vhite Leghorns , referred to 

as White Control (WC ) and M L ine (:tviL ) ,  to gether with one Black .Austr al orp strain 

(AO ) , were retaine d  from March 196 6  to August 196 7 solely for the s is experiment s .  

The WC males were a heterogeneous group derive d from re ciprocal 

cros s e s  of a l ar ge-bodied unpro duct ive strain which had been developed at Mas sey 

Univer s ity , and the M Line . 

one ye ar of age. 

The cocker e ls aver aged 5.8  lb . live we ight on 

1ffi sto ck had been imported fro� an Australian C. S . I . R. O .  l ine sele ct-

ed for high egg pro duction, in 196 0. The cocker els were phenotypically 

uniform , t ight feather ed , aler t , and sl ightly smaller than the i'f. C .  

The AO males vrere a large-bodied , loose fe ather e d  and heterogene ous 

group derived from thre e New Ze ala.'1d strains. Average l ive we iGht at one ye ar  

of age was 8.5 lb . ,  but the range extended from 6 .7 t o  1 0.7  lb . 

All the male s were intens ively reared on de ep l itter , in one 

controlled environme nt shed. Fr om  hatching , the sto ck re ceived ten hour s 

light per day provided by dull red bulb s. All cockerels were debeaked at one 

or two days of age . 

At nineteen weeks of' age , dur ing  March 1 966, all the s to ck were 

moved to another contro lled e nv:ir onment shed, where they re mained for 

their :troductive lives. The cockerels o ccupied individual cage s 

adj acent to six three-tie r  b atter ie s  cont aining three thousand l eying hens . 
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PLATE 1 .  

A 

A '  

B 

c 

Co ckerel cages . 

wat e r  trough 

pos i tion of original wate r  trough 

f e e d  trough 

top of sliding door to cage 
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In Dec ember 1 966 , twenty o f  the cocks were retained for 

natural matings over the summer , During t hi s  time , two cocks and app-

roxi mately fift een hens per pen , were hous e d  on deep litter i n  small open 

front laying p ens . Twe l v e  o f  t he original sixty mal es , were return e d  to 

i ndividual c ages i n  March� 1 966 for t he remaining exper i ments . 

2 .  Environment . 

The cockerels were r eared i n  mi xed strain and s ex 

o f  approxi mat ely 300 c hi ckens . Natural mat ings oc curred frequently 

dur i ng the j uvenile stage , however it  was i mpracticable to ass ess  s e x  or 

strain social relationships . 

Cockerel cages were s i tuated five yards from t he nearest , 

parallel laying bat t ery . Indi v i dual cages w ere o ne foot wide and t wo 

f e e t  deep and hi gh , w i t h  vertical wire sl i de doors  six i nches abo v e  t he 

cage floor ( see Pla t e  1 ) . The sixty cages w ere suspended two and o ne 

hal f  feet from the floor , in two rows o f  thi r t y  fused  back to back . 

Running wat er was prov i ded in a V-shaped trough whi ch traversed the rear 

par t i t ions of the cage s .  Long feed troughs suspended below the cage 

doo rs were subdi v i ded during nut r i t ion exp eri ments . 

So me temperature control was maintained by the manipulat ion 

o f  low wall  vents and r eversibl e fans at the apex of t he she d .  The 

mean diurnal range vari e d  less in t he wint er months , as under local 

c onditions t he buil ding was bet t er equippe d  t o  conserve t han repel heat . 

Daily maximum and minimum t emperatures near t he cockerel cages were 

r ecorded o ver the 1 966 experimental peri o d ; the fortnightly average 

values are present e d  in Table D and Figure 4 .  
following page . 

Table D is shown o n  the 

Feed was distri buted t hric e  w e ekly and available � 11£ to 

t he cockerels . The ration , a layer ' s  mas h , was estimated to contain 



TABLE D .  

May Jun. Jul .  .Aug. Se p • Oct. Nov. De c .  
1 -1 5-31 1 -1 5-30 1 -1 5-31 1 -1 5-31 1-1 5-30 1 -1 5-30 1 -1 5-30 1 -1 5  

Max. 63 60 61 58 58 57 58 59 61  64 64 66 68 67 69 
r:Ie an 57 55 56 53 5lf- 52 53 53 56 57 57 60  57 60 63 
l/Iin. 51 48 50 48 49 47 47 47 50 51 50 53 54 53 57 

1 5% crude pr otein ,  2. 7>{� f at ,  2. 75� ash , and 1 331 c alorie s  nc t o.bolisable ener gy 

per lb . Whe atme al , at 55:�; was the main grain constituent . '�he premix 

c ont aine d s antoquin , 2 oz. Tr elco vite ( containing 8 million I . U . vit amin A 

per lb . ;  2 million AOAC unit s vitamin n3 per lb . ;  and 4 g .  vit amin B
2 

per 

lh) , plu s o.6 o z .  s e le nium premix plus 1 g. vit amin E plus 2 g. m angane se 

sulphate , per 1 00 lb . of feed; and st one grit was always available . 

Rout ine activit ie s  in the vic inity of the cocker el s include d daily 

automated fe e o ing of t he pulle t s , daily e gg colle ctions , nnd tvuce daily 

remo voJ. of manur e trays . Spe ciD.l activ itie s , which te nded t o  exc ite the 

cocker els , included senen coll e ction and inseminat ion honcll iP..g ; spraying 

o.eodor ant ; cle aninG f<.m cas e s ; moving fe ed , and visit or s . 

L ighting was provide d  by thr e e  pair s  of white 40 watt bulb s suspe nde d 

three fe et abo ve e ach row of the cocker el c age s ,  spaced ab out ten fe et apart. 

The daily light perio d v;as incr e nsed to twelve hour s dur ing March whe n the stock 

entered the laying shed at nine t e en we eks of age . '."the n agcr e gate e gg 

pro duct ion reached 7Cf;S, in e arly Mey , the light perio d  1tus incre a s ed by 

thirty m inutes per we ek to sixte en hour s daily and he ld constant ther eafter . 

3. Equipment . 

Pyrex centr ifuge tube s wer e used t o  colle ct and stor e seme n. 

All the tube s  were hand calibrat e d  with a d iamond pencil to me ter e d  water 

volume s fr om a burett e .  A r e ading accuracy of 0.05 ml. under 0. 5 ml . , 

and 0. 1 ml .  from 0. 5 ml. to 1 . 5 ml. , c ould be obtained , and normally only 

one e j aculate was c olle cted in a tube . The tube capac it y  of 1 5  ml. and 

:tern length of over f our inche s ,  allowe d for diluting and mixing semen. 
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PLATE 2 .  Equipment used for s emen coll e c tion and art i fic ial insemi nation 

Top : tinfo i l  capped centrifuge tubes  in rack . 

Le ft insemination syringe with affixed cann�la .  

Centre : rubber blow tube and micropipette o f  0 . 025 ml . capacity . 

Right : alt ernative glass cannula and 1 5  ml . c entrifuge tubes used 
for t he collection and storage o f  semen . 
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'\The n the sample s were expos e d.  to dl.lst , tinf'oiJ. milk b ot tle tops wer e pre s s e d.  

over the tube tops (s ee Plate 2 ) .  Syr inge s and. small p ipette s wer e us ed. 

for insem inations . Insulin syr inge s with a 2 ml . c apacity ncre adapted. f or 

rapid. us e by inserting a return spring on th e plunger o.nd. a bras s tube 

around the b ore , whic h l imited. the c apac ity to a meter ed. fraction of a 

millilitr e . Glas s cannulae , about three inche s long and a qu arter inch bore , 

or eye dr oppers with t apere d  bulbous tops , were fit te d.  o nt o  the syr ing e s  t o  

hold. and convey seme n  int o the vagina. Two pipette s with cap ac it ie s  of 

0. 025 ml . and. 0.10 ml . , were att ached. to a rubber blow t ube for use in 

experiment al inseminations . 

Sever al diluent s were inve stigat e d. Evaluat i ons of pasteurise d. 

whole milk, Tyr ode s olut ion , Locke 1 s solution and a sodiun -phosphate buffer , 

are r e c orded in l at er chapters . The chemic al c ompo s ition of all the 

dilue nt s  are pr e s e nted in Appendix B. 

A nigr o s in-e o s in dye , c ompos e d  of 30 g. nigr o s in plus 5 g. e o s in  

in 300 ml . di stille d  nater , vtas used throu ghout the study. 

A "Olympus " ,  r,:odel 3CEBI light micros c ope with -:.I" 1 0X eye pie c e  

and 10X, 40X, and 1 00X ob je ctive s ,  was u s e d  f or all micr os c opic as say. 

The 1 00X ob je ctive was used with Car gille gr ade A oil , for :i.r.rr.:er s ion 

stu die s of staine d srre ar s . 

A "As s is tent" bright l ine improved , double Naubauer rul ing , 

haemacytomete r ,  was used for spermatozoa conc ent r ation count s. The 

chamber consisted. of one s quare millimetre divide d.  into twentyfive square s , 

all of which corrt aine d sixteen s qu ar e s  with an ar e a  of 0. 0025 s qu ar e  mm. A 

gap of 0. 1 mm. separated. the chamber and cover slip .  

Glass c ap illary tub e s  of one eight inch inter nal bor e and four 

inc he s long ,  were used to cont ain semen in packed ce ll volume e st imate s .  

An incubator run at 100°F. was used for fertility tests. 
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PLATE 3• Semen collection. 

Pl"essure around the vent being applied dur ing the second phase of 
stimulation during collection. After e jaculation the left hand 
is moved from massaging the cockerel' s  b ack, over the t ail, to  
direct the semen release. 



2 . 5  Methods . 

1 .  Collection. 

Ej aculates vrer e  colle cted by a one -man adapt ation of the 

method proposed by Burrows and Quinn ( 1 937) . Cockerel s were removed fee t  

f :ir st from the :ir cage s and place d  breast down on the operator ' s lap. The 

bird 1 s le gs were held above the hocks by the r ight hand , le aving the left 
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hand free to mas sage the sacral-lumber regions and direct the e j aculation which 

followed (see Plate 3 ). Senen flow was gu ided into a tube by gent le pres sure 

on the extruded copulatory or gan ( see Plate 4) . The tube base was f :irmly 

gripped by the tht�b and forefinger ofi the right hand. This allowed for 

large v ariations in the s iz e  and anatomy of co ckerels , and conveniently warme d 

the part of the tube wher e the seme n quickly settled. Tub e s  vrere then plac ed 

upr ight in a rack , and inc ompletely sealed wit h  tinfoil c aps . 

The physic al re sponse and psychologic al  sto.t o  of ovory male dur ing 

senen collect ion ,  vrerc ass es sed by the mmb er  of s t :imulo..tions re qu :i.r ed to 

elicit semen r ele ase , and the display of exc iteme nt after handl ing , respe ctively. 

A stimulation cons is ted of one or mor e massage s and slight pr e s sure around the 

copulatory organ if the cockerel e j aculated. Sexual de sire of c o cker els 

was sub jectively s c ored from 0 to 5 ,  as lib ido. The asse s sment was made on 

the intensity and dur at ion of c ourtship behaviour , such as strutt ing and 

clucking , immediately after semen rel e ase when the cockerels were retur ned to 

their cage s .  

sequ ence. 

Where pos s ible , male s were handled in the same manner and 

2. Semen evaluat ion. 

1. Semen volume was recorded immediately after ej aculation, 

when the fluid had settled in the centrifuge tube . Faecal and ur inary 

contaminations and debris , and the proportion of cloacal fluid, wer e noted 

dur ing the colle ction. 
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PLATE 4. Semen collection. 

Seroon is being expressed f'rom the tip of' the copulatory organ by 
gentle pressure and streams into the collecting tube. Character­
istically, ejaculation was induced quickly and easily f'rom t he 
Australorp cockerel and the copulatory tissue subsided and reverted 
unless f'oroibly restrained. The sezoon illustrated ,  has been 
deposited exteriorly and appears relatively concentrated and 
uncontaminated by excess oloacal f'luid ar excreta. 
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2. ( a) Subjective e st imates of sp ermatoz oa concentration 

were made by determining the opacity of a fresh s emen sample swirled in 

natural l ight . Opacity was scored from 0 to 11 , and concentrat ion derived from 

a regre ss ion l ine pre sented in F igur e 9. 

(b ) Packed cell volume e stimates of spermatoz oa concentrat ion, 

were made by centrifuging two or three inches of whole semen in a capillary 

tube , at 3000 RPM ( 1 277 RCF ), for fortyfive m inute s .  A semen sample was 

sucked into t he tube , the lower end was flame sealed , and two s amples per 

ej aculate were centr if'uged. Solid matter and supernatarrt plasma were clearly 

demarcated, and were me asured in the tube , to an accuracy of 0 . 03 inche s ,  or 

by the shadow cast on graph paper . 

( c ) F or haemacytome t er count s semen was drawn int o a red 

blood cell pipette to t he 0. 5 marlc , or 1 . 0  mark if very d ilute , and mixed with 

diluent drawn up to the 1 01 mark. O ne drop of the mixture was rele ase d onto 

the count ing c hamber and immediately contained by a cover slip. When the fluid 

was stationary , entire spermatozoa in forty small squares wer e c ounted. Five 

large squares of e ach row and column were randomly cho se n, and e ight of the 

sixteen small square s within these were observed for spermatozoa. 

TABLE E. Haemacytometer s�ares observed for spermatoz oa. 

4 

1 3 

6 
6 8 

13 
9 11 

20 
14 16 

22 

Large squares Small squares .  



In a few instances two separate samples were drawn and counted for 

heterogeneous e j aculates. Spermatozoa were cons idered to l ie in a square if 

the head and midp iec e  lay wholly within or extended over the right or lower 

margins . 

Spermatozoa concentration was c al culated by : 

No. sperm x dilut ion rate 
No . squares counted X 1 

area s quare (mm). X 1 
depth of charge (mm). 

per cub ic millimetr e .  Counts were made with 400 x magnification. 

3. De ad and abnormal spermatozoa were dete cted in s ample s 

stained in nigro s in-eo sin, at 1000 x magnification. About 0. 1 ml .  of seme n 
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was diluted t or �� depending on vis co sity , with d iluent , and mixed in the bulb 

of a red blood c el l  pipette with an e qual volume of Qye . Two dro ps of the 

mixture were rele ased onto a glass sl ide , sme ared and air dr ied , and studie d 

under oil immer sion. 

A total of five to seven hundred spermatozoa were counted in 

several fields of ob servation, to est imate the percent live . If the smear was 

irregular or inadequate , anoth er sample was drawn from the e jaculate . Abnormal 

spermatozoa were r ecorded at the same time . 

4. Motility was sub je ct ively asse ssed from 1 00X and 400X 

magnif ications of one drop of whole semen under a coversl ip. Two 0 to 5 

scale s were used; the f irst f or general swarming motion, and the second for the 

proportion of spermatozoa displ�ing movement. 

3. Artificial insemination. 

A method of insemination without wholly removing the pullets 

from their cage s , was adopted after trial techniques of everti� the cloaca ( see 

Plate 7). The pullet , pulled fee t  f ir st bene ath the :feed trough so that the 

abdominal region could be manipulated , remained in a familiar environment. 

One operator held both legs above the hocks , in the left hand , and exerted 

constant pressur e  anter iorly from the vent with the right hand. Extra pressure 
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was obtained by manipulating the bird ' s hocks. A few recal citrant pullet s  

could not b e  made to evert until they were lifted from the ir cage s and strong 

const ant pressure was applied to t he lower abdominal region (see Plate 8 ). A 

second operator carefully penetrated the everted vaginal opening for f our to 

five centimetres with a glass cannula attached t o  the syringe . ilhen pre s sur e  

was released , semen was expelled as the cloaca reverted and the abdomen relaxed. 

4 .  Fertil ity tests. 

Far most experiments fertility was computed on an individual 

pullet basis , as the percentage of eggs which were fert ile . Tre atme nt fertility 

was computed as the aver age fert il ity of the pullet replications . 

Eggs for fertility tests were collected from the second day after 

insemination, and stored stationary in a cool room at 1 0°C.  for not more than 

eight days. After twentyfour hours incubation, the eggs were broken out onto an 

illuminated glass platform and the germinal discs were examined macro sco pically. 

Tho se displaying normal embryonic developme nt were class if ied fertile. Doubtful 

discs were examined under magnificat ion and compared with diagrams of fertile and 

unfertilised ,  unincubated germinal discs. 

2. 6 Exper iment s .  

Investigations of several aspe ct s of s emen production and release , 

were extended over twelve months for co nvenience of labour and as sessing age 

and seasonal influences. 

All the table s of result s and analyses are pre sented in Appendix A. 

Tables are composed of original dat a ,  al. though an arcsin transforma­

tion of all percentage resUlts was cons idered ne cessary far analyse s  and 

comparison between means . Where comparisons were significant , the transformed 

treatment means and significant differences between them , are included in the 

text. With few exceptions , only the 1% and .5% probability level s of 
significance were applied to differences between me ans ,  correlations or t te sts. 
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Experimental. methods am results are reported here ,  and a discussion 

of the results follows in section 2.7 

Semen production : 

Experiment 1 

" 

" 

" 

2 

3 

4 

Nutrition protein and energy level effects on semen 

volume . 

Light : pre-collection light stimulat ion. 

Age and season influences on semen quality. 

Genetic : semen characteristics of three strains . 

Seme n r elease : 

Exper :i.me nt 5 Hour of semen c ollection. 

" 6 Colle ction techniques. 

" 7 

8 

Semen exhaustion with frequent colle ct ions .  

" Evaluation of spermatozoa concentration estimates. 

EXPERllvrENr 1 .  

Methods. 

F our combinations of dietary protein arrl energy levels were 

tested on cockerel semen production. Two crude protein levels ,  referred to as 

high protein (HP) 1 6. 30%, and low protein (LP) 10 . 35%, were achieved by varying 

the oasein level from 1%  to 8% of the diet. Untanalised pine sawdust was used 

to dilute the energy levels and up to 27% sugar to increase them. The high 

energy (HE) level was e stimated at 1 298 Calorie s metabolisable energy per pound, 

and low e nergy (LE) at 946 Cal.arie s  MF/lb . The contrived differences between 

the rations were as follows : 

Ration A 1 0. 35% cr.protein; 946 CaJ. ./lb ; Cal/prot. = 90 
Ration B 1 0. 35% " . 1 298 " . " = 1 25 , , 

Ration C 1 6 .39% " . 946 " . " = 58 , , 

Ration D 1 6  • .30}& ,, . 1 298 " . " = 80 ' , 

Complete ration analyses are presented in Appendix c. 
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The experiment extended for seven weeks from October 1 966 , and was 

divided into six, e ight day periods for time trend analysis. 

Twenty males of each breed ; Australorp and WC White Leghorns (WL) ,  
in contiguous cage s ,  were tested with five randomly selected replications per 

ration. Initial and final group live weights are pre sented in Table 1B. 

All the rations were fed .l!d. lib ;  they were weighed-in thr ice weekly 

and cleared every three weeks. Feed consumption and estimated protein and 

caloric intake , averaged over five cockerels per treatment group, are presented 

in Table 1B.  

Semen collections were taken every fourth day at 1 430 to 1 600 hours , 

using the same apparel and sequence of collection every t ime .  

Individual semen volumes were recorded for every collection and are 

presented in Table 1 A  as the average of two consecutive collections per e ight 

day period. Spermatozoa concentration estimates were made on the first and last 

collections . Spermatozoa per ej aculation, were computed from volume and con-

centration, and are presented in Table 1 c. 

Results.  

Semen volumes were analysed as a three-factor experiment with 

randomised blocks in Table 1 A. Figures are the averae;e volume in millilitres ,  

of two collections per eight day period from individual cockerels .  

Average semen volumes in millil itres 

Period Mean Ration Mean Breed Mean 

3 .7223 D (HP.HE ) .7988 AO . 7903 
2 .6893 A �LP. LEl . 5958 WL . L!.941 
4 .6545 B LP.HE . 5880 D. 01 

= . 0928 
1 .61 00 C HP. LE . 5262 
5 . 591 3 D = . 1 307 
6 .4960 D. o5 

= . 1 584 
D .1 n3 

. 01 
= 

D. o5 
= . 2094 . 01 

1 .  There were no significant interactions between the factor s  tested. 
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2. Semen volumes were signif icantly higher in per iod 2 (P{Q.os ) ,  and 

period 3 (P<0.01 ) ,  than period 6. 
3. Semen volumes were higher (P<0.01 ) from cockerels fed r ation D ,  than 

rations A, B and c, which themselves were not significantly different.  

4. Australorps volumes were s�nif icantly higher than Leghorn. 

Avera e number of s ermato zoa 

Collection Mean 

First 

Last 

2224.8 

1 525.2 

Breed 

AO 

WL 

Mean 

5. There were no significant ration effects or interactions between 

the f actors te sted , for spermatozoa per ej aculation. 

6. Aver age spermatozoa release was higher (P<0.01 ) ,  f rom the f irst 

colle ction. 

7• Aver age Australorp spermatoz oa release was higher ( P<0. 01 ) ,  than 

Leghorn re lease . 

8. From Table 1B , posit ive correlations were obtained between semen 

volume with initial live weight ( + 0.871 **) , and percent increase in live we ight 

with caloric intake (+  o. 785**) ; for rations within strains . 

9. A moderate but non-significant correlation (+0. 561 ) between semen 

volume and daily caloric intake , was much higher than that with daily crude 

prote in intake (+0. 21 3 ) ;  for rations within strains . 

EXPERIMENT 2. 

Methods. 

The effects on yearling cocks of bright illumination far two hours 

prior to collection, were assessed by the subsequent daily semen release. 

After three days ' preliminary collections , light treatment was 

applied for six consecutive days to group I male s ,  and after cro ss-over , f or 

six days to group II males. 
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F ive WC yearling cocks in contiguous cages were used in each group. 

The extra illumination for Treatment A, was provided by two white 150 

watt bulbs suspended two fe�t above the test males ,  which were switched on at 

1 .4-00 hours each day. Control male s on Treatment B, shielded from the se l ights,  

received a constant s ixteen haurs l ight per day from the shed 40 watt bulb 

c ir cuit.  From the seventh to twelth day of the experime nt the 1 50 watt bulbs 

were transferred to the group II control male s ,  and group I male s reverted 

to Treatment B.  

Semen volume s were individually recorded from collections take n  at 

about 1 600 hour s daily. 

Results. 

Data treated by cro ssover analys is of light treatment s A and B ,  

on male groups I and II , are presented in Table 2. F igures repre sent the 

summed semen volume in millil itres , of five male s per group on each of the 

twelve days under test. 

Averp.ge daily semen volume per group in mls.  

Tre atment 

A 

B 

Me an 

1 . 329 

1 . 1 74 

1 .  Moderately higher semen volume s (P<0. 1 0 ) ,  were obtaine d from 

cocks under light Treatment A. 

2.  There were no significant semen volume effects attributable to 

group or day of collection. 

3• No signific ant changes in libido or stimulation grades were 

ob served during the fifteen days of daily semen collection. 

EXPERIMENT 3• 

Age and seasonal influence s on semen product ion and release were 

mainly assessed from accumulated data of other experiments. From these 
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general observations it was impossible to distinguish individual light , 

temperature or aging effects. In two specific tests , comparisons were made 

between the semen characteristics of a group of males at twelve , and at n ineteen 

months of age. 

Method. 

The first colle ction was t aken when the co cks were twelve mont hs 

old, during late spring in November 1 966, and the second under s imilar conditions 

during late autumn, in May 1 967. 

Five WC , five ML and two AO yearling cocks were used for the comparison; 

one ML cock also underwent another semen exhaustion test sim ilar to that reported 

in Exper iment 7.  

After preliminary settling periods the males were handled and massaged 

under similar circumstances and one ejaculation from each was collected for 

analysis. 

Results. 

Original data are presented in Tables 29A and 29B. The two 

ages o f  twelve and nineteen mont hs ,  are referred to as 1 966 and 1 967 respe ct ively. 

The strain groupings are as follows : mal es 1 to 5 Whit e Control; males 6 to 1 0  

M Line ; and males 1 1  and 1 2  Australorp. 

Average ajaculat io n volume, in mls. 

Year 

1 966 

1 967 

Mean 

0.4750 

0. 2875 

1 .  Moderately highe r semen volumes. (P<0. 1 0), were released by the 

cooks at twelve months age. 

Average spermatozo a  concentration. at 1 o9 /ml. 

Year Mean 
-

1 966 

11967 



2. There were no signif icant change s in spermatozoa concentration. 

3• The average spermatozoa release p er e j aculat ion, was h igher 

(P<0. 05) at twelve months than ninete e n  months of age. 

4. Pos it ive corre lations were obtained betwe en individual semen 

volume s (+ 0. 646 * ) ,  and spermat oz o a  concentrat ions (+ 0. 684*) , of the two 

collections . 
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A c ompar ison of seme n characteristics from e xhaustion test s  is pre sented 

in Tab le s  30A and 30B . Both te sts were made dur ing July; the fir st at nine 

months ,  and the sec ond at twentyone months of age . O nly one ML male ; referred 

to as male 9 in Expt . 3 and male B in Expt. 7, was used in t he test. Four 

semen colle ctions were made within three hours , at 1400 ,  1 500, 1 555 and 1 650 hour s .  

obtained. 

Year 

1 967 

1 966 

Aver age semen volume, in mls .  

Mean Hour Mean -
1400 1 . 1 5 

1 555 0.80 

1 500 o. 70 

1 650 0. 50 

5• No signif icant age or hour differe nce s in semen volume were 

6. A large but non-signif icant correlation ( + 0. 824) betwe en the 

volumes of e quivalent collections was der ived. 

Average spermatozoa concentration. at 1 o9 /ml. 
Year Mean Hour Mean 

1i966 0.80 1400 1 . 33 

t 967 0. 51 1 500 0.72 

1 555 0.30 

1 650 0. 27 

7- A s ignif icant de cl ine in average spermatozoa concentration ( P(0.05 ) ,  

occurred betwee n the first and f ourth colleations . 



B. Average concentrations were moderately higher (P(0. 1 0 ) ,  at n ine  

m onths of age in 1966, than at twentyone months of age in 1967. 

9. A positive correlat ion ( + 0. 9762::c) was obtained between the 

concent rations of equivalent e j aculat ions . 

General age and se asonal infl uen ces are derived from the semen volume 

dat a in Table 36 , and light and temperatur e changes graphed in F igure 4. 

Monthly average semen vo lume s in mls. , of all 
e. er imental c ockerel s .  

Mont h Me an 

July 0. 587 

O ct ober 0. 570 n. o5 = 0. 1 23 

June 0. 520 n. o1 = 0. 1 59 

November 0. 507 

December 0. 503 

September 0.470 

August 0.403 

1 0. Semen volumes obtained in July and O ct ober were signif icantly 

highe r (P<0. 01),  than those in August . 

39. 

1 1 .  The monthly trends in s emen volume were very s imilar f or the three 

strains , as illus trated in Figure 4. 

1 2. In the four m onths from July to October ,  the changes in average 

semen volume paralleled those of ambient temperature, and to some e xtent the 

changes in diurnal temperature range. The May-June semen values could be 

attributed to tr aining ,  but t he November-December values could not be statistic-

ally related to temperature or l ight ch anges. 

Strain or genetic variations in semen production and release, were 

stat.listical ly sign ificant in many of t he experiments inten ded to test othe r  
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f act ors. 

A c omplete table of individual semen collection statistics from the 

thirty WC, ten ML and twenty AO coc kerels, was compiled from May to December 

1 966. The monthly average semen volumes are presented in Table 36 ; strain 

aver ages are illustrated in Figur e  4. 

Results. 

40. 

Significant comparisons obtained from Table 36 are fully reported 

in this exper :iment , but those extracted from other experiment s are explained in 

their respective cont exts. 

Avera_g_e semen vo lume. in mls. 

Strain Mean 

AO 0.71 33 D. os 
= 0. 1 700 

WC 0.41 1 5  D. o1 
= 0. 21 40 

ML 0.344-0 

1 .  The average semen volume released p er collection by Australorp 

cocker els from the age of six to thir teen mont hs, was high er (P(0. 01 ) than that 

fr om Leghorn cockerels. 

2. Within th e Legharn strains ; the WC averaged 1 6% higher volumes 

than the ML ,  but were not signif icantly different (P<0. 05 ) •  

3• Seasonal trends in semen release were similar for all strains, 

as illustrated in Fi�e 4. The ML exhibited relatively le ss fluctuation 

than the other two strains and maintained increas ing semen volumes unt il  

December, when the collection c eased. 

4. From Expt. 1 ,  Tables 1A and 1 C ,  signific antly higher semen 

volumes (P<0.01 ), were obtained from AO than WC co ckerels. There were no 

significant interactions between strain and nutritional factors 

tested. 
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Average semen volume , 
25A). over three cockerels 

Strain Mean 

AO 1 • .580 n.o5 = 0.383 

WC 0. 933 n.o1 = 0. 502 

ML 0.787 

5• From Expt. 5 ,  Table 25A; significantly higher semen volumes 

(P<0. 01 ) ,  were obtained from AO, than WC or ML males ,  as illustrated in Figttre 8. 

In the same experiment , strain spermatozoa concentrations , were not signific antly 

different . There were no significant interactions between strain and the time 

of semen collection, although Legharn spermatozoa concentrations increased 

relatively more in the af'ternoon collections , than Australarp. 

From E:xpt. 6 ,  Tabl e s  26A and 26B ; several semen volume and concentra-

tion differences were obt aine d between the NJ and ML strains . 

Avera e seme n volume in mls .  Table 26A 

Strain Mean 

AO 0. 569 

ML 0.389 n. 01 = 0. 1 06  

6. Average AO semen volume was higher (P(0.01 ) than ML. 

Average semen volume. in ml . .  (Table 26A) 

Strain-Method Mean 

AO - B o.6H 

ML - B 0.5.56 n. 05 = o. 1 50  

AO - A 0.522 D 
• 01 = 0. 1 84 

ML - A 0.223 

7• The ML response to collection Method A, was significantly lower 

( P<0.01 ) than that of AO cockerels. No d;her significant differences  in strain 

response to collection method o ccurred. 



.Average seme n volume�. in mls. (Table 

Str ain - Method - Phase 

ML 

.AO 

AO 

.AO 

AO 

ML 

ML 

ML 

B Revd. 

B " 

A Norm. 

B " 

A Revd. 

A Norm. 

B " 

A Revd. 

D = 0. 251 . os 

Mean 

0.750 

0.744 

0.604 

0.489 

0.�39 

0.400 

0.362 

0. 045 

42. 

26Al • 

8.  In this thre e  factor inter action, two point s  eme rge : fir stly 

th at an incre as e  in semen volume was e l ic ited from both str ains by a change to 

Method B ,  wh ich was signif icant (P(0.05 ) for the ML cockerels.  Secondly, a 

decl ine in s eme n volume ar i s ing from a c hange to Method A, was s ignif icant f or 

the ML , but ne gl igible for the AO cocke rels. The normal phase of colle ct ion was 

that to which the cockerels were accustomed, whil e the rever s e d  phase was an 

ent irely new colle ction t echnique to them. 

rmatozoa conc e ntrat ion Table 26B 

Strain Mean 

AO = 0.494 

ML 

9. Australorp spermatoz o a  conc e ntrat ions estimated wit h seme n 

pooled from t en cockerels , were higher (P(0.05) than ML concentrat ions but were 

influenced by the tre atment s imposed. 

Aver e semen volume in mls .  

train - Male 

AO 
AO 

D 

c 

Mean 

o.675 

0.650 
Cont :inued • • • •  



Aver age semen volume , in mls .  (Table 23' .  Cont inued 

Strain - Male 

ML 

ML 

A 

B 

Mean 

0. 350 

0. 325 

43. 

1 0. From Expt . 7 ,  Table 23 ; AO e j acul ate volumes were s ignif icantly 

(P<0.01 ) higher than ML .  

Average spermatozoa concentration._ at 1 09j_m1. 

Strain - Male Mean 

AO c 3.68 

ML A 3. 51 n.05 
= 1 . 99 

AO D 2.49 n.01 
= 2. 69 

ML B 0.80 

1 1 .  From Expt . 7 ,  illustrated in Figure 5,  signif icant dif�erence s 

in spermatozoa concentration between cockerels were obtained. Sign�icant 

variations within strains usually obscured gene t ic �ferences in spennatozoa 

concentration between t hem. 

EXPERIMENT 5• 

Method. 

Semen c ollect ions were made at three hours of the day , to 

determine variations in cockerel semen rel ease . 
The experiment was conducted in August 1 966, when the cockerels were 

nine mont hs o� age and had b e en trained to afternoon colle ction �or at least 

three months. 

Nine cockerels in contiguous cages f'rom each strain, were d ivided into 

three groups (I,  II and III) ,  which were tested over the thre e treatments. 

The treatment consisted o� semen colle ctions at 0855, 1 335 and 1 630 

hours. The three groups , each comprising thr ee Ml , WC ani AO cockerel s ,  were 

rot ated over the treatment hours on the �irst , third and fifth days o� the 
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experiment. In this way the sequence of collections was maintained ,  all the 

cockerels were tested at each hour, and one day intervals reduced ca.rryover 

effects . Other e nv:ironmental inf'luences such as feeding and human activ ity, were 

normali sed as far as poss ible. 

Individual semen volumes were recorded and spermatozoa concentration 

estimations made on the semen pooled from each strain group of three cockerels. 

Results .  

A factorial analysis of variance is presented in Table 25A. 

Figures  are derived from the pooled semen volumes of e ach strain group. 

Spermatozoa concentrations in Table 25B are treated the same way, and all the 

results are illustrated in Figure 8.  

Avera e semen volumes er strain in mls. 

Strain Mean Hour Mean 

AO 1 . 580 1 630 3- 34 

WC 0. 933 1 335 3· 32 

ML 0.787 0855 3· 24 

n.o5 
= 0. 383 

D.01 
= 0. 502 

1 .  Significantly higher semen volumes (P(0.01 ) ,  were obtained 

from the AO than the Leghorn strains . 

2. The hour of collection had no signif'icant effects on the volume 

of semen released. 

rmatozoa concentration 

Hour Mean Strain Mean 

1 630 5.40 AD 5. 1 

1 335 5. 30 WC 4.8 

0855 3. 80 ML 4. 6  

n.o1 
= 1 . 1 92 

3· Higher spermatozoa concentrations (P<0.01 ) ,  were obtaimd from 



the afternoon colle ctions . 

4. Insignificant spermat oz oa conc entration difference s betwe en 

strains occur red, but a moderate strain by hour interaction aro se from 

fluctuations in AO conc entrat ions. 

EXPERIMENT 6 .  

Method. 

The mer it s of two s emen collection techniques were asse s se d  by 

seme n rele ase and lib ido. 

The experiment was c onducted in August 1 966,  whe n the cockerels we re 

nine months or age and each group had been traine d to it s r e spe ct ive colle ction 

technique for at le ast three months .  

Ten ML plu s ten AO c oc kerels in co ntiguous c age s ,  wer e randomly sel­

e cted fr om e ach groups of males . O ne group , used solely f or exper ime nts , had 

been trained to the one -man collect ion te chnique Method B by one operator . 

Method B h as been des cribed in Section 2. 5 and illustrate d  in Plates 3 and 4. 

The cockerels trained t o  Method B, referred to as Group B ,  were handle d more 

fre que nt ly and surrounded by more human activity than Group A. The se cond 

gr oup or cockerels had been traioo d to Method A, a two-man te chnique similar t o  

that de s cribed by Bur rows and Quinn ( 1 937 ) ,  with s everal operator s .  In Method 

A; one o perator ' s  r ight hand re strained a co ckerel by the legs , bre ast down on 

a plywo od sheet which re sted on the base or the cage do or .  Stimulation was 

applie d by massaging the s acral-lumbar re gion with the l eft ham , which later 

moved to the vent region to d:ire ct the semn release after e jaculation. The 

second o perat or held a tube below the copulat ory organ to collect the seme n. 

In the exper imental per iod four semen colle ctio ns  were made on e ach 

cockerel . The fir st colle ctio n  on day 1 was normal , with time s ,  seque nces and 

apparel similar for bot}l groups and oper at or s .  The next two c olle ct ions on the 

third and sixth days wer e rever sed ,  with Method A appl ie d  to Group B cockerel s 

and vice ver sa. Another normal c olle ction was made on the e� day to 



invest igate psychological carryover effect. 

Individual semen volumes ,  pooled group-strain seme n concentrations , 

stirr.ulation grade s and l:ih ido ; were recor ded at each collection. 

Result s. 

46. 

26A am 26B. 

Original data and analyse s  of variance are presented in Table s 

Result s of the tv1o normal and rever sed colle ctions for each 

cockerel replication, have been aver aged and presented as one f igure for e ach 

phase in Table 26A. opermatoz oa concentrations estimated from poole d seme n fer 

each strain-group , are pre se nted separately for each phase as repl ic ate 1 and 2 ,  

in Table 26B. A compar ison of the tvro methods is illustrated in Figur e 6 .  

Average se1:1en volume . in mls. 

!Method Me an Strain Mean 

B 0. 51 1 AO 0. 569 

A 0. 395 ML 0. 389 

D •01 = 0. 1 C6 n
.

01 = o. 1 o6 

1 .  Higher seme n volume s (P<0. 01 ) were obt ained wit h Method B .  

2. Australorp volume s were higher (P(0.01 ) than M Line. 

3• There was no significant phase effect. 

Aver age semen volume in mls., of 2-fact or inter actions . 

Method - Fhase Mean Method - Strain Mean 

B Revd. 0.747 B AO o. 6 1 7  

A Norm. 0. 502- B ML 0. 556 

B " 0.426 A AO 0. 522 

A Revd. 0.242 A ML 0. 22 ... 

n. o5 = 0. 1 50 

n. o1 = 0. 1 84 

4• Method B induced higher volumes (P<-0.01 ) from reversed 

c ockerels than Method A. 



5. Method B indu ced higher volumes (P<0.01 ) from cockerels trained 

to Method A than the latter method. 

6.  Method A obtained lower volumes (P<0.01 ) from cockerels trained to 

Method B than the latter method. 

7• Method A applied to ML cockerels obta ined lower volumes (P<0.01 ) 

than when applied to AO cockerels, or compared to Method B with either strain. 

than aey 

Average semen volume in mls • •  of 3-factor interaction. 

M_ethod Strain - Fhase 

B ML Rev d. 

B AO Revd. 

A AO Norm. 

B AO Norm. 

A 1£) Revd. 

A :ML Norm. 

B ML Norm. 

A ML Revd. 

n.os = 0. 251 

B. Method A obtained lower 

other combination. 

Mean 

o. 750 

0.744 

0.604 

0.439 

0.400 

0. 362 

0. 045 

volumes ( P(0.05 )  with Group B ML cockerels, 

9. Method B indu ced higher volumes from both strains of Group A 

cockerels, than the normal Method A; these we re significant (P(0.05) for the 

ML. 

methods. 

1 o. Group B NJ cockerels responded similarly to both collection 

ermatozoa concentration 

Strain Mean 

AD 
ML 

D.05 = 0.49 

1 1 .  Average spermatozoa concentrations were higher (P{0. 05 ) from 
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AO cockerels. 

1 2. There were no significant concentration difference s between 

methods or phases.  

s ermatozoa concentrations 

for 2-factor interaction. 

Method - Phase Mean 

B Revd. 4. 65 

A Norm. 4. 60 

B 11 4. 38 n. o5 = 0. 978 

A Rev d. 3. 63 

1 3. Higher concentrations (P<0.05) were obtained by Method B than 

Method A, for reversed collections . 

strains showed similar re sponses. 

EXPERIIDNT 7. 

Method. 

From Table 26B it is clear that both 

Some effects of frequent semen colle ction on cockerels , were 

assessed by the physical and psychological re sponses. 

The experiments were conducted during July 1 966 ,  when the cockerels 

were e ight months old and well trained to handling for semen colle ction. 

Two ML and two AO cockerels were chosen after a preliminary period of 

selection, for one male capable of concentrated e j aculates and one of dilute 

e jaculates , in each strain. The ejaculate type s were referred to as I and II , 

re spe ctively. The ML cockerels were labelled A ( I )  and B (II) ; and the AO 

cockerels C ( I )  and D (II ) .  All four cockerels were normally frien� and 

responsive to handling. 

After the testing per iod , four semen colle ct ions from each cockerel 

were made within three hour s ;  at approximate ly 1 41 0, 1 500, 1 600 ard 1 656 hours 

on the first day. A single interim collection was made on the f ourth day. On 
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the seventh day, collections similar to those on the first were made , and e ach 

eja culate wa s immed iately used for four 0. 1 ml. inseminations of semen dilute d  

1/2 with milk. Four AO pullets per e.jaculate were inseminated and eggs collected 

from the second to fifth day were tested for fertil ity. All the cockerels were 

treated norm� for collection , and semen was obta ined after not mare tha n  

thre e  stimulations and the usual application of pressure to t he vent region. 

Seme n  relea se and qual ity were evalua ted by individual volume ,  

spermatozoa concent ration and fertility te sts; cockerel response wa s 

estimated by stimulation grade a nd lib ido. 

Results. 

Average strain results are illustrated in Figure 5. An analys is 

of fertil ity results is presented in Table 22. Figures repre sent the 

percenta ge of fertile eggs from e ach pullet , but the percent age s were trans-

fat'med for a nalysis and compar isons between means. 

Average per cent fertil ity (transformed). 

Stra in Mean 

ML 

� 
I 

II 

Mean 

69. 8 5  

55.08 

1 .  Moderately significant genetic differences (P(0. 1 0) were obta ine d ;  

higher fertility was achieved by the NJ co ckerels , and those two in the Type 

I or concentrated semen classification. There were no signif icant difference s 

in the a vera ge fertility from successive collections . 

Average semen volume� in mls. 

Male Mean -

D 0.675 

c 

A 

B 0.325 
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2. From Table 23 highly significant strain d.if'f'erences in volume 

(P<0.01 ) were obtained;  AO cockerels released higher volumes than ML ,  but 

there were no type difference s .  

3. A gradual non-s ignificant de crease in average volun1e occurred 

from the first to fourth colle ction. 

Average spermatozoa Qe!'_ ejaculate� in mill.ions. 

Male 

c 

D 

A 

B 

Mean 

2554 

1 591 

1 278 

289 

n.05 = 1 558 

Hour Mean 

1 407 21 89 

1 456 1 681 

1 556 1 31 0 

1 656 530 

n. os = 1 558 

4. From Table 24, higher spermat ozoa releases (P(0.05 )  were 

obtained at the f ir st collection than the last. 

so. 

5· Male C (AO , I )  released s ignificantly , (P<0. 05 ) more spermatozoa 

than Male B (IlL , II ) .  

AveraEe 

Male 

c 

A 

D 

B 

spermatozoa concentration� at 

Mean Hour 

3.68 1 407 

3.51 1 !�56 

2.49 1 556 

0.80 1 656 

D .OS = 
1 . 99 

D . 01 � 2. 69 

Mean 

3.67 

3.09 

2. 54 

1 . 1 6  

1 09 /ml. 

6. From Table 23B signific antly higher spermatozoa concentrat ions 

(P(0.01 ) were obtaine d from the two Type I males A and c, than Male B .  

7 • Higher concentrations were obtained in the first collection 

(P(0.05) ,  than the last. 
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EXPERIMENT 8. 

The accuracy of spermatozoa concentration measurement s and the 

relationship between the three methods of estimation, were as sessed by mult iple 

counts  and s ampl ing. 

Secondly , the re lat ionship of libido and stimulation grade with semen 

c har acteristi c s , was studied. 

Me thods. 

1 .  Spermatozoa concentrat ion estimations with a haemacytometer 

as outlined in Sect ion 2. 5 ,  were made on e jaculate s  from four co ckerel s .  The 

ejaculates were adjusted to e qu al volume s ,  code d ,  and counted in f our  serial 

samples ; the first twenty minut e s  after collection and the last serie s four 

hour s lat er . All e jacul ate s  were st ored aerob ically at 1 0°C. in the or i g inal 

tube s with a t info il cap to reduce de ss icat ion. 

2. Concurre nt e stim ations were made with haemacytometer count s 

and the t wo other methods of determining concentrat io n ;  centr ifuged packed cell 

volume and opac ity scor e .  .All caJ. culations were mad e f rom individual fresh 

e jacul ate s ,  as outl ined in Se ction 2.5 .  

3.  L ibido , st imulat ion grade , opacity score and seme n  volume , 

were measured on ind iv idual ej aculations from ten WC ye arling cocks undergo ing 

daily semen collections .  

Re sults . 

Data for the accuracy of haemacytometer estimations are 

presented in Table 33• Figures represent the number of spermatozoa counted in 

two determinations from five randomly selected large squares.  Each 

determination was made on four of the sixteen small square s within each of five 

large squares . 

1 .  No significant differences between samples ,  within males ,  were 

obtained for the two ML ejaculates .  
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Mean no. spermatozoa per determination. 

Male 83 Male 84 

Sample Mean Sample Mean 

3 28.1  4 24.7 

1' 23. 0 3 1 6.4 

4 1 9. 3 2 1 6. 3 

2 1 0.7 1 14. 8  

D. o5 = 5-46 

D. o1 = 6. 66 

2 .  From Male 83 ; signif icantly higher counts  were obtained from 

Sample 3 (P<0. 01 ) than Samples 4 or 2 ,  and from Sample 1 (P<0.05) than Sample 2. 

3· From Male 84; Sample 4 count was significantly higher (P(0. 01 ) 

th an  all others. 

Data on the three methods of estimating spermatozoa concentration 

are presented. in Table 37 and illustrated in Figure 9. 

4. A s ignificant regre ssion (P<0. 01 ) was obtained of percent packed 

cell volume on haemacytometer count : 

limit s :  

b = 1 . 989 % P. C.V. per 1 09 
spermatozoa/ml. with 1/; confidence 

L 1 .  51 32 - l3 2.4646 % P. c. v. 

5• A s ignificant regression (P (0. 01 ) was obtained of opacity score 

on haemacytometer count. 

b = 1 . 514  units score per 1 09 
spermatozoa/ml. with 1% conf idence 

limit s :  1 . 0.589 � l3 � 1 . 9695 unit s score 

Data on the asso ciations between libido , stimulation grade , 

opacity score and semen volume , are presented in Table 38. 

6. A negative correlation (-0. 3065**) was obtained between volume 

and st :imulation, and volume with libido (-0.2631 *) .  

7• A posit ive correlation ( +0.2140•) was obtained between stimulation 

and libido. 



8 .  A negative correlation (-0. 3714**) was obt ained b e twe en volume 

and opacity scor e .  

2.7 Discu s s io n . 

S ignif ic ant re sult s obtaine d in the experiment s ge nerally co nf irme d some 

of the hypotheses dis cu ss ed in the lit er ature revie w. Some re sult s sugge sted 

a different emphas is , part icul arly aspe c t s  of cockerel resp onse t o  seme n 

collection, but there was no co nfl ict with e stablished theor ie s .  

With r e s pe ct t o  practical art ific ial br e eding , the main conclus ions 

drawn ar e : t he high spermatogenic capacity of cockerel s ;  the s easonal influence 

on spermat og e ne s is ;  the importance of adequate diemry energy levels f or 

s permato gene s is ; the disparit ie s  b etwe en natural mating and art if ic ial seme n 

c olle ct ion ; and the psychologic al domination of s emen rele as e . 

Unfortunately the exp er iment s on semen produc tion suffer ed f'rom the 

same problems as many of those r e porte d  in the l it er ature . They were neither 

precis e  nor large e nough to produce the ant ic ipated effect s ,  and most of the 

c o nclusions , a s  in the lit er atur e , are the or ie s  based on rep orts a nd  some 

stat ist ically s ignif icant re sult s .  In this the sis t he  re search into semen 

produc tion lacked sufficient e nviro nmental control or backgr ound dat a on the 

cockerels dur ing re ar ing , puberty,  and summer s emen pr odu ction. 

The criter ia of semen quality, though few, were useful in the 

circumstance s  of an essent ial1y practical approach to artificial breeding. A 

more sqiliisticated study of semen was never envisaged, partly b ecause of the 

limitations to thesis research and also b ecause the literature showed almost 

unanimous� insignificant associations between fertilising capacity and 



laborat ory evaluat ions of 1 normal 1 seme n. 

Methods used for me asuring e j aculate character ist ic s ,  appeared 

sat is factory whe n all the data was re cor ded by one oper ator . 

54. 

Semen volume s ,  measure d  immedi�tely after e jaculation in the collect ion 

tub e s , were qu ickly and e as ily r e c or de d. This method avo ided the inaccur acies 

aris ing from sur:fface wett ing and de s s ic ation with funne l s , transfer pipette s 

or we ighing appar atus. A pos s ible s our ce of error from r e adi:.t1g volume s  off the 

faint c al ibrat ions in crull l ight , was unavo idable but probably syst emat ic . 

Spermatozoa co ncentrations vrere measured by thr ee wqys de s cnibed in 

Se ction 2. 5 ,  but only re gularly by haemacyt ome ter count . This method provided 

opportunity to see the s permat oz oa , their mot il ity ani pe culiarit ie s , and debr is 

in the e j aculate . The ma in probl ems with haemacytometer count s we re : sampl ing 

from the ej aculate ; cellul ar disbte gration due t o  ethanol added t o  kill t he 

sperm at ozoa - a pr ocedure t ha t  was later di scarde d ;  t ight cluops o f  sper matoz oa , 

which gre atly affe cted the concentration if lying in the count ing chamber , ye t 

wer e cons idered by some workers to be functionally usele s s ; differe nces i� 

mot il ity be twe en s ample s , wi t h  highly mot ile spermat ozoa caus ing an over­

e st imation ; concentrat io n difference s ,  where the dilute slli�ple s were eas ily co�nt­

e d  compared to the dense samples �m ich tended to be undere st �nated; and the 

high proportion of cloacal transudate and spermat ozoa bl obs in s ome e j aculat e s  

which were d ll'f'icult t o  disper se for sampling . The accur acy te st s  of 

haemacytome ter count s ,  showe d ins ignificant variation in repe ated sample s from 

the two ML e j aculate s. However , the highly s ignif icant var iat ions for the two 

AO e j aculat es are attr ibute d  to sampling error and the pre s:ence of' spermatozoa 

clumps .  A concentration effect which could have ar isen with evapor at ion of 

s eminal fluid as the e j aculates were stored, did not eventuate . No significant 

incre ase in est imat ion accuracy was obtained from count ing twice the number of 

large squares per sample . 

Est imat ing concentrations by the per cent age packed cell volume , was 



quicker than haemacytometer c ounts with a large number of e j aculates ,  and avoided 

some errors by the u se  of larger and r e plic ated samples. Centrifugation for 

fortyfive minute s  at 1 277 RCF was found to be adequate and easy to supervise. 

However the method ent ailed some import ant d i sadvantage s ,  particularly because the 

semen was not examined micro s copically and the nature of spermat ozoa mot il ity , 

or cont aminant s ,  were unknown. Prepar il'lg the capillary gl ass and sucking in the 

semen and sealing one end of the tube was l ab or ious f or a few .3 arn:ple s , and 

accurate measurement s of the cent r ifuged fract ions were freque ntly baffled by a 

distortion of the tube end caused by th e s e al ing pro cess . Neverthele s s ,  a 

highly s ignificant c orrelation between count arrl packed cell volume , and the 

re gress ion l ine illustrated in F igure 9 ,  made this method a useful subst itute to  

the forme r .  

Surpris ingly , t he  th ir d  method o f  e st imat ing concentrat ions , the 

opacity s cor e ,  was al so hishly s ignif icantly corre lated to haemacyt ometer c ount s . 

Under the conditions of frequent and per so nal re cor ding of data this sub je ct ive 

est i.rnation was extremely useful for rough as sessments and quick dilution c al-

culations . The s imple swir l ing of individual e jaculate s  was quick and e nab l e d  

the operator to detect gross contamination or exc e s sive tr ans udate . In routine 

seme n collect ions the score allowed the operator to judge the volume in better 

perspect ive , and avo ided apparent fluctuat ions in spermat oz o a  rel ease arising 

from collection technique . The dis advant age s are equally impo s ing• the s car ing 

was purely subjective and liable to large variation between oper ator s ;  the 

natural light conditions for swirling the samples were frequently dis s imil ar  

on different day s ;  inaccuracies arose from inadequate mixing and near-white 

opaque contaminant s ;  and a volume effect meant that very small or aspermic 

e j aculates appeared more concentrated after swirling, and that dense samples 

tended to be under-estimated. In spite of the inherent errors ,  opacity scor ing 

proved to be a useful approximation to spermatozoa concentrat ion. 
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PLATE 5. Spermatozoa staine d  wi t h  Nigno sin and Eosin. 

The two lower spermatozoa ,  ali v e  at t he time of staining , have 

r e mained impervious to t h e  nignosin but the c entre spermatozoa 

has staine d c hromo some mat erial . Two granula t e d  tails and 

midpieces have also taken up the dye .  ( From:  Lake , P . E . , ( 1 954 ) , 
Pro c .  Tenth Worlds ' Poultry Congress pp 79-85 ) . Scale x 952 



Methods f or estimating the per cent age dead or abnormal spermatozoa 

wit h a ligtlt micro scope , were ne ither accurate nor particularly useful far semen 

evaluation. The sme ar s  taken were liable to the same sampling error s as 

haemacytometer count s  and since all the spermatozoa were e ventually killed , the 

error could not be dis covered by reference to the opacity scor e .  Other problems 

arose f'ron the irr egular itie s of counting f ields asso ciated with t he density of 

sperm atozoa and clumps ; variat ions in the de gree of staining aris ing from 

semen compos ition and the mixing procedure which rendered some spermato zoa 

faintly pink and difficult to cl as sify; and distorted spermatozoa which were 

possibly artifacts of the staining and sme aring technique . Excepting some. 

analyses with stored seme n, few s ignificant var iations in the percent age of dead 

spermatozoa were obtained. Only two clear abnormal it ie s of spermat ozoa were 

noted. The first was a swollen he ad and midpiece , distinguishing up to one 

quarter of the spermatozoa of one AO co ckerel without significant changes in 

fert ilising potent ial . The se cond abnonn al ity was found in numer ous e j aculate s ,  

where spermatozoa were bent at the midpiece and oc cas ionally the hc o.n was ne arly 

parallel to the ta il . There is  reasonable e v idence from tbe literature to 

sugge st that either of the abnormalitie s could be caus ed by an incompat ible ion 

balance in the diluent , or the staining and smear ing te chniques.  Further doub t  

is expre s sed in the report by Saeki ( 1 960) ,  sugge st ing th at a light micro s cope 

wit h 1 000 X magnification is inade quate for dete cting some abnormalities which 

can be f ound with an ele ctron microscope . Staining spermat ozoa did not con-

tribute to predictions of s emen fertilising capac ity in th is study , but pos s ibly 

has a role in the analysis of s eren f'rom infertile mal e s  in an artific ial 

bre eding scheme . 

Mot ility tests were confined to star ed semen. The scores were not 

sufficiently precise for predictions with fresh semen and somet ime s irrelevant 

with s tored, as spermatozoa motility was usually retained long after the 

functio nal capacity had been lost. Assessmants were purely subjective and 
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although very e asy to conduct , observations had to be rapid to avoid a thermal­

activating effect from the warm microscope platform. 

Semen �oduction. 

O ne important conclusion drawn from the nutrit ion experiment is that 

dietary energy has influe ntial and quite rapid effects on the semen production 

of mature cockerels. The results :L'ldicate that only ration D, vrit h moderate 

and balanced e nergy level , was capable of at least maintaining similar spermatozoa 

release s  throughout the experiment . In contrast , rat ion C with low and 

unbal anced energy levels produced a notable decline in spermatozoa release in 

the last third of the exper iment. Parker and Arscott ( 1 964 ) reported similar 

result s when energy intake was reduced from 230 to 1 43 Calorie s  per day , and that 

a loss in body we ight was assoc iated with a decline in semen volume s. The 

compm�itively muted var iations in Expt. 1 are not surprising consider ing that a 

' low ' energy intake in th is experiment averaged 320 Calories 1� per day, and a 

' high ' energy intake 407 Calorie s M3 per day. Although the two s ets  of energy 

levels may not be exactly equivalent , clearly 320 Calorie s ME per day is not a 

low erergy intake. Unlike the restricted feed consumption imposed in Parker ' s 

experiments , the thes is cockerels were fed � 1:i£ and probably tried to eat to 

their energy requireme nt s. Under the se circumstances differences in semen 

characteristics could be attr ibuted to the energy-protein balance . Rations A 

and D ,  with supposedly well-balanced C/P ratios produced the highe st spermat ozoa 

releases in the final weeks , in spite of the ' low' energy and. protein levels in 

the latter. Rat ions B and c, with equally extreme imbalance s ,  although not 

significantly lower tha n Ration �, appeared to b e  inadequate diets. The 

response to Ration B with its high energy content is particularly puzzling. 

All the treatments show a s imilar trend in semen volume , as illustrated 
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ss. 

in Figure 7• The increase s in the f:irst three or four weeks were probably due 

to higher rele ase s  obtained from training with regular collections , and 

treatme nts only began to affect results during the last t wo  or three weeks. 

This reveaJ.s the two main exper imental deficie nc ie s :  the t e st was to o  short 

for mature stock with a comparitively unlmown variable such as semen production, 

and e qually important was the inade quate var iat io n  between t he  diets imposed. 

With the meagre stat is-t icaJ.ly useful results , Expt. 1 c orrob or ate s  

the rat her ne gative att itude fr om the liter ature ,  that mature male s are 

r elative ly tolerant to a wide range of pro tein consumption. Apparent ly caloric 

intake is mor e influe ntial , as indic ated by the higher cor rel ation of energy 

than protein , with inter-group semen vollli�e s .  

A s ignific ant increase in s e me n  volume was obtained from t."'le l ight 

tre atment s in Expt . 2 ,  in a period of general de cline . This could be 

attr ibuted to the b enef ic ial effects of brighter illuminat ion or extra int er­

mittent li@1t on seme n productio n ,  hypothe s ised in the l iter atur e .  However , 

it is very unlike ly th at spermatogene sis could b e  acceler at ed with in a f e w  

days , via the oculohypothalamic-p ituitary-tastes pathway. A more l ikely 

explanat ion is that the c ockerels quickly as soc iated the light s , and act ivity 

of switching them on, with the apparently pleas ant acti vity of semen collection. 

It is reasonable to assume that the extra psychological prepare dness  in some 

way favoured slight ly larger e jaculations , pos s ibly by a reduction in inhibit ion. 

This view could account far the not abl e carryover effect of light treatment on 

the group which reverted to control conditions . Although the se cocks were not 

d:irectly illuminated they could see  the lights being switched on and sore 

reflections off the ceiling. 

Another result from the experament , which will b e  discussed later , was 

the ability of the yearling cocks to maintain their previous l:evels of spermatozoa 

release with daily collections , at a time when most levels were decreas ing. 



This to o ,  suggests that the cock is cap ab le of a h igh level of spermatogene s is 

pro v iding the psychological arxl physical treatment s favour semen rele ase . 

59. 

From the general s emen colle ction trends and shed l ighting pattern as 

il lustrated in Figure 4 ,  it is imposs ible to isolate particular effe ct s of 

l ight ing as be ing re sponsib le  far semen change s .  Evidence from t he  literature 

indic ates that ten hour s daily light dur ing re aring would delay sexual 

matur ation and avoid pr e co c ity compared to more than twelve hour s of daily l ight . 

The ste p up patt ern from nineteen weeks of age would prob ably acceler at e  matur­

ation and favour high spermatogene s is dur ing the winter and spr ing month s ,  in 

much the same way as female egg product ion was st imulated. However the ris ing 

summer temper ature s  coupled with s ixteen hour s daily light wh ich were intended 

optimal for the last few we eks of e gg production in December , were l ikely t o  

f avour the sexual refractor ine ss hypothe s ised by s ome workers .  Unfortunat ely 

s eme n colle ctions ceased dur ing the early summer. Some of the exper imental 

co cks were transferred to natural li�1t c ondit ions in sm all pens with ab out 

fifte en he ns .  O ver 85% fer t ility from matural mat ings was obt ained through the 

summe r and into the autumn , when a shar p fall occurred. As t his de c l ine was 

coinc ide nt with a spate of avian enc aphalomyelitis , the male contribution to 

fert il ity had not ne cessarily declined in the twelve month s from pub erty. 

Semen volume re car ds from co ckerels maint ained in natur al l ight , 

indic ate d no s i gnif icant corr elat ions betwe en semen release and l ight condit ions 

at the t ime of colle ction. 

Age and seasonal influe nces on seme n production could not be differ­

e nt iated in this study. Expt . 3 cons isted of compar isons betwe en s emen r e cords 

of maJ.e s  at different age s ,  or over different seasons. The conclusions are 

bas e d  on statis t ical differences in semen rele ase ;  this doe s not ne ce s sarily 

mesa differences in spermato genesis or dire ct influe nc e  of light , tem� r ature 

and age . 
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Neverthele ss some re sults warrant comment . The July to 0 ctob er 

changes in s eme n volume illustrat e d  in Figure 4,  paralleled the changes in 

amb ient temperature so closely that it is re asonable to sugge st an as soc iation. 

In July and August mtually all cockerels exhibited a sharp and uniform decline 

in seme n  volumes. At this time daily light period was steadily increasing ,  but 

the lowest ambient temperatur e s  and diurnal range were co inc ident with the 

semen dec line . The changes in seme n rele ase were so cle ar c ut that in the 

ab se nce of' any other known change in the env:U'onment or management , they 

ap peared to b e  caused by temperature changes . July and O ct ober average s emen 

volume s were s ignific antly higher than August , but the latter value s se ldom fell 

by mor e than 30%· 

The st eady increases in volume dur ing May and June conc e al  large vari­

ations between co ckerels . Many re sponded with l ar ge unc o ntaminated seme n 

rele ase s t o  the first collections in May. Other s , gener ally more diffic ult to 

handle , withheld from succes sful e j aculation well into June , giv ing the impr e s s ion 

of a psychologic al aversion to handling. Undoubtedly virtually all the 

cockerels at s ix months of age wer e capable of spermato ge ne s is and ej aculation, 

thus the r e sult s suggest the aggr-e gate volume trends in May e,nd June 'l'.rere in 

re sponse to training. 

November and December , or the e ar ly s ummer month s ,  co nstitut e the 

third important phas e in semen volume ch ange s. The s e  r esu lt s ere mare 

diff icult to expl ain as incons is tent tre nds b etween the strains sugge sted a 

ge notyp ic-environmental inter action. ML and WC trends were so obviously 

different that the theory of super ior adaptation to heat by Mediterranean 

strains lllllst be eliminated. Likely alternatives are genetic variations in 

re sponse to the temperature or multiple env ironmental influenc e s ,  caus ing re­

£ractor ine s s, or possibly a psychological reaction to regular handling for semen 

collection. 

literature. 

Some evidence f or b oth theor ie s ,  :i.s reported in the r eview of 

The range of potent ial factor s which could reasonably be expected 



to influence the per s istence of semen production is enormous ,  and outside the 

scope of this dis cus sion. 

61 . 

No notable c orrel at ions were der ived be twe en ambient temperature and 

semen characteristics.  Most workers concluded that cocker els were tolerant to  

large temper ature var iar ions , at le ast f or  a short time , to  the e xtreme s o f  heat 

prostration or fr o st bite ; b oth unl ikely in this e nvironment. However it was 

noticed ,  but not pro ven , that c ockerels in ope n sheds tended to be recalc itrant 

on days with a morning frost and frequently contaminat ed the ej aculate with 

cae c al contents , pos s ibly indu ced by the eJ..'i:ra stimulation required. 

In exper iment s comparing serren ch aracter ist ic s of co ckerels in their 

juvenile and second ye ar s , the general impression obtained was a slight de cline 

in volune and spermatogenes i s .  Appare nt ly spermatozoa concentration was un­

changed. The r epe at abil ity of e j aculate character ist ic s was high , particularly 

for spermatozoa c oncentrat ions . 

Two r e as ons could be advanced f or  t he decl ine in s er:1en volune s :  

fir stly be caus e rele,t ively le ss cloac al f lu id is obtaine d  from ol<ler b ir ds ; 

eit her b e c ause they are better adapted to handl ing for co lle ction and the qu ick 

ere ction approximat e s  a nat ur al mat ing , or the superf ic ial s inus e s  and ep ithel ­

ium rel e as ing the fluid have dr ie d  with age or have reduced per me ab il ity from 

fibrous tis su e  which has developed in response to the abnormal pr e ssur e s .  

Secondly, the testicular and vasa deferent ia secretions could decline with age. 

Either of these changes could predispose the maintainence or even increase of 

spermatozoa concentration. However a comparison of depLetion experiments 

conducted at nine and twentyone months on the same groups of mal. es ,  suggested a 

decline in spermatozoa release caused by decreased spermatogenesis ,  not response 

to handling. A correlation of +0. 976 was obtained between spermatozoa 

concentrations of successive collections in the depletion test reported in Expt. 3. 

Excepting a few rather sate conclusions drawn from the significant daila, 

this study doe s not elucidate age or seasonal effects on semen production. 



62. 

Genetic determination of semen volume was demonstrate d by the 

consiste ntly higher Au stral orp value s .  Although statist ically unpro ven , strik­

ing differences in the psychological re sponse to colle ct ion and exper imental 

tre atment s between the strains , wer e cle ar t hroughout the stu�. 

Australorp seme n  voluoe s were s ignif icantly higper than Leghorn from 

the e ar l ie st collect ions at s ix months age to those at twentyone month s .  As 

Fransen � & (1955 )  indicateq., a s ignif icant correlation of te ste s arrl body 

we ight , and spermatogene s is with testes weight , could a.c ·count for s ome of the 

variation observed .  For the t wo  Leghorn strains , th e  average s eme n v olume was 

not s ignifi cantly different although the '\'lC were gene rally about 1 6�& higher . 

Thes e  impre ssions are illustrated in F igur e s  4, 5 and 8.  

As previously me nt ioned , ML volume s reversed the gener al trend in early 

sUIIU:!er semen char acter istics .  Reports in t he liter atur e ind ic ate t his could be 

due to a super ior phys iological adaptation to high temperature s ;  better vitamin 

C util iz ation ; or b e  relate d to the onset of spermato genesis and r e J at ively 

smaller and more c ons istent volume s dur ing t he pre vious six mont hs .  

no evidence e ither way from this study. 

There is 

The exper imental tre atme nt s of the seme n pro duc tion stud ie s ; nutrit ion , 

light and age ; d id not inter act signif icant ly with the strain vo lumes . Even 

this l imited range of tre atment s implies th at the physical proces se s affecting 

seme n product ion are similar in all strains , as would logically be expe cted. 

Spermat o z oa concentrations were not signif icantly differe nt  between 

the strains . Any hypotheses regarding genetic variation were invariably con­

fused by the different ial rele ase of non-seminal fluids c au s ing  s ignif icant 

chang e s  in concentration. Spermatoz o a  concentrat ion and the tendency to re­

le ase cloacal fluid appeared to be ind ividual characteristic s ,  where as in 

Expt . 7,  the var iat ion within strains tended to ob scure th e  vari ation b etween 

them. In this re� as with other phenotypic character ist ic s ,  the ten ML 

cockerels were much more uniform. 



Computed from all collections re cor ded between s ix  and thirteen months 

of age the average semen volume s obtained were : NJ ,  0.71 3 ml. ; WC , 0.41 1 ml. ; 

and ML ,  0.344 ml. 

The aggregate average spermatozoa concentration e stimate<i from haema­

cytome ter count s ,  was 3.8 x 1 09 
spermatozoa per ml .  

A composite value which helps t o  reduc e the int er-colle ction fluctu-

ations , aver aged at approximately 2000 mill ion s permatozoa per e jaculate . 

Individual ej aculations after one st imul ation ranged from 0 to 2.3  

ml . , the latter very except ional ejaculate was estimated to contain approximately 

8000 million spermatozoa. During the deplet ion tests , 3. 5 ml. of seme n was 

e jaculated by one AO cockerel within three hour s , but as the result s in Expt . 7 

show , t he conce ntration declined. The highest concentration of any s ingle 

9 
e jaculate te sted was 6 .8 x 1 0  spermatozoa per ml . ,  but only a small fr action of 

the colle ctions were studied. Several aspermic e j aculates were obtained from 

yearling cocks dur ing the au tumn. 

The psychological f eature s distinguishing the strains in the ir 

re sponse to most human activities ,  seem to apply for sexual stimulation as 

we ll .  Spe cific re actions are noted in the dis cus sion on semen releas e .  

Australorp male s after init ial training, be came vis ibly exc it e d  be-

fore a semen colle ction. S ince the same pattern of human activity was 

maintained at approximately the same t ime dur ing collection afternoons , the 

b ir ds appe ared t o  asso c i ate the rout ine and the handl ing for e jaculation. In 

most cases , a set sequence of collections was maintained ,  mov ing down one row 

of cages and up the other side . Cockerels became quite agit ated when the ir 

neighbours were handle d for e j aculation, probably by a comb ination of' antici-

pation and the visual stimulation of' another bird in an unnatur al posture . 

Some Australorps proceeded to e jaculate . BJ.lhos.t spontaneously, a f'evi in the ir 

cage s ,  and the majority after one or two massages .  Erection and e j aculation 

were rap id , and if the operator failed to control the engorged copulatory 



organ, the seme n was often forcibly expelled from the vent. Normally the 

engorged t issue could be gently retained by the thumb and forefinger and semen 

flovred from the white boqy into the tube . Post-collection excitenent , as ses sed 

here as libido, was characterist ically low in Australorp males. 

M Line male s exhib ited relat ive ly less pre-collect ion sexual 

exciteme nt. This could be inter preted as : a mor e fearful re sponse to the 

ant ic ipated handl ing , which muted their sexual de s ire , or a genu inely differe nt 

attitude to semen co lle ction compared to the AO male s .  The latter may b e  that 

a higher thre shold of sexual st imulat ion is re quired before the cockerels 

assoc iate ej aculation with the pre-colle ction activity. In t he  handling phase , 

ML cockerels usually require d  several massa� s  and often re pe ated stimulat ions , 

then a r elatively slow and gentle appl icat ion of pre ssure to the vent area. 

Erection and e j acul ation were more pr olonged wit h  this strain , co nseque nt ly the 

actual colle ct ion of semen was e asier . In the post-colle ction phase most of the 

males were extremely excited ,  hence their l ib ido scor e were high. The birds 

strutte d  around the ir cages , fre quently sparr ing with a ne ighbour and 

occas ionally crowing. 

The se differences betwe en the ML and AO co ckerels indicate thet the 

farmer strain , more t imid and alert , suf fered a conf'l ict of fear and sexual 

excit ement prior to colle ction, but that the induced e j aculat ion prorr.oted 

full expre ss ion of the latter . The le s s  temper ament al AO cockerels expr e s sed 

their sexual exciteme nt prior to colle ction and the emotion subs ided rapidly 

after e jaculation. WC co ckerel r e actions var ied cons iderably between the se two 

extremes. Although no supporting data is available these observat ions suggest 

that AO semen collections approximate closer than ML, to natural mat ing. 

This could arise partly from anatomical differences  determining the stress 

during handling , but appare ntly the re sponse is inf'lue nced by the psychological 

state of the cockerel , which is part-genetically determined. 

All compar isons were made using the one -man colle ction Method B ,  

described in Section 2. 5. 



Semen Release .  

Thi s  section c onsists o£ a dis cu s s ion of exper iment s  5 ,  6 and 7• 

A useful confirmation of s ome of the opinions expre s sed in the pr evious 

pan.graphs on the psychological co ntrol of serre n  rele ase , is obtaine d fr om the 

re sult s of Expt. 6 .  This experiment was originally int e nded to determi.re the 

merit s of two colle ction me thods applie d loc ally , and in r e s olving this prob lem 

reve aled some striking genotypic-environme nt al interactions . Of pr ime impor tance 

was the dil£erent ial r e sponse o£ ML co ckere ls to a new colle ction te chnique ; a 

signif' icant increase in semen vo lume s was obtaine d by using Method B or. gr-oup A 

coc kere ls , but virtual ly no respons e  was obtained when Method A was applied t o  

Group B cockerels . In contrast the AO coc kerels were much le ss affected by 

the unaccustome d use of either ne w  me thod. A second £e ature was that spermato ­

zoa concentrations were far le ss affected by the colle ction t e chniqu e s  than 

volume s ,  suggest ing that the e j acu l ations were approximately normal. This is 

important b e cause it means that ne ither me thod sought to retr ieve some thing at 

all c o st s  - in fact an effort was made to avoid this ; and that the di£ference s 

aro s e  from a failure t o  e jaculate and not the manipulat ion of c o pulatory t issue 

after e j aculation. Therefore t he valuable result s are : fir stly that a 

response to st imulat ion was in part genet ically determine d ;  a nd  s econdly that 

the one-man Method B was super ior to the two-man Method A illustrated in 

Figure 6. 

Some explanations ar i s e  from a comparison of the methods .  Method A 

employs two operators very cl ose to the cages ; in common with most dome�c 

�s the fowl displays relat ively more fear with the appro ach o£ two humans , 

especially from dif£erent djrect ions , than one .  Sinc e  the emotional capacity 

o£ the b:ird at any one time is l imited, it is reasonable to expe ct a £ear 

response t o  dominate the sexual exciteme nt  which is apparently necessary £or 

e jaculation. If the degree o£ £ear is low,  the sexual excitement could prevail , 
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for instanc e  in AO sto ck with the ir  docile temper ame nt s .  The apparent pr e-

colle c t ion lethargy of ML c o ckerels c ofild reflect a confl ict b etwe en f e ar and 

l:ih ido. A th ird po int is the differ e nce s in handl ing co ckenls . Method A is 

fast , r ough , and b e ar s  l it tle resembl ance to n atur al mat ing. As would be expe ct­

ed the training period is ext ende d because each cockerel has first to overcome the 

fear of man-handl ing and then to respond t o  sacra�-lumbar mass age , wh ich is 

the only sexually dire cted act ion. In contrast mo st modif icat ions of Method B 

are slower and more gentle . The cocker e l  is approache d by one operat or as for 

most servic ing act ivit ie s ,  withdrawn e nt ir ely from it s cage and held upright on 

his l ap . Apart from the distortion c aused by restr aining his hocks , the 

cockerel is po s i tioned natur ally and comfortably and his ke e lbone rests on 

mu scular tissu e ;  a situation which approximat e s  natur al mating ( see Plate 3) .  

\Vhen sacral-lumb ar ma ss age was applie d the cockerels could re spond physically 

by basic mating movement s without pain. The result s indic at ed that 53% of 

the Le ghor n cocker els and all Aus tralorp co cker el s , re sponde d to the ir fir st 

art ific ial c olle ction by an ej acu l ation. By the thira c olle ction 85:� of the 

Leghorn coc ker e l s  re sponde d and none r emaine d re calcitrant by the fifth 

colle ct ion. The le ar ne d  response to Method A devel oped more sl owly and 

e j aculations wer e ne ver el ic ited from a fe w cockerels. A fourth advant age of 

Method B was the better synchro nisation of mass age and vent pr e s sure obt aine d , 

as the physic al re actions of the b ird could be ci early felt and the e j acul at ion 

anticipated which enabled the left hand and tube t o  be ready at the optdmtim 

moment . 

After many months of training otherwise , the goo d  re sponse of Group A 

cockerels t o  Met hod B is r ather surprising. S inc e  the higher seme n volume s 

maintained an e qually high spermatoz oa co ncentrat ion, the extra response must 

have been obtained by a larger ej aculation. Two pos s ible r e asons for t his 

could be the extra sexual arousal ar ising from the novelty of a new handling 

method, or t he re sult of a b etter synchr onised massage and s eme n  collection 

procedure . 



F igure 6 illu strates t hat the c a.rryover effects on volume or 

concentr ation were ne gl igible. 

Gener ally the se re sult s co nfirm Lake 1 s ( 1 957b , 1 967 ) ,  conclusions 

on the psychological domination of ej aculation. They sugge st that b oth the 

temper ame nt and moment ary mental state of the cockerel at the t ime of colle ction,  

determine what proportion of the ej aculat ory ducts are evacuated and whe ther 

urinary or faecal pro ducts wil l contaminate the semen. Obviously t�e mos t  

important phase of seme n colle ction is to e l ic it an e j aculati on , re cove ry 

bei..'lg a simple me chanical pr ocedure . 

The signif ica.11.t incre ases in spermatozoa concentration during the 

day are rather surpr ising , as env:ironment al conditions were apparently much 

the sane at the 0855 and 1 6 3 0 ho'-lrs collecti.::ms .  Se!lBn volUIJe s , s e e  F igtn'e 8 ,  

were not s igni:' ic antly changed. 

Two re asons f or lower morni.."lg concentrations could be postulated : 

f ir stly be cause the c ontents of the iTasa deferentia wer e more dilute ; or 

se c ondly that a re lat ively higher proportion of cl oacal transudate was rele ased. 

There is no evidenc e  for or against the f ir st theory. The second is feasible , 

as coc :cerels app e ar e d  to be excited by ha..'1dli..l'lg at the unusually eru."'lY hour and 

this could have indu ce d corre lated increases in engor gme nt of the copul4tory 

tissue and the flow of transudates.  Alt ernatively, gre ater pr e ssure may have 

been applied t o  dire ct the semen, with the s ame effect on transudate flow. With 

similar reasoning t o  that used above , the gre ater unif ormity in AO ej aculates is 

not unexpected. 

Particularly sur pr ising were the s ignif icant incre ase s in the percent­

age l ive spermat ozoa dur ing the day,  which were not wholly negated by the error s 

of estimat ion. It is unlikely that dead spermat ozoa could be c at abolised and 

readsarbed in the vasa deferent ia dur ing the short t ime involved. One pos s ib le 

explanation is that this phenomenon co uld be asso c iated with changes in 

spermat ozoa concentrat ion. If a smaller proportion of the vasa deferent ia 
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contents are rele ased in the mor ning colle ction and or ig inate from the distal 

portion ,  this could contain r elat ively more de ad and se nile spermatozoa. In 

the aft ernoon collections , a relatively l ar ger seme n evacuat io n  from the vas a  

defer e ntia, would modify the e arl ier char acter istic s. 

The unexpe ctedly high AO spermat ozoa co nc entrations of t he :nidday 

colleat ions illustrated in Figur e 8 ,  ups et the gener al patter n. There is no 

logical explanat ion for the m  and they ar e  probably insignif icru1t . 

Seme n  exhaustion re sult s from Expt . 7 are illustrated in F igur e 5. 

The exper iment , as or iginally int ende d ,  did not as certain the stage 

at wh i ch e ither seme n re sour ce s , or the e j aculatory re sp ons e  t o  s t imul ation 

ceased , but did produce useful data on partial seme n deplet ion and recurrent 

sexual ar ousal . 

The l ower gr aph of F igure 5 il l�s tr at es the rather l ine ar de cl ine s in 

spermatozoa rele ase . This was due mainly to the s i gnifi cant de c line in 

sp cri!l ato z o a  concentrat ion obs er ved with all cockere ls . The app arent stabil ity 

of volume s seemed to be an art ifact of the colle ction te chnique , bec aus e the 

de cl ine of seminal flu id  was c ompe nsated by an incre ase in cl oac al transudate 

inadverte ntly squeezed out as stimul ation became more diff icult . Pre sumab ly , 

if depletion had continued wit h ej aculations requir ing more stimulat ion ,  at 

some stage the proce ss would have b ecome painful to the cocker el , caus ing a 

sudden fall - in  l ibido and a re sistanc e  to further colle ctio ns .  

Al l  the collections appe ared t o  b e  genuine e jaculations as indic ated 

by : the physical re sponse of the c ockerel s ;  the linearity of concentr ati o n  

decl ine ; and in particular ,  the ins ignificant c hange s in the fertilis ing 

capacity of e ach one. The r e sult s indicate that a cockerel doe s not r el e ase 

a large proportion of his mature spermatoz o a  during one artific ial colle ction 

and that if sufficient time el apse s  far the e j aculat or y  du ct s to refill and 

ment al  co-operation is forthcoming , a second collection is pr acti cable . The 



f ifty minute interval was obviously ade quate and probably far longer than 

ne ce ss ary. Almquist and Hale ( 1 956 ) ,  reported similar deplet ion studie s of 

bull s ,  where with twenty collections over se ver al hours , 31%  of the t ot al 

spermat ozo a were obt aine d in the f ir st two , and 76% in the fir st ten e j aculat ions . 

It is unlikely that a cockerel c ould su st ain twenty rapid e j aculations and they 

appe ar to rel ease a relat ively hieher pr oportion of spermat oz o a  reserves in the 

initial e j acul at ions . As there is adequate e v idence that most c ockere ls are 

capable of over twe nty natur al mat ings within a few hours , this highl ights the 

important d ifference in art if icial semen collection from the bu ll and cock ; 

that the former 1 s much more cl o s ely approximat e s  a natur al mat ing. Semen 

colle c t ion fr om a trained cock is largely determine d  by t he oper ator 1 s skill , 

wh ile the init iat ion and maint a inence of sexual de s ire are relat ively mare 

important in the bull. 

In F igure 5 ,  th e re sult s are expr e s sed as strain aver ages and ob scure 

the type cl ass ific ation used in t he sele ction of co cker el s . Both pair s of 

cocker e l s  performed true to type ; higher spermatozoa co ncentrati ons wer e 

maint ained in Type 1 dur ing suc c e s s ive c olle ctions , and Type 2 cockerels con­

tinue d  to rele ase relat ively mor e transudat e s  with the ir e j a culatio�� .  

St imulat ion gr ade s gradually increased , part ic ul arly in the fourth 

colle ct io n ,  and l ib ido decre ase d  as e j aculat ions became more difficult to el icit . 

It is difficult t o  der ive c au se or effe ct for the latter phe nomenon ; whether 

only a certain amount of s exual arousal can be obtained in one a.f'ternoon and 

ti1is c o ntrols e jaculation; or whether there was a fe edb ack effect of semen 

deplet ion on sexual arousal. The well- do cume nted advant age s obtaiood from 

changing the teaser animal or visual stimuli to induc e e j aculation in the bull , 

appear s  to be unimportant in th e fowl , whic h in artif ic ial colle ction , is 

aroused by mass age and eventually a le arne d association with human activity. 

No prec ise experiment s were conducted to as se ss the long-term semen 

potent ial of c ockerels . During the mo st intensive collect ion per iod, wher e  WC 
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male s e jaculated thirtyohe. time s in s eventyeight days during the late spring 

and summer , there was no indication of a decl ine in seme n volume or conc ent ration. 

In the most c oncentrated phase ,  with f ifteen c ollections on conse cut ive days , 

s emen v o lume s de creased very sl ightly , the n se emed to settle t o  a uniform 

rele ase , po s s ibly ge ared to spermatozoa maturat ion. O ver t he main study per iod 

of seve n month s , co ckerels e j aculat e d  f or an aver age fortyone collections , or 

appr oximate ly e very f ifth day ,  but all the evidence su ggested t hey were c apable 

of much mor e .  

The sub j e ct ive estimat io 1� of stimulation and l ib ido wer e re corded f or 

every collection , but were l it tle use in analyse s  apart from s e me n  exhaustion 

tests and the ge netic de terminat ion o£' psychol ogical respons e  to colle ct ion. 

St imulation gr ades e ar ly in the exper iment al period ser ve d  as a guide 

to the re sistance of co ckerels to tr a ining f or co lle ctio n ;  of tem:;;er a.-.e nt ;  and 

enviro nme ntal di sturbances at t he t ime of semen collect ion. A refer e nce to 

the st imulation grade thr oughout the study, helpe d to put the other result s in 

per spe ctive and indicate abnormal it ie s .  The main fault l a,y  in the criterion used 

t o  grade t he  colle ct io ns .  If some me asure of the mass age s o r  time involved in 

massaging could be taken, rather t han the number of comple te induceme nt s to 

e jaculation ,  the grade s would have indicated the variation in pr e-co l le ct ion 

re sponses which later o c curred. As it was applied the gr ade s  varie d  lit tle , 

apart f'rom during t he initial colle c t io ns or in abnormal c ircumstanc e s .  

The ne gative c orre lation obtaine d b etween stimulat ion an d  semen v olume 

is logical , as an ej acul ation was pr o gres-s ively harder t o  elic it after e ach peak 

of libido dur ing massage . More than three stimulations wer e rarely made and in 

none of' th e s e  was an ej aculation obtaine d. 
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Libido , as a guide to post-colledtion sexual arousal Showed 

extreme ly high repe atability for individual mal e s ,  but t his t oo ,  was of l ittle 

use in analyse s .  After sever al we eks of colle ction it was cle ar  that this 

1 libido 1 s c ore was actually a me asure of the di splay of courting act io n in the 

f ir st few se conds after e j aculation. This score served s ome purpose , but was 

inadequate e ither as a guide to sexual ar ou s al throughout the collectio n ,  or 

acquie sce nce to stimulation. Probably the main value of l ib ido as for 

stimulat ion grade , was that re sult s from individual colle ctions were kept in 

per spe ctive by referenc e  to the se scor e s  which reflected the part icular genQtypic­

e nvironrnental interactions at the t ime . 



A. Review. 

3. 1 Introduction. 

C H A P  T E R  3• 

Semen Storage . 

When the time between seme n c ollection and insemination is extended 

spermatozoa must be stor e d  in an enviro nment favour able to '  the mainte..na!!lce of 

the ir fert ilising capacity. No particular method of stor age has been pro ved 

super ior for c ommerc ial conditions , and the most recent investigations show 
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several markedly different approaches . Fowl semen may b e  retained without much 

preparation or loss in fert ilising capacity for a few hour s in �; fortunate­

ly this is u sually ade quate for insemination routine . Rese arch into fowl semen 

long-term stor age is concerned mainly with the development of a seme n bank , where 

the genetic potential of male s c an be disseminated over a :;reater time or area. 

Unf ortunately, most of the experience and te chnique s gained from r e search into 

mammal ian semen stor age c an not be extrapolated to poultry. F owl spermat ozoa 

exhibit rel atively go od resistance to temper ature shock l!l-vitro ( 1,'1ales  and 1,',hite , 

1 959 ) , and a long functional life in-uter o , yet paradoxically they are much 

harder t o  store than mammalian spermatozoa. It is reasonable to ascribe this 

to a relative defic iency o f  knowledge on the biochemistry of fowl semen , as well 

as class differences. 

The loss of fertilising c apacity of stor ed spermatozoa has not been 

attributed specifically to reduced motility, but apparently refle cts some 

degeneration in the genetic mater ial in the head , and mitochondria in the mid­

pie ce region. Lake ( 1 e 54) suggested that the he ad and mid pie ce of the cell 

are initially covered by a thin cytoplasmic she ath , which disrupts in 

unf'avourable conditions , and renders the genetic mater ial vulnerable to  

physical and chemical damage . Other investigatCir' s have emphasised the need 

to cons erve the endogenous reserves of the spermatozoa during storage , for 



the effort required in traversing the lower oviduct inuned.iately after 

insemination. This basic lack of agreement about the important factors in 

fowl spermatozoa storage 1 explains the diverse approaches in research. 

Several groups of invest igator s have recently reported progress in 

extending serren storage time beyond one or two days. Freez ing spermatozoa 

far long storage , probably remains the ultimate obje ctive to most of the 

approaches. 

Wilcox and Shaf'fner ( 1 9 58 ) stared semen for one to three days at 

1 0°C. 1 in a sodium-phosphate buffer solution ( see Appendix B ) . The ir most 

successful method, involved a relatively high 1/1 1  dilution of semen in buffer 

plus ant:ihiotics for storage 1 then a re concentration of spermatozoa to the:ir 

undiluted dens ity in fresh buffer plus 2. 5 mg/ml fructose , just prior to 

insemination. After twentyfour hours storage 1 the spermatozoa produc ed 69% 

fertility and 94% hatchability , from eggs collected on the 2nd to 8th day after 

insemination. Lake , Schindler and Wilcox ( 1 959 ) ,  from using the same method, 

achieved about 37.% fertility from semen which had been collected in the 

United States ,  and flown to Scotland and Israel for insemination about thirty-

eight hours later . 

Some investigations into the inhibition of' spermatozoal. motility 

by 2-ethyl , 5-methyl benzimidazole (E.M.B. ) 1  have been reported by Harris , 

Wilcox and Shaffner ( 1 961 ) • Semen was diluted 1 /2 in a sodium-phosphate  

buffer ( see Wilcox etal 1 958 ) containing 1 00 }le/ml EMB ,  for up  to  five days at 
0 20 c. , and the EMB was washed out just pr ior to insemination. Up to 75% 

fertility was achieved under the most favourable condit ions , but the dUration 

of fertility was not reported. 

Another serie s of investigations involved storing semen in hypertonic 

carbonated diluents , also aimed at temporarily reducing the activity of the 

spermatozoa. Harr.is and Hobbs ( 1 964) ,  reported on varied gas to fluid ratios 

in sealed ampules with different concentrations of sodium citrate and carbon 

73. 



74. 

dioxide in the diluent. They concluded that an optimum gas :fluid ratio of at 

least 3 : 1  for a 1/4 dilution, and higher far low dilutions , maintained good 

fertility in semen stored from twentyfour to fortyeight hours at 2° c. 

For many years investigators have tried to produce a diluent 

similar to pure seminal plasma, which could be cons id.ered the most satisfactory 

fluid far spermatozoa to be stored in. Evidence against this reasoning is 

presented later in this review , however in some respe cts the plasma does  

indicate a fluid composition tolerable to  spermatozoa. Lake (1960)  devised 

a diluent which simulated fowl seminal plasma as collected from tr£ vasa de-

ferentia , with respect to phosphorus ,  sodium, magnesium ,  potassium and glutamate 

concentrations , and the o smotic pressm·e was adjusted by addine fructose . 

The semen was stored aerobically at about 2° c. and achieved 6I._�b fert ility after 

tv,ent;yfour hom· s ,  and 47% after fortyeight hours storage , from eggs layed on the 

2nd to 7th day after insemination. 

In contrast to  the efforts to provide a carbon dioxide environment 

and temporar ily reduce diluted spermatozoal act ivity, Proudfoot and Stewart 

( 1967) , experirr.ented with an oxygen atmosphere for whole semen. They reported 
0 that 0.4 ml .  sample s of semen,  stored in sealed cryovac enclo sur es at 10 c. 

for up to seventeen hour s , produced bettcl7fertility in oxygen than in nitrogen , 

air or carbon dioxide gas . 

The final and important aspect of re search is storing semen at sub-

zero temperatures. The main objective is to protect the genetic mater ial 

from decydration effects and me chanical stres s ,  during freezing and thawing • 

.Although mammalian semen has been successfully frozen and stored for many 

years (Mixner and Wiggin,1957) , the methods have not been applicable to  fowl 

semen. Polge , Smith and Parkes ( 1949 ) ,  reported that 20% glycerol protected 

spermatozoa at -79°C. , which retained the ir motility after thawing, provided 

that the glycerol concentration was reduced below �. They also suggested 

that freeze dryihg diluted semen avoided the salt concentration effects ,  as 



the water was removed from the frozen material by sublimation. Semen was 

diluted 1/2 in Ringer ' s  diluent containing 30% glycerol , vitrified in a thin 

layer at -79 ° 
c. , and dried for three hour s at -25° 

C. to a powder about 1 5% o� 

the or iginal. we ight. The dried spermatozoa were re-constituted by adding 
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water and warmed to 40°C. for :immediate insemination or testing; their fertil-

ising capacity was lost , but up to 50% of the sperm were active. Tanaka, Chan 

and Okamoto ( 1 967 ) ,  investigated the effects of super-cooling temperatures on 

diluted spermatozoa motility, deformities and fertility, over two to four days 

storage. 
0 0 

From 2 c. to -2 c. they observed no significant differences in 

any characteristics , but below -2° c. , fertility was markedly reduced, al though 

improved when a more hypertonic diluent was used. 

3.2 Semen Characteristics.  

Apparently, fowl seminal fluid is not a good medium far storing 

spermatozoa. Several reasons have been postulated : 

1 .  seminal plasma could be an artifact of collection technique s ,  and 

chemically quite different to the small quantity of fluid bathing the sperma-

tozoa vlhile in the vasa deferentia. 

2. the spennatozoa are in intimate contact with the epithel ium 

lining in the male reproduct ive tract , and partly independent of the fluid 

arohnd them. Owing to the common origin of the urino-genital systems in the 

fowl , some investigators consider the e jaculated fluid as partly excretory 

products. 

3. seminal plasma is hypotonic with respe et to the mid piece of the 

spermatozoa (Yamane 1 962 ) ,  which is irreversibly damaged by plasmolysis. 

4. the poor buffer ing capacity of plasma. 

5· physical and chemical changes occur in both the spermatozoa and 

plasma on exposure to the atmosphere.  The se effects are avoided in natural 

mating and internal fertilisation. 

6.  seminal plasma is not likely to be  associated with the spermatozoa 
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PLATE 6 .  Freshly ejaculat ed fowl spermatozoa s tained with Nile Blue .  

A acrosome 

H head 

M mi dpi ece  

T tail 

( From :  Lake ,  P . E . , ( 1 966 ) . R e s .  vet . S c i .  'I ,  1 21 )  



in the oviduct for more than a few hours , yet s permatozoa have been 

demonstrate d  to retain the :ir fert ilising capacity in that environment for up 

to thirtyf ive days (Sturkie 1 965). 

Lake ( 1 954) stres sed the importance of an art if ic ial env ir onme nt 

which was f avour able to the int egr ity of the thin sheath enclosLng the 
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spermatozoa. When the she ath is disrupted ,  the bulb at the he ad and midpiece 

junction, is re ndered vulner able to physical and chemic al damage , leading t o  

granDl at ion o f  the mit ochondrial components. If the spermatozoa are still 

motile , the impulses from the tail are likely to be transmitted over the inneff­

e ct ive midpie ce and disrupt the fragile junct ion region which re sults in the head 

being bent backwards. As well as the damage to genet ic material , the di s-

t orted sper matozoa are pr obably incapable of pe oo trating ova f or fertilisation. 

Saeki ( 1 960 ) ,  using an ele ctron microscope , f ound an increase in the per centage 

crooked-ne ck sp ermatozoa with t ime  of stor age and dilution. He found the 

inc idence particularly high in the fti.rst ten hour s  after collection, and 

initially h igher at l ow temper ature s ,  over the range of 6° to 1 5°C. Saeki 

sugge sted that spe rmatozoa mot ility and viab ility were unaf'fected , but that 

pe oo tration into the ovum germinal region was unlikely due to the displaceme nt 

of the apical cap. The s e  sugge stions are usually corr oborated by other inve st-

i.gators. Apparently, obnoxious substance s in the s emen , either as artifacts 

of c olle ct ion or in the d iluent , accelerate the d isruption of the lipid-protein-

polysaccharide she ath which is invested about fr e sh spermatoa. Lake ( 1 954) 

considered that coiled spermatozoa, flattened heads , shrinking or swelling 

near the m idpiece , and heads with nefractile droplets along the ir length , were 

artifacts arising from the semen environment or handling re thods. Saeki 

( 1 963) , reported seas onal change s in semen characteristic s ,  which may indicate 

d±rfering effects of plasma on speratozoa, and a changing optima for semen 

storage. 

NUmerous inves tigations have demonstrated that fowl spermatozoa 

glycolyse and respire . Apparently, glucose , fructose and mannose are the 



ohl.y carbohydrates metabolised (Wilcox 1 959b , Yoshid.a and Masuda 1 961 , 

Harris and Wilcox 1 962,  Lake , Lorenz and Reiman 1 962 )  in signif'icant 

quantities ,  and glucose can be  converted to fructose by the spermatozoa 

(Lorenz 1 958 , Lake et al 1 962) , caus ing a sparing effect on fructose if' the 
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carbohydrates are available in-vitro .  The conversion is probably irreversible 

and not through gluco se-6-phosphate isomerisation (Lake et al 1 962 ). Harris 

and Wilcox ( 1 962 ) suggest that carbohydrates are metabolised by the Meyerhof-

Enden glycolytic pathway. Most inve stiga.to.ns agree that carbohydrate metabol ism 

pro ceeds at a higher rate under anaerobic conditions , and that where oxygen 

is available ,  the conversion of glucose to fructose is higher and glycolysis 

is more effic ient (Lorenz 1 958 ,  Harris and Wilcox 1 962,  Proudfoot and Stewart 

1 967).  Lactic acid is the main end product of anaerobic glycolysis of fowl 

spermatozoa, but apparently the accumulation is not respons ible fm· the reduced 

mot ility, which would parallel muscular exhaustion in higher vertebrates (Nevo , 

Caplan and Schindler 1 963 , cited by Lorenz 1 964 ) . 
Spermatozoa respiration is highly correlated to motility over a 

range of 0. 6% to 21 % oxygen concentration (Nevo 1 965 ) , but below o.6% there is 

a sharp decline until both respiration and movement cease under 0. 1 3% o«Ygen. 

Yoshida and Masuda ( 1 961 , 1 965 ) ,  suggested that respiratory processe s  were 

more important than glycolysis in energy production f or  fowl spermatoz oa. 

Unlike mammalian spermatozoa, relatively more endogenous energy contributes to 

the respiration of f owl spermatozoa ( Scott , White and Annison 1 962) , particularly 

in the oviduct where the oxygen tension rises to 35 mm Hg (Nevo 1 965) . 

Yoshida and Masuda ( 1 961 ) have reported that intermediates in the tricarboxylic 

acid cycle,  espe cially succinate , stimulate respiration. 

The favourable results achieved by storing semen in an oxygen 

atmosphere may indicate the importance of lipid oxidative metabolism to 

spermatozoa function (Lake 1 966 ) .  

It appears that most of  the reducing sugars in semen are due to the 



method of collection� having arisen from the oloaoal erectile tis sue s (Lake 

1 962 a) . Research into the met abolism of stored semen and simulation of 

natur al oondi tions , may have been misdirected into overemphasis ing glycolysis 

of extracellular c arbohydrates. 

3· 3• Diluting Sem n for Stor age . 

Fowl spermatozoa easily retain the ir fertilising cap acity for from 

00 0 
• h two to four hour s after e jaculation, if they are stored at 1 to 1 2  C .  w1t 

oxygen available .  This time c an  b e  extended if the semen i s  diluted soon 
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after e j aculation (Lorenz 1 964) .  Wit h the exception of a few investigations , 

l ike that of Pr oudfoot ( 1 966 ) ,  most re search wor kers have emphas ised the 

advantage s of immediate dilution. 

Thr ee main aspe cts of semen dilution have been re ported : 1 .  the 

rate of dilution dur ing stor age and at the t ime  of insemination. 2. the chem-

ical compos ition of t he diluent and antibiotics. 3· the toxicity of the 

diluent . 

When these factors are t e sted against the range l if1lt , temperature 

and gaseous influence s throughout the stor age per iod, there are numer ous 

combinations pos s ible . Over the l ast twenty year s ,  the scientific l iteratur e 

has abounded with reports on some of tm comb inations , but unfortunately the 

factor s are often so varied that they preclude comparisons . The most 

fundamental disagreement is whe ther the spermat ozoa thr ive b e st in an environment 

wh ich suppresses the ir movement and metabolism ,  or o t he r  the diluent should 

contain nutr ient to maintain their activity. 

Wilcox and his colleagu e s  have presented a series of expe r :ime nt s  

which have indicated that seminal plasma is a relatively poor e nvironment for 

spermatozoa in-vitro . Their two most succe s sful methods have involved the use 

of a so diurn-phos}Xlate buffer to re place or dilute the plasma. In the fir st ,  

fre sh seme n  is centrifuged and the plasma supernatant is re placed by an equal 

volume of buffer plus antibiotics ; this preparation is stored at about 1 0° c. 
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and augmented with fructose just prior to insemination. In the second and 

more successful method , fresh semen is diluted 1/1 1 in buffer plus antibiotics ,  

then centrifUged and resuspended back to  the original semen volume with fresh 

buffer plus fructose , just before insemination (Wilcox and Shaffner 1 958 ) .  

These results suggest that dilution during st<lt'age is not the critical factor ; 

rather that avoidance of the plasma effects or the dilution rate at insemination, 

or a combination of both , is more important. 

Semen which was stored in carbonated diluents with high carbon dioxide 

concentrations , for up to fortyeisht hours at 2
°

C. , :rroduced significantly 

higher fertility when diluted 1/4 than 1 /2 (Harr is and Hobbs 1964) .  

Lorenz ( 1 964) concluded that any dilution causes some damage to 

spermatozoa, but is ne cessary for storing semen. 
0 

He proposed 1 to 2 c. as 

the optimum temperature and a moderate dilution of 1/2 to 1/4 in a compatible 

diluent. 

The chemical interactions of semen and diluents have b een studied 

more objectively than most aspects of dilution. Initial intere st on simulating 

the composition of seminal plasma, has been replaced by more specific studies 

of the ions important to spermatozoa integrity, osmot ic balance and the addition 

of antibiotics dur ing storage. There is general agreement , that bicarbonate 

in a diluent increases spermatozoa respiration (Van Tienhoven 1 960, Van Tien-

hoven and El Zayat 1 960 , Hobbs 1 963) ;  that phosphate decreases respiration 

(El Zayat and Van Tienhoven 1 959, Ven Tienhoven 1 960 ) ;  that the effects of 

cal cium, magnesium and potassium depend on the anions p:-esent (Van Tienhoven 

1 960) ;  that monosodium glutamate which simulates the high glutamic acid 

content of fowl seminal plasma, enhances the motility and fertilising capacity 

of stored spermatozoa (Lake 1 960, Baj pai and Brown 1 963a, Auger am Wilcox 

1 964) ;  that fructose added during storage increases the longevity of 

spermatozoa (Saeki 1 960 , Wilcox 1 960) ; and that egg yolk reduces the fertilising 
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capacity of fowl spermatozoa (Wilcox 1 960 ) . 

Tyrode solution ( see Appendix B)  has been considered relatively 

unsuccessful for storing semen by El Zayat and Van Tienhoven ( 1 959 ) , who reported 

a high initial respiration rate of the spermatozoa , followed by a marked 

decrease in respir ation and fructolysis and a high incidence of deformed 

spermatozoa, twentyfour hours later . 

Carbonated diluents have proved useful far short stor age , and Hobbs 

(1 963) , attributes a benefic ial effect to the suppression of spermatozoa 

motility by carbon dioxide . 

Lake ( 1 958 b ,  1 960 ) reported successful short storage of semen 

diluted in a seminal plasma-like fluid, of which the glutamate , sodium, 

potassium and magnesium concentrations , ani the osmotic pressure , were similar 

to plasma. 

Antibiotics have been found to protect spermatozoa during storage ; 

it is not clear whe ther the entire benefit is antiseptic ,  or whether the 

1 000 p.g dihydrostreptomycin plus 1 00  Jlg oxytetracylcline hydrochloride per 

ml. of fluid, used by Wilcox and �r (1 958 ) , has a chelating action as well. 

Wales and White ( 1 961 ) studied the toxicity of some antibacter ials on fowl 

spermatozoa and found a considerable variation in the suscept ib ility of 

ejaculates to trem. Seminal plasma apparently exhibited an unspe cific 

mechanism to counter the spermicidal activity of many antibacter ials at low 

concentrations. 

A sodium-phosphate buffer (Wilcox and Shaffrer 1 958 ) , has become 

widely used by many investigators for storing, washing and extending semen. 

The advantage of the buffer over Tyrode solution for storage ismore clearly 

demonstrated by El Zayat and Van Tienhoven (1 959 ) , who compared 1/1 1  dilution 

of semen with Tyrode , the buffer, and a combination of the two . Initial 

respiration a.a1 fructose-disappearance rates were higher in the Tyrode and 

mixed solutions , however after twentyfour hours at 5°C. the Tyrode samples 



exhib ite d  much lower values than the buffer , and contained 87% abnormal 

spermatozoa ver su s 26$ f or the latter . 

Whole milk has been su cc e s sfully use d  as a dilue nt for star ing 

semen. However , Van T i e nhove n ,  Steel and Duchaine ( 1 958 ) ,  f ound the s t orage 

value of m ilk for turkey seme n  was depr e s se d by the addit ion of antib iot ics 

and glyc ine , and co ns i dered that repeated ins eminat ions of milk into the ovi-

duct may cre ate an unfavour able e nvironment f or s permato z o a. Lake ( 1 9 58 b ) 

warned against us ing mammal ian phys iolog ical sal ine s ,  wh ich could cont ain 

harmful c oncentrat ions of inor ganic ions for f owl spermat oz oa. 

Ringer ' s and Lo cke 1 s solutions have de cline d in popularity relat ive 

t o  the new buffered diluent s  for s emen stor age . Schindler , Vle inste in ,  Mose s 

and Gabr iel ( 1 955 ) ,  dilut e d  semen 1/4 ��th Ringer ' s , Locke ' s , pasteurise d 

0 0 
whole milk and a yolk-pho sphate buffer , and he ld the s ample s at 4 and 1 0  c. for 

up to twent;yfour hours . They reporte d that R inger ' s and Locke ' s so lut ions 

could not maintain good fertilis ing capacity b eyond about four hours of storage , 

0 
wh ile milk maintaine d spermat oz oa b e st at 4 C. , and undiluted scr:wn : ·r o ved 

0 
best at 1 0  c. The yolk phosphate buffer was an inferior dilue nt at a] 1 

temperatur e s , although Yamane , T sukunaga and T akahashi ( 1 962) , repor te d  the 

succes sful use of a yol k- c itrate-glu cose diluent for stor ing s eme n at 2° to 5°C. 

Recently consider able emphasis has b e e n  placed on th e optimum 

t onic ity f or stored fowl spermat oz oa. This has c aused a crit ical evaluation 

of the diluents in common us e ,  and indic ate d  that some of th em are unsuc c e s sful 

far this re ason. Evidently hypert onic solutions maintain spermatozoa 

fertilising c ap ac ity and longevity , b et ter than isotonic or hypotonic solutions 

(Yamane et al 1 962 , Saeki 1 963 , Tanaka and O kamoto 1 966,  Van Wambeke 1 967 

c ited by Lake 1 967 ) ,  although Hobb s and Harr is (1 963 ) ,  co ns ider e d  that an iso-

tonic sodium c itr ate diluent maintained b ett e r  fe rt il is ing capacity and mot il ity 

of stored spermat oz o a  than a hypertonic condition. Yamane et al ( 1 962 ) , - -
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considered that the spermatozoa midpiece was vulnerable to plasmolysis if 

the freezing point depression (FPD) was less than -0. 93°C. ; Tanaka and 

Okamoto ( 1 966)  reported an increase in the motility and percent deformed 

spermatozoa, when the FPD was le ss  than -0. 56°C. ; Lake ( 1 960) considered a 

medium of FPD -0.607° to -0.640°C. was optimal for fertility; and Saeki 

( 1 963)  perhaps reconciled the differences in the degree of hyperton icity, 

when he reported seasonal variation in the optimum FPD for fertilising 

capacity. 

3.4 Macroenvironmental Influences. 

Ambient temperature is the most important single influenc e on all 

aspects of seroon function and storage. Most reports conf' irm that fowl seme n 

is rel atively resistant to temperature changes ,  but can not be stored for long 

over 1 5° c. ( Schindler et al 1 955, Wale s  and White 1 959, Bajpai and Brown 1 964) .  

The optimum temperature for st aring whole semen is about 1 0°C. ; diluted semen 
0 0 0 0 has been successfully held at temperatures of 0 to 5 c. , or at 1 0  to 1 5  c. , 

depending on the diluent and other factors involved. The special case of 

freezing semen is discussed in the next section. 

Some effects of light on spermatozoa have been reported;  Hunsaker 

and Aitken (1 960) , exposed spermatozoa to ultra violet-shielded light of 

3 ,900 fc intensity, without a harmful effect on fertilis ing capacity. However 

Norman, Goldberg and Porterfield ( 1 962) , reported an immobilising effect of 
on 

visible light/stored spermatozoa, wh ich  may have resulted from photo sensit ised 

oxidation. Williams ani Hamner ( 1 963)  1 reported a dramatic increase in the 

respiration of spermatozoa suddenly exposed to light. 

Fowl spermatozoa appear to be relatively tolerant to hydrogen ion 

concentration d.ur ing storage. Bogdonoff and Shaffner ( 1 954) ,  considered pH 7 

optimal for their metabolism and respiration, but that the fertilising capacity 

was not greatly affected within pH 6 to 8. Wilcox ( 1 959 b ) confirmed this 

tolerance , but suggested that slightly acid  conditions were preferable as they 



tended t o  suppr e ss spermatozoal activity. 

Contaminant s arising �rom the ureters or cloac a  o� the male �owl , 

can induc e sperm at ozoa abnormalitie s and render stored semen usel e ss (Lake 1 954) .  

After a deliberate attempt to c olle ct a high propor t ion of erectile t is su e  fluid 

in the semen , Lake ( 1 956 ) ,  reported a s ign:if' icant de cl ine in �ert ilising c ap ­

acity by a s  s oon a s  twe nty minute s  after e j aculation , compared t o  the pure semen. 

Little s pe c :if' ic work has b e en reported on the influe nce o� gaseous 

environment �or s tor ed seme n. Rec e ntly, Nevo ( 1 965) , and Prou�oot ( 1 966) , 

have emphasised the importance o� oxygen to spermat oz oa mot ility, respir at ion 

and effic ient carb ohydrate me t abol ism. Prou�oot and Stewart ( 1 967) , have 

re ported a correlated increase of f ertil is ing capa city and oxygen conc entration 

within a spec:if' ie d  range , which they attr ibute to a spar ing action on endogenous 

resour ce s .  

Indire ct reference s to the effects of movement on stored spermato z oa ,  

sugge st that moderate centrifugat ion is accept able (Wil cox and Sha�ner 1 958 ) ,and 

that slow vertical rotation to stir the semen during storage is advantageous 

(Harris , Hobbs and Beter son 1 961 ) .  

A rather d.:if'ferent set of f actors influence t m  viabil ity of frozen 

spermatozoa. Investigations have demonstrated methods of fre ez ing ,  stor ing 

and thawing l ive spermatozoa (Polge , Smith and Parke s 1 949 , Smith and Pol ge 

1 950) , but unl ike the succe s s e s  in �reez ing cattle semen ,  no s ignificant 

breakthrough has led to a practical. method of freez ing and stor ing fowl semen 

for insemination. Glycerol has b e en us ed to pro tect t he spermatozoa while 

�oz e n ,  but as � owl spermatozo a  aan not toler ate more than 2% when thawed , the 

glycerol must be centrifuged or dialysed out before inseminat ion. Hendr ikse ,  

De Groot and Jansen ( 1 956) , sugge sted that the bene�ic ial e��ect o� glycerol 

ar o se �rom the r eduction in ice crystal s iz e ,  as well as the abil ity to trans�er 

�eely over the cell membrane and minimise salt concentration e�fe cts dur ing 

�eez ing and thawing. Glycer ol molecule s dispersed throughout an equil ibrated 



sample of semen ,  attract unpolarised water mole cule s which subsequently are. 

not available for polarisation into ice crystal s ,  when the mas se s  of water 

around the glycerol fre eze . The dispersed plasma and intracellular ice crystal s  

ar e  much &n al.ler , am impose less me chanic al stre ss on the spermatozoa. 

Apparently the head and midpd.ece of the sper mato z oa ,  ar e  more su scept ible to 

freez ing damage than the tail re gion which determine s the mot ility. In a 

recent pr o j e ct , Brown ( 1 966 ) ,  proposed that ethylene glycol would be a useful 

ant i-fre eze agent for turkey spermatozoa , but at present 1 0%  to 20% f inal 

concentration of glycerol is the only sure protective agent for fovrl spermatoz oa. 

The toxic effects of glycerol on unfroze n semen can be avo ided by immediate 

intraut erine inseminat ion (Alle n 1 958 ) ,  or intraperitoneal inseminat ion of 

thawed or f r ozen sere n  (Brown, Harr.i s  and Hobb s 1 963). Polge et al (1 949 )  - -
considered that the semen should be bulk frozen to avo id surface effe cts , 

although Clark and Shaffner ( 1 960 ) ,  favoured rapid freez ing of small sample s .  

The latter wor ke rs reported u p  t o  40% fertil ity an d  normal. hatchab il ity from 

semen which had bee n frozen with 7� to � glycerol at -79° C. , thawed 

quickly to 40°C. , centrifuged at 1 200 RCF far ten minut e s  to separate out 

most of the glycerol , and inseminated into the uterus. Recent ly Harris ( 1 965 ) 
0 

obtained fertile e ggs from semen which had b een stored at -1 96 c. in licpid 

nitro gen for seven days. He store d  0.4 rnl .  samples of semen diluted 1/4 in a 

saline diluent with a f inal concentration of' 6% dimethyl sulphoxide (DMSO ). 

The semen was thavred to 41 ° C. and the best r e sults of up to 44% fert ility were 

obtained from intraper itoneal insemination, without the m ce s s ity of removing 

the DMSO f ir st. 

A survey of the re cent re sear ch, indic ates that fowl spermatozoa c an  

retain their functional capacity f or  several d�s under extremely diver se 

condit ions. This sugge sts that the pre sent difficultie s  may be attr ibuted not 

to spermatozoa fragility, but pos s ibly a fundamental misco nception on the 

treatment of fowl seme n. 



B .  Research. 

3· 5 Materials and Methods. 

f .  Stock. 

as. 

Seme n f or each experime nt was c olle cted from the minimum number 

of males pr actic able , for use with pulle ts of the same breed. Unle ss otherwise 

spe cif ied the ej aculates were c ollected separately then qu ickly poole d f or 

experilJlental u se , irre spe ct ive of uneven seme n  volume s. The sele ct ion of males 

was arb itrary but only in exceptional cases where ins ufficie nt s eme n  was 

available , were the ej aculate s from t wo  str ains poole d f or  one exper iment . 

Fertil ity tests were made with pullet s  in batterie s clo s e  to the 

cockerel cage s . Gene tic ally related pulle t s  in adj acent cage s with s imilar 

egg production rate s ,  were alloc ated to one exper i.Ioo nt .  Many wer e used s everal 

t ime s  w ith a minimum four week lap se betwe e n  two experimental inseminat ions . 

Most of the studie s were arr anged f or the winter and spr ing months , co incide nt 

with t he highest e gg pro duction rate , but a s pe c ial r ef erence t o  d e c lining 

pro duction is made f or summer exper iment s .  

2.  Semen tre atment . 

Collection , evaluation and insemination me thods have been 

describ ed in Sect ion 2. 5. 

When individual e jaculates had been me asur ed they were drawn out by 

pipette and pooled without any pt'e cautio ns for temperature shock. The tube s 

containing semen were l ightly s e.aled in the she d, but expos ed t o  natural l ight 

and out side temperature s in transit to the laboratory. 

Clean dry tubes were prep ared f or s tor ing seme n after mixing. 

Dilutions were made within twenty minut e s  of seme n collect ion ;  normally the 

diluent was added from a pipette to a me asured volume of semen in the tube and 

sw:irled by hard until the mixture was visibly uniform. Dilut ion rate was 
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expr e s se d  as a fr actio n : 1/3 meaning one part s emen in thre e part s  mixtur e. 

Undilute d  seme n ,  the oretic ally 1/1 , was e xpr e ssed as 0 dilution. 

Stor age t emperatures are spe c ifie d  in the exper iment s .  In nearly all 

c ase s semen was maint aine d at 1 0° C. in a dark co ol-room. Refriger ated s ample s 

were tr ansfer r� d  to t he co ol-room about thirty minut es pr ior to ins em inat ion. 

The st ored s amples wer e o c casionally stirred if the semen had pre c ip it ated from 

the mixture .  

3· Fertil ity te st s .  

The dl'J ice of adequate replic ations t o  make the fertil ity 

results stat istic ally wor thwhile was r ather arbitr ary at f ir st .  A s  the initial 

result s were analysed and the f actors were t e ste d at more pre c is e  l evels , the 

numb er of r eplic ate s increased from four to s ixte e n  pul le t s. By mistalce , a 

true block randomis ation of pul let s was not applie d for the e arly e xperiment s 1 

but in most instance s the r e sult s wer e clearly significant and the error was 

co� idered toler ab le for the criterion of per cent age fert ile e ggs . Howeve r ,  

correctly randomised bl ocks wer e appl ied t o  mo st of the exper iment s reported here 

and the r eplication t erm appe ar s  in the analyses. 

The pulle t s  were inseminated from one semen sample at a t ime to avo id 

swappL'1g and cle aning the c annulae betwe e n  adjacent irrl ividual s .  Although 

pulle t s  for one tre atment were all insem inate d  before st ar t ing on the next , the 

time l apse b e twee n  first and l as t  batche s of semen rarely exceeded ten 

mimlte s .  

3•6 Experime nt s .  

A few aspect s of semen storage vrere inve stigated a s  adjunc t s  t o  the 

evaluation of diluent s ,  dilut ion rate and opt imum temperatures , f or maintainipg 

the fertil is ing c apacity of semen for up to twentyfour hours without freez ing. 

All the t ables of re sults and analyse s are presented in Appendix A. 



Several refere nce s ere made to the graphs , which are computed fr om untr aP�f ormed 

percentage s .  

F iE,Ure s with in the t able s pre sent the true fert il ity pe rcent age s , 

however an arc sin tr ansf ormat ion f or analyse s was made to reduce non-add it ive 

effe ct s . \Vhere c onparisons betvTCe n  me ans were s ignif ic ant , the transforrr:e d 

tre o.tme nt s and signif ic ant difference s betvre e n  them are included in the text . 

Exper:i..rr.e nt al  methods and r e sult s are reported in t his s e ct ion and a d is c u ss ion 

o f  the result s foll ows in S e ct ion 3.7. 

Exper iment 9 F ert il is ing c apac ity of stored s emen. 

" 1 0  Dilut ion effe ct on sen e n  fert il is ing c ap ac ity. 

" 1 1  D ilu t ion effe ct on stored seoe n fertil is ing c apac ity. 

" 1 2  Temperature and dilut ion e ffects on s eme n st orage . 

" 1 3 D iluent s  f or seoen st or age . 

" 1 l�  Diluent s and dilut ion f or seme n st or age . 

" 1 5  Spe cial tre atrr:e nts for senen s t or age . 

" 1 6  Clo ac al tr ansud at e c oncentration in stored senen . 

" 1 7  RelE-t ionshi:r: betwe en age of male and s ene n char acter-

istics . 

EXPERD:E!'TT 9. 

Methods . 

0 
Semen stored at 1 0  c. was evaluated hourly by inseminat ion t o  

observe the change s  in spermat oz oa fertilising c ap acity. 

Semen was colle cted from twenty WC cockerels , pooled and d.ilut e d  1 /2 

with sodium-phosphate buffer f or stor age . Ten WC pulle t s  were ins em inat e d  with 

0.05 ml. from each hour ly sample drawn from the stored s emen. 

The experiment was intended to show whether a s ignificant de cline in 

spermatozoa fert il ising c apac ity oc curred in the f ir st 375 minut e s of s emen star -

age . Immediately after coll ection the semen was diluted 1 /2 with sodium-

pho s phate buffer to a final volume of 8.8 ml. and held J:!! vitro at 1 0°C.  At 
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approximately hourly intervals the tube was mixed thor oughly and a small port ion 

of the s emen withdrawn for inseminations . Estimat ions of spermatozoa concen-

tration ,  motil ity and percent age of l iv e  s permat ozoa , were made b etween the 

inseminat ions. 

Result s .  

Data treated a s  a single clas s if icat io n analysis o f  variance are 

pre se nted in Table 20. F igur e s  represent the percent age of fertil e  e ggs from 

each of the ten pullet repl icat e s ,  at the tirr.e maintaining 76% e gg produc tio n , 

from the second t o  ninth day after ins emination. 

Aver age fertiJ itx. 

Storage Mean 

1 35 minut e s  78 . 2 % 
80 11 64. 7  

255 " 59- 3  
375 " 58 .7 
31 5  " 50. 2 

1 95 11 47- 3 
30 " 43.0  

( 1 ) Moderately higher fert H ity (P< 0. 1 0 )  was obtained f'r om seoen 

inseninated e.fter 1 35 minute s l!:! vitr o , than that stor e d  30 minute s 1£! vitr o .  

(2)  There was no signif ic ant pattern between time o f  stor age and 

fert il ity. 

( 3 )  There were no s ignific ant changes ih the percent age of l ive 

spermat ozoa or concentr ation e ffect s  from des sic at ion. 

Average mot il ity grade of stored semen 

Stora�e Mean grade Mean product. 

60 m inute s 5 4 1 8 .3  
1 20 " 5 4 20. 0 
1 80 " 5 4 1 8. 3  
240 " 5 3 1 6. 7 
300 " 5 3 1 6.7  
360 " 5 3 1 6.7  
420 " 4 2 7·3 
480 " 4 2 9. 3 
540 " 4 2 8.7 



Motility grade was computed from the average of three determinations 

hourly and the two scales mult iplied to derive the mean pro duc t .  The grade was 

compo sed. of two sub jective 0 to 5 scales ; the first for general swarming motion , 

and the s e cond e st im at ing the pro port ion of spermatozoa d isplaying independent 

moveme nt . 

(Lr) An abrupt decl ine in mot il ity occurred in the s eventh hour of 

stor age � vitro ,  without ac c ompo.nying change s in the per c e nt age l ive 

spermat oz o a. 

EXPERIMENT 1 0. 

Methods . 

Th is exper ime nt was int ende d to as s e s s  the re l at ionship betwe en 

seme n dilution in vitro and the per s istenc e  of fert il i s in g  c apac ity 1£ uter o .  

Te n WC c ockerels provided semen for each of the t wo  co lle ctions and 

ten AO pullet repl ic at e s  were inseminat e d  wit h 0. 05 rnl . for e ach tr e atme nt . 

Half of t he poole d seme n  was stored unchanged and the other half 

diluted 1/2 with scdium-phosptate buffer . O ne ins eminat ion se rie s  was made 20 

minut e s  after semen co llection and t he othe r  after 2L O minutes stor age lf! vitro 

0 
at 1 0  c. The t ime of egg coll e ct ion wa.s e xt ended from th e s e c ond to twelfth 

day in order to ob serve diff ere nces in tte per s iste nce of fertil ity ar ising 

from the d ilut ion and t ime of st or age . Appr oximately 2 mls .  of flu id were 

store d for each treatment . 

Result s .  

Fertility dat a analysed as for a 2
2 

factor ial , are pre se nted in 

Table 1 4A.  Figures represent the percentage of fertile egg s from each of the 

ten pullet replicates from the second t o  s eventh day after i nsemination, with 

egg p roduction at 8�. 
Avera�e fertilit�. �Table 1MJ. 

Time Mean Rate Mean 
20 mi nutes 80. 3% () 74.a{o 

240 " 54-· 7 1 61 . 1  2 
D.01 = 20. 2a{o 



( 1 )  Higher fertility (P < 0. 01 ) was obtained from the fre sh semen than 

that stored for 240 minutes ,  in the f ir st six days after inseminat ion. These 

r e sults are illustrates in the lower graph of Figure 1 1 .  

( 2) No s i gn if ic ant dilut ion rate effe ct , or interaction between the 

main f act or s  was observed. 

Fertil ity dat a  from eggs l ayed on the eighth to twelfth day after 

inseminat ion are pre sented in Tab le 1 4B. 

Aver age fertility (Table 1413) 

Time !.1ean 

20 minutes 54 6d . ;; 

240 " 

Rate 

1 
2 

0 

Mean 

44.8 

( 3 ) Moder at ely h igher fertil ity (P<: 0. 10/ was obtaine d from fre sh 

s eme n than that stored for 24-0 minut e s , in the se cond we ek after ins em inat ion. 

(4)  The effe ct of dilut ion r ate on fert il ity was ins ignif ic Mt , 

howe ver the diJ uted seme n maint ained higher levels than wh ole seme n; an 

interes ting cros s over effect is il 1ustrated in the lower gr aph of :J icure 1 1 .  

( 5 ) An analys is of fertil it y over the total e gg c o l lo c-';; ion re r iod 

conf irmed t he super ior ity of fre sh s emen (P < 0.01 ) , but re veale d no s i gnif i c a.nt 

dilution eff e c t s  or inter actions . 

Daily fert il ity level s aver aged over the ten pullets per treatme nt 

are analysed ,  untransformed, in Table 14C. 

Avera�e dail� f e rtilit� {Table 14C2 

� Mean 

2 86.8% 
3 82.8 
6 78. 3 
5 77·5 
1 68.0 n.o5 

= 39- 9% 
7 64. 3 
8 52. 5 D. 01 = 47· 5 
9 52.0 

1 0  50.8 
1 1  1 6.8  

Fertility recorded on the twelth day wa s  lower (?< 0.01 ) th an  that 

90. 
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obtained on the second to seventh days inclusive after insemination. The trends 

in f ertil ity of the aver aged value s for 0 and t dilutions , are illustr ated in 

the upper graph of F igure 1 1 .  An abrupt decl ine in fertility ob s erved on the 

eleventh day after ins eminat ion,  :is similar to that illustrated f or fre sh semen 

in F igure 1 3. 

EXPERIMEN'l' 1 1  • 

Methods. 

Semen was stored for up to twe ntyfour hours at 1 0°C. with v ar ie d  

dilut ion rate s , to  indicate the effect o n  spermatozoa fert il ising c apac ity. 

Thre e  collect ions wer e made from t wenty NJ cockerels within twentyone 

hours , to have semen available far v3I'yihg le ngths of � vitro stor age , and 

so that all L�seminati o ns could be made at once . S ix  AO pullets repl ic at e s  

per tre atment were inseminated with o. 2 ml . of semen in or der t o  reduce the 

spermat ozoa numb er effe ct on fertil ity. 

The pooled seme n  was split thre eways innne diately after e ach c olle ction 

and o ne sample was diluted 1/2 with Tyr ode solut ion, ano ther dilut ed 1 /1 0 , and 

the third remained as an undiluted control. The periods of stor age were 

three , six and twentyfour hour s , and all · inseminat ions took place at 1 61 0  

hours , with egg collections for fert ility t e st s  from the se cond to e i ghth day. 

Results . 

Data analysed as for a 3
2 

f act or ial are presented in Table 1 5. 

Figur e s  represent the percent age of fertile eggs f rom each of the six pulle t 

replicate s ,  maintaining 74% egg production. 

Average fertility 

Time Mean Dil .  Rate Mean 

3 hours 77-7% 1/2 59. 2% 
6 " 70.1 0 55· 1  

24 " 1 6. 1 1/1 0 49.6 

l!o5 = 1 4. 39% 
D.D1 

= 1 8. 28 
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(1 ) Fertility from semen stored six or le s s  hour s , was higher (P (0.01 ) 

than that from s emen stored twentyfour hours. 

( 2 )  There were no significant effects of dilution rate , although the 

influence s of dilution on s emen held twentyf our hours in vitro are illustrate d  

in the upper gr aph of Figure 1 o. 

(3 )  High fertil ity with fre s h  semen was obtained with a 1/1 0  dilut ion 

and o. � ml. ins eminat io ns . 

(4) There was no significant inter action be twe en time of st orc,t:;e and 

dilut ion rate ; a 1/2 dilut ion was re lat ively more suc c e s sful than undilu ted 

semen for extended per iods of s torage. 

EXPERH!ENT 1 2 . 

Metho d s . --

Temperat�e and d ilution effe cts on the :t'ert il is ing cap ac ity of' 

stored seme n were examined. 

Semen was coll e cted from the same twenty Leghor n c o ckerel s  for b oth 

per iod s of s tor age , poole d , dilut ed , and lat er u s e d  to insem inate s ix  WC 

pulle t replic ates per tre atment with 0. 1 ml . dos e s. 

One b atch of s amples was stor e d  at 1 0° c. in the usual manner and the 

0 
other he ld at 2 c .  in a refr iger ator ; the latter sam�l es were transferred to 

0 
the 1 0  C,. coolroom thirty minute s  pr ior to insem inat ion. Two other factor s 

were te sted : storage , for four and twentyfour hours ; and the e:t'fect of' 

1/2 dilution with pasteurised whole m ilk compare d to an undilut ed control 

dur ing storage . Appr oximately 1 .  5 ml .  of' whole semen was al loc ate d  to each 

tre atment , and the control batches were diluted 1/2 with milk kept ut the same 

temperature , just prior to insemination. 

Result s .  

Data analysed :Cor a 23 :t' actar ial ar e  presented in Table 1 6. 

F igure s represent the per centage of' fertile e ggs from e ach of the s ix  pullet 

replicate s ,  maintaining 7q% e� production. 



Average f ertility. 

Time Mean TemEer ature Mean 

4 hour s 42. 3% 
0 1 0  c.  40. 3 

21 hour s 7. 0 2° C. 9.0 
D . 01 = 1 6. 56% 

( 1 )  Higher fertility (P ( 0. 01 ) was obt aine d from s emen s tored 

fo'..li' hour s . 

( 2 ) Higher fertility (P .( 0. 01 ) was ob taine d from semen s tore d at 

( 3 )  There was an ins ignif icant effe ct fro� dilut ion rate but the re-

lative advant age s of dilution at lo;-1 temper atures , within f our hours of 

s tor age , are illustr ated in the l ower graph of Figure 1 0 .  

Average fertility; 2-factor interaction 
T ime-Temperature 

4 hour s 1 0 ° c. 
4 " 2° C. 

21 " 1 0° C. 
21 " 0 2 c. 

n o�  . , 
n. o1 = 28. 67 

Mea.'1 

66. 6% 
1 7. 9 
1 4. 0  
0 

(4)  A significant two-f ac t O!"  inter action indicat e d that s emen 

stor age at 2° C. was unsucce s sful compared t o  1 0° C. , and that no fert il ity was 

obt ained after twe ntyone hours at 2° C. 0 
Semen stored at 1 0  c. for four hour s 

produced h igher fertility (P < 0.01 ) than any other b at che s .  

EXPERDiENT 13. 

Methods. 

A comparison was conducted of the f ertil is ing capacity of semen 

stored f or twentyfour hour s with four diluents . 

Unfortunately the s eme n colle cted from twenty AO cockerels was 

inadequate and had to be poole d and mixed with semen f rom t en WC cockerel s .  

Seven WC pullet replicate s per tr e atment were inseminate d with 0. 1 ml. do se s .  



The pullets wer e  maintaining 78% egg production. 

The four diluent s app�ie d were : a sodium-pho sphate buffer ;  buffer 

plus the antib iotic s ,  90 pg oxytetracycl ine hydrochloride and 90 pg strepto-

mycin sulphate , per ml . ;  pasteur ised whole milk; and Tyro de solut ion. The 

inorganic diluent s are described in Appendix B .  Al l  the b at ches were diluted 

1/2 and held in vitro at 1 0° C. for twentyfour hour s .  

Re sult s .  

Data reported as a s ingle c lass if ication analys is of variance 

are pre se nte d  in Table 1 7. Figur e s  represent the percentage of fert ile eggs 

fro:n e ach of the seven pulle t repl ic at e s , from the second to e ighth day after 

insem ination. 

Average fert il ity. 

Diluent Mean 

Buffer 60.8;b D
. os 

= 31 . 2% 
Buffer + ab io ts 46.0 D . o1 

= 39 . 3 
Milk 20. 1 
Tyr ode 3.8 

( 1 )  The buffe r c1 iluent13 producec h:.gher fertil ity ( P  ( 0.01 ) than 

Tyrode so2.ut :..o n. 

( 2 ,  Buf'fer without a.ntil: iotic3 was the most suc c e s sful dilue nt , pro -

duc ing higher f ertil ity than wit h  T;yrode solu�ion (P < 0. 01 ) , milk (P < 0.05 ) , 
or the pre sence of antib iot ics 

(3 )  Milk was a more succes sful storage dilue nt than Tyrode solution. 

(4) An actual 69% fert il ity was obtained from the use of the sodium-

0 
phosphate buffer with semen stored in v itro for twentyfour hour s at 1 0  c. 

EXPERIMENT 14. 
Method:s. 

94. 

The effects of two diluent s  at varied dilut ion r ates were asse s sed 

by the fertilising potent ial of semen stored far twentyt;our hours . 

Semen was collected from twenty WC co ckerels , pooled and split for 



95. 
st orage providing 1 . 0  ml . of undilut ed seme n per treatme nt. Fifteen WC 

pullet replicate s ,  .at 64% e gg produ ction , wer e inseminated wit h 0. 1 ml. do ses. 

The two dilue nts , so d ium-phosphate buffer and pa steur ise d  whole milk 

were applied at 1/2 and 1 /4 dilut ion withir_ f orty m inut e s  of s eme n colle ct ion , 

and the pre parat ions were stored at 1 0
°

C. 

Result s . 

Data analysed as for a 22 factor ial are pr es ent ed in Table 1 8 .  

F igur e s repr e s e nt the percent at;e of fer t ile e gg s  layed by the fifteen pulle t  

replicat e s  fr om the second t o  e ighth day aft er inseminat ion. 

rat e . 

Aver age fert il ity 

Dilt:.ent Me an D il .  Rate Mean 

Buffer 1 4  .• of{. 1 14,. 7% 2 
t:illc 6.8 i 6 .2  4 

( 1 )  A highe r  fertil ity ( ITSD ) was obtained from the buffer dilue nt . 

(2  )A h igher fert il ity (:TSD ) vms obt ained at the 1/Z d ilution r ate. 

(3) Ther e was ne gligib le interaction betvte en the diluent and d iJ.ution 

(L,. ) Th is exper iment was co ndu ct ed dur :l.ng e ar ly summe r v.he n  b o th semen 

voluoe s and e gg produc tion were de cl ini.ng. 

EXPERDf.EI·;-T 1 5. 
Metho ds . 

This exper iment vras conc er ne d  wit h t e sting the benefic ial effects 

of adding a met abolisable substrata to st or e d  semen just pr ior to insemination. 

Seme n c ollected from sixteen WC co ckerels was poole d ,  d i1i:ided f or  stor-

age and diluted t o  f inal volume s of 4. 0 ml. F ifteen WC pullet re pl ic at e s  at 

76% e gg product io n ,  wer e inseminated with 0. 1 ml. do s e s .  

The main tre atment effect was t h e  addition of fructose solution a t  a 

final concent ration of 2 . 5  mg./ml . to the seme n mixture just prior to 

inseminat ion. One b atch of semen was diluted 1/2 and the other 1/4 with 

sod ium-phosphate buffer and after twentyfour hours storage at 1 0° C. the former 
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was spl it 1 with fruct ose added to one half and the other s erving a s  a control .  

The fructose which was al so added to the 1 /l�  diluted batch1 was prepared in a SO 

�g./ml . H20 stock solut ion and maintained at 1 0° C. The e gg c ollection per iod 

was e xtended from the second to twe lfth day after insem ination1 to a s se s s  the 
of 

effe cts on the F er s is t ence /semen fertilis ing capac ity . 

Re sult s . 

Fertility d at a  tre ated as a single c lassif ication analys is of 

variance are pr esent e d  in T able 21A. F igure s re pre sent the per cent age of 

fert ile e ggs produc e d  by fifteen pullet replicat e s  on the s e cond to tv;e1ftt. day 

after inseninat ion. 

Aver age fert il ity (Table 21A) 
Tre atr..ent Me an 

� Duffer + fru ctose 41 .4;r 
-�- Buffer 37. 6 
1 Bui'fer + fructose 32. 8 .... 

( 1 )  No s ignificant dilut ion effe cts wer e ob ::;erved from t�1c fer t il ity 

of e ggs coll e cted e ver the t otal e leven d ays. 

Fert ility dat a obt aine d from eggs layed dur ing the s eventr. to twelft:r. 

days after ins em inat ion are pre se nted in T able 21B . 

Aver age fert ility (Table 21B ). 

Tre9tment Mean 

i Buffer + fruct ose 

* Buffer + fructo se 

� Buffer 

( 2 )  In this perio d  higher fert ility (NBD) was obtained fr om t he 

tre atment s with fructo s e .  The crossover effect o f  the two lower treatme nt s  is 

illustrat e d  in Figure 1 3. 

F ert ility · data obtained f r om  eggs layed during the sixth to tenth 

days after insem ination are pre serrted in T able 21 D. 



Average fertility (Table 21 D). 

Treatment 

� Buffer + fructose 

� Buffer 

* Bufrer + fructo se 

Mean 

38.7% 
25. 1 

24.4 

(3 )  A moderately higher fertility (P ( 0. 1 0) was obtained b y  the 1/2 

bui'rer plus fructo se treatment , in the se cond week after insemination; this 

super iority is illustrated in Figure 1 3. 

97. 

The per c entage fert il ity obtained over the ele ven days after insemina-

tion is pre sented in Table 21 c. A significant treatment effect WQS obtained 

witL th e untr an sfcrmed data. 

Average daily fertil ity (Table 21 C). 

Day Mean 

1 76. c:Jf, 
3 69. 0 
2 66. 0 

4 65. 0 

5 52.7 
6 37·7  
7 37. 0 
8 1 9. 0 

9 6. 7 
1 0 5. 3 
1 1  5 · 3 

D. 05 
D. 01 

= 27.85% 
= 33-79 

(4) A significant decline in fertility occurred during the first 

week after insemination. Fertil ity from the second to fifth day was higher 

(P ( 0.01 ) than that obtained from the ninth day after insemination, or during 

the seventh and eighth days (P ( 0.05 ) .  

(5)  One storage effect was the more rapid decl ine in fertility than 

was observed with fre sh seme n ;  comparable results ar e  illustrated in F igur e 1 3. 

(6 ) The fructose effect appeared most obvious from t he fourth to 

ninth dey after insemination when the sharpe st declines in fertility occurred. 
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EXPERIMENT 1 6. 

Methods. 

The effects of abundant cloacal transudate on undiluted semen,  

were assessed by the fertilis ing capac ity of semen stored several hour s at 1 0°C. 

Ten AO cockerels were spe cially selected for the ir tendency to re-

lease a high or low proportion of cloacaJ_ transudate during artif icial semen 

colle ction. This trait was particularly constant once the cockerels were 

accustomed to handling for collection and the flow of transudate was obtained 

without conscious modif ication of t he technique or extra stimulation. Fifteen 

AO pullet replicate s at 57% egg production, were inseminated with 0. 05 ml. doses • 

.A;f'ter a pr eliminary collection , semen was obtained from the two 

gro�ps of five cockerels ; 1 .65 ml. from the ' low ' transudate group and 5. 1 0 ml .  

from the ' high ' tr ansudate group. When each batch had been thoroughly mixed, 
0 samples of appr oximately 1 . 5 ml .  ;vere withdravm for storaGe at 1 0  c. , and 

inseminated unchanged 6{ hour s  later. 

Re sult s . 

Fertility data tre ated as a single clas sif icat ion  analysis of 

vcriance are presented in Table 1 9. Figures represent the pcr ccnt ace of fert ile 

eggs obtained from fifteen pullet replic ates on the second to e ighth d:;;.y after 

insemination. 

Average fertility. 
Treatment 
High transudate 

Low transudate 

Mean 

42. 6% 
35·7 

( 1 )  The concentration of cloacal transudate during stor age had no 

significant effect on seme n fertilis ing capac ity. 

(2 )  Ther e were no s ignificant changes in the percent age of dead 

spermatozoa of either seme n batch after seve n  hour s  storage. 

EXPERIMENT 17 • 

Methods. 

The fert ilising capacities of fre sh and stored semen were 
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compared with ej aculates collected from cockerels and yearling cocks . 

Five WC cockerels agec seven months and five WC ye arling cocks  aged 

nineteen months were use d  to obtain normal ej aculates after a preliminexy sett-

ling period. Each batch of ej aculates  was pooled , diluted 1/2 buffer f or storage 

and ten WC pullet replic ate s at 74� egg production, were inseminated with 0. 05 

ml. doses . 

The semen obt ained from ye arl ing cocks was r elat ively dilute ; 1 .  76 
Q 0 

x 1 0-' spern,atozca per ml . , comporec to the cockerel concentration of 3. 76 x 1 0-' 

spermat ozoa per ml . ,  and this mcy have caused a variation in fert i l ity from the 

number and concentre,tion of spermat oz o a  inseminated. Approx�atcly 1 . 0 ml. of 
each batch was stored at 1 0° c. , with the f ir st inseminat ions 2-� hour s after 

collection and the se cor..d 22 hourg after insemination. 

Re sul ts . 

Fertility d�t a analyse d  as a 22 
f actor ial ar e pr e s e nt e d  in Table 

31 . Figure s  represent the percentage fert ile eggs obtaine d from t e n  pulle t 

replicdcs  on t he se cond to e i ghth dcy after insemination. 

Avera.ge fertility 

Storat;le l'e an Male s Me an 

2i hours 

22 " 

65. 1% 

1 1 . 0  

Cockerel 

Cock 

(1 ) Higher fertility (P < o. 01 ) was obt ained from semen stored � 
hours than semen stored 22 hours 1£ vitro. 

( 2 )  Higher fertility (P( 0.01 ) was obtained using cockerel s emen. 

Average fertility; 2-factor interaction 

Storage - Male s Mean 

2� hour s Cockerel 82. 3% 
" 

22 " 
" " 

Cock 

Cockerel 

Cock 
n. o5 = 

���-:�::I u. ·::.:. SlT'( 
I O A .>V 

47.8  
1 6. 3  

5·7 



(3) A s ignificant interact ion (P( 0. 05 ) between storage 

t ime and age of male was obtained. 

3•7 Discus sion. 

Exper iment al re sults are split into thre e cate gor ie s : fir stly time 

and temper ature influence s  on in � semen s t or a�e ; secondly, dilut ion for 

storage ; and f inally the appar e nt relat ionship betwe en gamete quality and 

fert il ity. 

Se ver al experiment s verified the de cl ir£ in fert il is ing c apacity of 

stored s emen. Horever the c ausative f actor re spons ible f or the decl ine was 

1 00. 

not re s olve d ;  whe ther it o c curred from a significant proportion of de ad s perm-

atoz c a , or reflected gener al spermat oz oa se ne scence and redu ce viab il ity .!!:! 
utero . 

Dilution rate and di..luent tr ials wer e more pre c ise as they vrere 

assoc iat e d  v1ith c omprehens ive insemin�::.t io n  tests which are reported in Chapter 

�-• The overall co nclu s ions were that lo·w dilut ion with a so diurr.-ph c sphate 

buffer diluent , provided an e nv iror�cnt b enef ic ial to spermatozoa int e grity 

0 
in v itro at 1 0  c. A longer durat ion of f ertil ity was obt ained from a dding 

fructo s e  to stored s eme n just pr ior to inseminat ion , but no s icnif ic�t benefit 

was gaine d from u sing antib io t ic s  wit h serren in vitr o. 

The associat ion betwe en gamete qual ity and fertil ity was der ived by 

comparing the stor ing qual itie s of semen , at t ime s when the male semen 

c haracter ist ic s and f emale e gg production var ied. 

Time of Stor age. 

The length of s emen storage i£ vitro was demonstrated to influence 

sub se que nt fertilising capacity, and to be modif ied by dilution, storage 
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temperature and gamete qual ity. 

In consider ing the s ignificant time effe ct s obtained in sever al 

experiment s ,  it is cle ar that large variat ions arose from the modifying factors .  

In Expt .  9 ,  negl igible differences in fertil ity were obt ained with hourly 

ins eminat ions from thirty minute s  to up to  seven hour s - in fact there was no 

indicat ion of a det er ior ation of semen in t his time ; yet a highly s ignific ant 

fall in fertility after four hours in vitro was re corded in Expt . 1 0. Highly 

significant drops in fert ility were obtaine d  between six and twentyfour hours 

in vitro in Expt . 1 1 ,  and four and twentyone hours , in Expt . 1 2. The re sult s 

from Expt . 1 1  are illustrated in the upper graph , and Expt . 1 2  in the lower 

graph , of Figure 1 0. Egg colle ction in Expt . 1 0 was extended to tbo tv:elfth day 

aft er insemination and fert ility in the first six and last five days is 

illustr nted in the l ower t7'aph of F igure 1 1 .  In co nclu s ion, the fertilising 

0 
capacity of spermat oz oa held at 1 0  c. , s ignificantly decline d  some time between 

four and tvre rrtyone hour s of stor age lE, vitr o . Cons ider ing that many trials 

were conducted with high spermatoz oa co nc entr ations , the decl ine in fertility 

c ould be attribut e d  to a widespre ad sene scence of spermat oz oa. This opinion 

is r e inforced by the r e sults from Expt . 1 5  illustrated in the lower graph of 

Figure 1 3 , where the sharp decline in fertility o ccurre d about five days earlier 

than that re corded for fresh serre n in the upper graph. Although 80}b f ert il ity 

was obtained in the first few days aft er insemination with stored semen, the 

rapid decline sugge sted a reduc ed ability of the sp�rmatozoa to survive or t o  

ret ain tre ir fert ilising cap acity, J.:!! utero.  

The modifying factors are cons idere d br iefly at this stage by reference 

to examples of the ir effects .  

Dilution was shown to affect fertility, although ins ignif ic antly, in 

Expts. 1 o, 1 1  and 1 2, which are illustrated in Figures 1 0  and 1 1 .  The upper 

graph of Figure 1 0  showed that the minor dilution effect s in up to six hours 

storage , bec ame important after twe rrtyfour hour s . A striking e ffe ct of dilution 
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on the per s istence of fertil ity from semen s t ored 240 minute s  was illustrated 

in F igure 1 1 ,  in the cros s over of 0 and � d ilut ion during the f ir st and 

second weeks after inseminat ion. Highly s i gnificant differ e nc e s  bet ween 

diluent s vrere obt aine d in Expt . 1 3. 

The inf lu ence of gamete qual ity on s toring potent ial was derived f'rom 

comparine the rele vant re sult s o f  Sxpt s . 1 3 , 1 4  and 1 5. .Hl incl:J.de d a 1/2 

0 
sodium-phosphate buffer tre atment of s emen st ored for twentyfour hour s at 1 0 c. , 

and an 0. 1 ml .  insem inat ion do s e . Exper :iment s 1 3 and 1 5 in the wint er , pro-

du ced 69;?: and 54% fertility re spe ctively, with 78�0 and 76% e gg produc tion 

fron t he pullets us e d. However only 20;:; fertil ity was ob t ained f r om Expt . 

14  dur ing the summer , with 64% e gg pr oduc t io n  from the pullet s . 

The super ior ity of 1 0° C. for seme n stor age E! vitro compared to 2° C. , 

was hishly signif ic ant within four hour s f'rom co llection. The poor re sult s 

0 
at 2 c. wer e surpr i s ingly low c ompared t o  v alue s  reported in the lit er ature and 

implied that milk d ilut ion was part ly r e spons ib le . L arenz ( 1 964) , c oncluded 

that 1 to 2° C. approxL�at ed the opt L�um temper atur e for s tor age of dilut e d  

semen , and 1 0  t o  1 5° c .  for u ndiluted s eme n ;  and the lower gr aph of Figure 

1 0  confirmed his v ie ws . However t he super ior ity of undilut e d  semen after 

tHentyone hour s storage at 1 0° C. contrasted with the resu lts f rom 3xpt . 1 1  

shown in the upper gr-aph. Pos s ib ly the differe nce s are r e s olved by the 

chansine relat ionship between dilut ion and the per sistence of fert ility , ill-

ustrated in.. Figure 1 1 .  



Dilution f or St or age. 

This se ction is discu s sed from four aspects : fir stly the effects 

of' dilution compared t o  unmodified semen; secondly the rat e  of dilut ion ;  

1 03. 

thirdly the dilue nt s studied ; and f inally a brief dis cus sion of spe cial treat-

ments imposed on stored semen. 

Fr om Expt . 1 0 ; dilut ion vrn.s shown to increase the per sis tenc e  of 

fert ility , part icul arly when the semen had been he ld in vitro for four hour s .  

In the se cond to seve nth days after ins eminat ion, undiluted seme n  pr o v e d  

superior b y  approximately 1 2;� higher fertility, however the r esults indicated a 

de laye d dilut i on effe ct dur ihg the e ighth to twe lfth days follo,·rlng insemin-

at ion. In this per io d the dil·.1t i o n  effect mus t  have oc curr ed v:ith i:1 o.s l ittle 

as twanty minut e s  stor age in �' as both treatments produced 62. � fert i l it y ;  

however as Fieure 1 1  illustrates , the d iluted semen he ld four hour s � vitro 

de cre ased by obly 6�� fert il ity Tihore as the undiluted semen decre ased by 31/Je 

The se result s are also illustr at e d  in the upper graph of Fieure 1 1 ,  b ut 

unfor tunately the value s are aver aged for the two times of s tor ace and do not 

feature the advant ages of dilut ion on the persist ence of fertility in the four 

hour tre atme nt . 

From Expt 1 1 ,  dilut ion with Tyrode solut ion had negl igible effe ct s for 

the f ir st s ix hours of storage 1.::! vitro,  but c aused some divergence after 

twentyfour hour s .  However the contrary results from Expt . 1 2 , whe re milk was 

use d ,  quer ied the significanc e of e ither. The advant ages of dilution f or 2° c. 

storage appear to be s ignificant from Expt . 1 2  and report s in the l iteratur e .  

A rather novel dilution of approximately 1/3 with clo acal transudate , 

was obt ained in Bxpt . 1 6. Similar level s of fertility were obt ained from 

high and low transudate sample s ,  which invalidate either a dilut ion effe ct 

occurring a.f'ter six hour s of' s tor age , or a detr :imental effect from the transudate 

0 
at 1 0  c. 

Obviously the effects arising from dilution rate are propor-t ional to 



the original spermatozoa concentration and the insemination dose.  From Expt. 

1 1 1 which is illustrated in the upper gr-aph of Figure 1 0, a 1/1 0  dilution was 

not significantly inferior to a 1 /2 dilution at any s tage although the fertility 

levels diverged after twentyfour hours storage . However in Expt 1L 1. ,  markedly 

different fertility levels were obtained with rates varying as lit t le as 1/2 to  

1/4. The variations were insignificant due t o  low absolute value s , but the 

more sophisticated exper imental de sign of Expt. 1 4, to gether with similar re­

sults pre sented in Chapter 4, imply that the r ate of semen dilution influence s 

the fertiliSing potent ial of fresh and stored semen. 

Three diluents were tested at low dilution rates , f or  the :ir ability 

to maintain the integrity of stored spermatozo a. Fr om  Expt . 1 4, the sodium­

pho sphate buffer with an average 1 65:; fertility was clearly super ior t o  milk at 

6f'o. The larger difference s at 1 /4 dilution, sugge sted that the buffer was 

relatively more suc ce s sful because the influence of a diluent would increase 

with it s concentratio n  in a sample . Similar signific ant variations oc curred 

in Expt . 1 3. A most succes sful 6�,b fertility was obtained from semen diluted 

1/2 in buffer and held in vitro for twe.ntyfour hour s ,  and this was signif icantly 

higher than the fertility obtained with milk or Tyrode dilution. Fertility with 

milk dilution,  at 20/o, was markedly higher than :;fo for Tyrode solution in this 

experiment , but can not be validly compared in Expts . 1 1  and 1 ·2. . The s e  re sults 

coincide with the theories and conclusions expre ssed by several authors in 

the review. The general appr oach for semen storage diluents is changing from 

a simulation of seminal plasma, to criteria of buffering capacity and opt imum 

ionic balances. Whole milk and Tyrode solut ion were inade quate for these 

reasons . El Zayat and Van Tienhoven ( 1 959 ) showed that the buffer had an 

initial �ampeni.ng effect on spermatozoa re spiration and fructolys is compared 

to Tyrode solution, and indic ated that spermatozoa exhausted � vitro 

were, inferior in utero. Once again however , the problem of whether reduced 
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fertility was caused by a significant reduction of functional spermatozo a, or 

a gener al senescence , was unre solved. 

From Expt. 1 6, the cloacal transudate which could be cons idered as a 

diluent , produced no significant changes in fertilising capacity after six hour s 
0 storage at 1 0  C. This  confl icted with Lake ' s  ( 1 956 ) report where he observed 

a decline in fertilis ing capac ity after only twenty minute s , of semen plus 

cloacal fluid at 21 ° C. 

Two special tre atment s reported by Wilcox and his colle ague s , wer e 
0 compared with the simple dilution and storage at 1 0  C. method. Both involved 

the use of the sodium-phosphate buffer : 

1 6 . 34  g Na2nro4 + 5. 1 6  g NaH2ro4 • H20 per litre H2o, 

which was first applied in the :ir laboratory, and are reported by Wilcox and 

Shaffner ( 1 958 ) . 

The fir st experiment obtained negative re sults and was not r eported 

in Section 3.6 . In one tre atme nt fresh semen was diluted 1/1 1 in bJffcr 

solut ion plus :. 

90 pg oxytetr acycline hydrochloride + 90 pg streptomyc in sulphate 

. llil •t  f t ntyf h t t 1 0
°

C. per m1 1 re , or we. our ours s orage a Ju st prior to insem-

ination the mixture was centrifuged at 1 200 RPM for ten minutes and re suspended 

in fresh buffer to the original undiluted volume . In the second treatme nt , 

the fresh semen was centrifuged at 1 200 RFM for 1 0  minutes and re suspended in 

buffer plus antibiotics to  the original undiluted volume , remaining this way 

for insemination. The b lame for infertil ity was tentatively attributed to 

the antibiotic preparations , as the buffer diluent and centrifuging pro cedure 

were vindicated in later trials. 

In Expt . 1 5 , the fructose treatment was tested without the centr i­

fuging and dilut ion pro cedure s described by Wilcox and Shaffner (1 958 ). All 

the fertility levels were extremely high for semen stored twentyfour hour s. 

Two important results are illustrated in Figure 1 3 :  fir stly that the fructose 



effect was to p:tcil.gng the persistance of fertility; and s e condly, the reduc e d  

fert ility attr ibut ab le to extra d ilution in spite of double the fru ctos e c o ncen­

tration per sp ermatozoa. This sugge st s that the stor ed spermatozoa ar e  

re sponsive t o  extracellular nutr ient whe n depo sited in the female genital tract , 

and that they re main in c ont act with the diluent long enough t o  ut ilise some of 

the fru ct ose . 

From the exper ime nt s  and review, the maintainence of spermat ozoa 

resour c e s  by a depr e s s ion of act i vity in vitro , ap parent ly e nable s  the sp erm­

at oz oa to persist � utero or t o  re ach the glands which are thought to harb our 

them. 

Gamet e  Quality. 

Although there is no stat ist ic al verification the s eme n s tor age 

exper iment s sugge st an assoc iation of gamete quality and fer t ility. Female 

e gg production and male spermat ogene s is are used as criter ia of gamete qual ity ; 

both f act ors obviously aff e ct e d  by the se asonal and aging effe cts dis cu s se d  in 

Chapt er 2. Fert il ity was as s essed from the f ertilis ing pote nt ial of s emen after 

stor age in vitr o .  

During the winter months , whe n egg product io n  was high , fertility 

from stored s emen was high. For example : in Expt . 9 ,  no decl ine in f ert ility 

was ob s erved during six hour s stor age ; in Expt . 1 0, appr- oximate ly 63% f ertil ij;y 

was obt ained after four hours storage ; in Ex:pt . 1 1  , 70% after s ix hours 

st or age ; in Ex:pt . 1 3 ,  69% af'ter twe ntyfour hours st or age ; and in Ex:pt . 1 5 , 

54% after twentyfour hour s .  Although there were a few exceptions like Ex:pt . 

1 1  where Tyrode dilue nt was used; the succ e s s  of stor age with sodium-phosphate 

buff er s eemed to be r elated t o  e gg production and pos sibly semen quality as 

indicated by volume and spermatozoa conc entration. 



In contrast , only 41 % fertility was obtained f'rom semen stor e d  six 

hours in Expt. 1 6 ,  whe n egg pr"oduct ion had fallen to 57%; and in Expt. 1 4 ,  

2afo fert ility was obt ained af'ter twentyf'our hours with 64% e gg  production. 

In Expt. 1 7  significantly higher fertil ity was obtained f'rom fre sh and stored 

cockerel s emen, than s emen from ye arling cocks . The difference was ac centuat-

ed by storage , where 1 6% fertility from cockerel semen was markedly higher than 

4% from the older male s .  This experiment was conducted at a ti.me of high e gg 

production from the pullets , therefore male semen quality has b ee n  implic ated. 

In spite of the relatively low spermatoz oa concentration of cock s emen and the 

interaction between male s and storage time , spermat ozoa from the aged male s 

were functionally inferior within three hour s storage in vitro. Unfortunately 

the laboratory evaluations of seme n were inadequate to show which aspe ct of 

semen quality was associated with the decl ine in fertilis ing abil ity ; in fact 

this sumQar is es the main problem of semen storage , and it is unlD�ely that 

any important pr'Ogress will be made until it is re solved. 



C H  A P T  E R  4• 

Artificial Insemination and Fer t ility. 

A. Review. 

Inseminat ion is the f inal phase of an art ific ial breeding s cheme , 

concerned with the pre p ar at ion of spermat o z oa for optimu� fert il ity and an 

inseminat ion to s imulate natur al mat ing. 

1 08 . 

Thi s  review of l iterature, is l imited to the pr eparation of fre sh semen 

and a few inseminat ion te chnique s employed under unusuel c ondit ions wh ich have 

not alre ady been described in pre vious chapter s . As vre lJ , refer e nc e  is made 

to three aspe cts of fert ility vm ich have not been cons idered in the eocper iment al 

work yet complerr.ent a dis cus s ion of the r e sult s .  They are : l aboratory 

predic tions of fert il ity frcm test s of seme n in �; spermatozoa in the 

f elliale ; and the ferr.ale ccntr ibut ion to fert il ity. 

Unfcrtunately fertil ity is r eported , often vaguely 1 in several diff­

erent ways by groups of worker s and this somet ime s pre c lude s a sensible compar­

ison of re sults . None of the methods are completely fre e  of s ignificant 

influe nce s , part icularly the vari at ion in egg produ ction. }. . ..s Lorenz ( 1 964-) 

pointed out , the influe nces althou gh unco ntrol l able are r e as onabl e 1 as bas ic ally 

fertility is the probab ility th at fertilised ova will be pr oduc e d ;  thus 

involving the gamut of probab il it ie s fr om semen production to a suc c e s sful mating 

and ovulat ion. In th is the s is fertil ity is l imited to the pr obability that 

embryonic development will be det ected in sl ightly incubat e d  egcs , after a 

particular semen ins emination. As percentage s are c omputed for individual 

pullet s  and averaged over all replications , this method avo ids some b iases of 

uneven e gg pr oduct ion between replicates. Fertil ity e stimated by the duration 

of f ertile egg JI" Oduc t ion also avo ids some ob jections , but is potent ially more 

labor ious in that eggs must be collected and t e sted until it is reasonably 

certain that pull e t s  are infertil e .  .After initial experiment s i t  was pract ical 
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to l imit the per iod of e gg colle ction yet ob serve the durat ion of fertility , 

as e ach e gg was ide nt ified to the day after inseminat ion as well as the pul let. 

4. 1 Artific ial Inseminat ion. 

Prepar at ion of semen. 

Macroenvironment al influe nce s  pertaining t o  s tore d  s emen have been 

dis cus sed in Se ction 3.4, and apply equally to fr esh semen. Howe ver fowl 

serr.e n has proved relat ively easy to retain in vitro for one or two hour s in 

clean apparatu s , without the pre c autions r e qu ired for storage. Possibly 

temper ature shock has small curr.ulative effects on spermat oz o a  inte gr ity , but 

worker s almo st unanimously emphas ise the t emperature tolerance of fowl 

spermatozoa compared to dome stic mammal s . Wale s  and Whit e  ( 1 959 ) sugge sted tbe 

prop erty may be r elated to the relatively high temper �ture of sp �ato z o a  in the 

fowl. A holding temp erature of 1 0° C. t o  1 5° C. appe are d  t o  b e  the optimum for 

fowl semen , once the s run1)1e had be e n  allowed to co ol natur ally after e j aculat ion 

(.A.llen 1 957 ,  Wale s and '.'ihitc 1 959 , Bajpai and Brown 1 964, and Pr oud:fo ot and 
Ste wart 1 967 ) • S chindler and. :rur-.v itz ( 1 966 ) re cor de d th ·, :  spermat oz oa ke p t  at 

39° C. £!:! � were no n-motile withi..'1 four hour s and within twentyfour hour s at 

1 8° c. , and noted a higher mni..'1t -enance 'Jf motil ity of sperm at o z oa r e c over ed from 

the ov iduct � �� which were sub je ct to s i.rnilar temperatures.  

D ilut ion is an important step i n  the preparat ion of senen for 

inseminat ion and perhaps the most c o ntrover sial . The de c is ion of whether and 

how t o  dilute semen is dependent on the ob ject ive of inseminat ion :  the 

de s ired ratio of progeny to one parent ; the freque ncy of insemination; and 

dur at ion of fer tility e xpe ct ed. A lthough dilut ion is a usefUl method of 

extending fresh seiOO n, mos t  worker s  c ons ider that spermato z oa integrity is 

affe cted by the me chanic al damage in mixing , the intr oduction of t oxic sub stanc e s , 

the dilut ion of plasma nutr it ive or pr ot e ct ive sub stances , or met abolic 

change s  ar ising from a de crease in spermatozoa density. The sever ity of the se 



influences would seem to be dependent on the time that semen is retained ,!!! 

vitro or associated with the diluent in utero . 

Character ist ics of Tyrode solution, c arbonated and plasma-lL"k:e 

diluents , milk and a sodium-pho sphate buffer , together with se veral ions and 

addit ive s for dilution, have b e e n  r eported in Sect ion 3.3. I n  ge neral the 

pr efer e nce of diluents for se-nen s t or age has centred on buf'fer e d  so l-..1t ions with 

gre :1t er control over gas exchange and sper::1s.t ozoa activ ity , and away from 

imitat ions of seminal plasm:1. Many ch oice s of dil'.le nt for an imnediate 

insemination are proposed in the l iteratur e : Ringer 1 s solution by Bonnie r and 

Trulsson ( 1 939) ; glycine dil'.lent s and seminal plasma by J.orre l J  and Cooper 

( 1 957 ) ;  Tyrode s o l,.1t i:: m  by Alle n  and Skaller ( 1 958 ; Ku shner e t  � ( 1 966 ) and 

Van Tie nhoven ( 1 958 ) ;  and s o d ium-phosphate buffer by '.'Tilcox ( 1 958 ) .  This 

sugge s t s  that the pre cis e cont e nt of many dilue nt s doe s  :1ot s igni-"icantly affe ct 

t!J.e f ertilising pot e nt i.:Q of fi• e sh seme n. 

The e xt e nt of dil�1t ion is u sually dependent o n  the demand. for se r.Jen , 

with a c ompro.-ni.s e  b et we en the pr:.1ct ic al limit of a min:imur.1 vol�me for handling 

j"1 0 

and de creased fertility froa high d ilut ions . Ther e is consider able dis agre ement 

in the l it erature o ver the opt :i.:m.un rate of dilution , wh ic:h pr ob ably refl e ct s  the 

method s  of descrio ing fertil ity. 13onnier and Trulsson ( 1 939)  obJc ained no 

significant change s in fcrti.lity with who"l.l� seme n  or a ten-fold dilution and 

0. 05 ml . inseminat ions ; Uunro (1 938 c)  suggested that extremely high dilution 

rat e s  were satisfactory pro viding a threshold of one hundred million 

spennatozoa per ins emination was achieved;  Weakley and Shaffner ( 1 952 ) considered 

that dilution up to 1/1 1  with foWl semen serum did not reduce fertility ; and 

more recently Taneja and Gowe ( 1 961 b ) reported that dilution up to 1/1 1 

increased the duration of fertility obtainad from inseminations of less than 

0.01 ml. volume . However the majority of recent reports endorse the advantages 

of low dilution rates up to approximately 1/4, coupled with low insemination 

doses if nece ssary (Alien 11957 , Rowell ani Cooper 1 957 and 1 960, Wilcox 1 958 , 

and Saeki 1 964).  
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Insemination dose is inversely pr oportional to the rate o� dilution 

where the spermat ozoa number is limited. Once again there is considerable 

variation between report s for the preferred numb er of spermatozoa required to 

produce high fertility. The re commended m inimum spermatoz oa numb er for one 

insemination has ste adily de cre ased over the years from one hundre d  m il l ion 

( .. 1unro 1 938 c )  to s ixtytwo million (Van Duijn 1 964 cited by Lake 1 967 ) ;  and as 

the co unting and insemi.'1atine te chniques i:nprove the nwnber would be e xpe cted 

to continue falling. Some extremely small s emen dose s have pr oduced moderate 

fe!'tility; Tane ja and Gowe ( 1 960 )  inseminated an e stimated 1 . 1 2  million 

spermatozoa in 0. 0002 ml. of undiluted semen and ob t ained fer tile e ggs for an 

aver age 2.3  days , and 8. 0 days r1ith 0. 001 ml. ,  and only slight incre ases in the 

duration of fertility with more than 0. 01 ml . or fiftys:ix million spermatoz oa. 

Saeki ( 1 364 ) obt ained 2o;s fertility over seve n  days witl a 0. 001 25 ml . do se 

of •.mdil·.1ted pooled s emen , and ma.'<imu.rn fert il ity with a 0.02 ml. dose ; he not e d  

i..rlCreas ingly h igh pos it ive cor::--elations of de creased dose nith de cre ased fertility. 
which i:nplied a thr e sho::!.d of sperr.mt oz o a  number for fertility. Sn.eki et al 

( 1 965 a) reporte d t hat a 0.005 ml . dose of undiluted semen every f ourth day 

produced h igher fertility over one laying ye ro· , than o. 04 ml . every sixth day 1 

or even h igher volume s. The gener al tre nd ap:pe ar s  to be t ovrnr d r e duced do s e s  of 

relatively concentrated semen , particul arly in some Jap ane s e  lo..bor ator ies 

(I.1orimoto 1 966 per s . comm. ) . 

Inseminat ion te chnique . 

Intra-vaginal or intra-uterine inseminations are usually applied in 

commercial breeding programms. The intra-vaginal technique has been  described 

in Section 2.5,  but it is worthwhile to note that Gabriel ( 1 957 ) devised a one-

man insemination technique �or caged he ns  and r eported similar advantages in 

synchronisation and mental response to those obtained with one-man semen 

collection. Intra-uterine insemination has been applied in conjunction with 

�ozen or glycerolised semen to place the spermatozoa beyond the utero-vaginal 
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junction, but in some cas e s  this technique caus e d  an inhib ition of ovulat ion 

and great pain to the birds . Bobr , Lake , Lorenz , Ogasawara and Krzanowska 

( 1 965) reported a method of everting the vagina unt il the junc t ion was exposed 

and quick careful penetration with a c annula; this caused le s s  irr itation and 

de cline of e gg  pro duction than the pre vious method of penetrating the uter o-

vaginal junction ,!!:! �· 

Intr a-per itone al ins emination has more severe effect s  on the b ir ds and 

is normally restricted t o  research vri.th frozen or glycer ol is e d  seme n or attempts 

to place spermatoz oa ne ar the infundibular gl ands . Brown , Harris and Hobb s ( 1 963b ) 

::lescribed intra-per itone al inseminat ion vri.th a 1 "  needle inserted 1 . 5 cm . 

po sterior to the last rib and caudalward 
0 

at 45 angle to the b ody wall .  They 

sug ge sted that the intra-per it one al te chnique was super ior to intra-ut er ine 

insem ination , and t.hat the u s e  of small volume s of diluted fr e sh seme n containing 

a.."lt ibiot ic s r e duced the detr:blent al effects on e gg product ion. Howe ver both 

methods invit e the ris of introdu c ing microorganisms to the site of fertilisat io n. 

Har;:•y ( 1 963 ) reporte d that except ing the vagina , the reproduct ive tract of a 

healthy pullet c on•.:;ained few bacter ia and that de pos ition of cont aminated semen 

above the v agina could introduce bacter ia before albumen depoG ition pr ot e ct e d  

the ovmn. 

Most var iations of handling te chnique s are modif ic ations of Burrows 

and Quinn ' s ( 1 937 ) te chnique , suited to the housing and labour condit ions . 

4.2 F ertility. 

Spermato zoa in the oviduct . 

After intra-vaginal insemination or copulation sp ermatozoa are 

thought to move thr ough the vagina and utero-vaginal j unc t ion pr imarily by 

their own mot il ity. For thi s  reason the junct ion acts as a se le ctive b arr ier 

to spermat ozoa, although the s ignificance and extent of s ele ction is not c le ar .  

Once over the junction and in the uterus lumen ,  spermatozoa and s imilar inert 

substanc e s  apparently travel by the peristaltic or cil iary action of the ovidu ct. 
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Saeki, Tanabe , Katsuragi and Miyage ( 1 963 ) using a tr acer technique with 

3?p - labelled cells , found l iving spermatozoa in the infund ibulum within six 

teen minute s  of intra-vaginal insem inat ion; this extremely short interval 

necessitat e d  exter nal aid for the spermato zoa and rap id pas sage through the vagin� 

Inert substanc e s  de pos it ed in the uterus moved at a sim ilar rat e e spe c ially in 

laying birds. Within twentyfour hours of intr a-vaginal inseminat ion more than 

50;� of the r adioact ivity was re cor de d  in the infundibulum and some ne ar the 

ovary , but the distr ibut ion was partly influenced by the s tage of ovulation at 

the time . Allen and Gr �g ( 1 957 )  empl oying similar methods re ache d the s ame  

conclus ions ani sug ge sted that the proport ion of s permatozoa wh ich r eached the 

inf'undibulum was determined by the sit e  of depo sit ion. 

O nce ne ar �he uterus mo st of the living spermatoz oa apparently move 

into a gr oup of gl ands in the ut ero-vaginal junc t ion , wh ich ar e  considered t o  

be r e s id e nc e  s ite s act ing as a revervoir o f  s permatozoa r equir ed fo� sequent ial 

ovulations . Van Drimmelen (1 949 ) f ir st emphasised the maintenan�e r ole of 

1 sperm ne st s  1 gl ands in the c audal infundibulun1 and assurned the bulk of the 

stored s permat ozoa were retaine d  in close pr oximity to the s ite of fert ilis at ion. 

Re cent studie s (Bobr � ,!:1 1 964 a ,  b ;  Lorenz 1 964) have d is counted the b iological 

s ignificru1ce of the infundibular gl ands and as cribed the main stor age role t o  

the his tol o gically simil ar uter o-vat;L"lal gl and s . The se glands are mainly 

in vagi nal tis sue where a thick r ing of constr icted f o lds de l ineat ing the 

uterus ,  ar e  massed in the sphinc ter lumen ( see Plate 1 0) .  B obr e t  al 

(1 964 a) detected abu ndant spermatoz oa within the glands ten minut e s  after 

copulation and less  than ninety minutes after an intra-uter ine inseminat ion 

whereas the infundibular glands were more slowly and sparsely filled. 

Comparisons have been reported on the storage potent ial and biological 

significance of the two gland s ites following a variety of insemination 

techniques ,  but do not necessar ily apply t o  spermatozoa distribution after 

natural matings. Bobr et � ( 1 964 a ) considered the infundibular glands 
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unimpor tant spermatoz oa residence sit e s , as albumen secre t ion or an inflated 

developing egg effe ct ively blocke d  spermat ozoa pas sage , and the average durat ion 

of s permatozoa in the illi"'undibulurn was le s s  t.han that at the utero-vaginal 

j unc t io n. By applying intra-vaginal , intra-uter ine and intra-per itoneal 

inseminat ions at dif fer ent t ime s  in the ovulatory cyc le , they observe d an 

increasL� proport io n of spermato zoa in the iru"'u ndibular glands a s  the semen was 

dep o s it e d  deeper , and virtually no caudal migrat io n  after an intr a-magnal 

inseminat ion. Natur al mat ing was apparently equ ivale nt to :penetr at ion between 

the vaginal and uter ine depo sit ions , with a few spermat oz oa ach ieving the in­

fundibular region. In contrast , Talceda ( 1 966 ) ob served that the illi-"undibular 

glands had a higher pr e ::.; ervation c apac ity th an the uter o-vag inal area after an 

insemination of 1 00 million spe�at o z o a  at the two sites. He obt ained an 

aver age durat ion of fert ility of 1 7. 2 days at the infundibula.� ::.; it e  and 1 2. 2  

days fro:n the utero-vaginal j unction .. s it;e  s p3  rmat oz o a ,  and the ::.; it u at ion was 

unchanged by larger insem inat ion do se s . Van Krey , O gasawar n. and Lorenz ( 1 964 ) 
als o obtained a longer dur a·!; ion of fertil ity from spei'!Tlatozoa dep o s it e d  intr n.­

ma.gnally after lapar o tomy , but in l ater te s t s  Van Krey � .!!1 ( 1 966 ) de te cted a 

high pre -ovipo sital embryonic mortal ity . This has b e en t entat ively ascr ib e d  

to several feature s of inf'undibular stor age : f ir s tly that in.:' er ior spermat o z oa 

succe s sfully compe t ing for fertilisat io n  would norm al ly have been impe de d in 

pass age thr ough the o viduct ; t hat the blastoderm coul d  have been d isrupted by 

intense polyspermy after a fertilisat ion ne ar to the stor age s ite ; or that t he 

spermatozoa are re ndered inneffe ct ive by s e vere overcrowding . The s e  hypothe ses 

eluc idat e some of the app arent advantage s obtaine d with froze n or glycer olis e d  

semen after deposit ion above the vagina , and the increased fertility with 

artific ial inseminat ion of s emen fr an l ow-fe cundity male s .  

Le ss information i s  available o n  t he  spermatozo a  rele ase me chanism. 

G-r igg ( 1 957)  reported the pre sence of living spermatozoa in the inf'undibulum 

lumen soon after e gg pas sage had been s imulated by an artificial ovum , and 

po stulated a strong influenc e  of me chanical d istens ion. Sub se quent experime nt s 
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have questione d  the se conclus ions and although the mechamism is still unknown, 

it is thought to be synchronised with ovulatory cyc le s .  Lorenz ( 1 966 ) 

ob serve d some spermatozoa rele as e s  after mock ovulations and hormone treatme nt s 

but noted that ' normal ' rel e as e s  o cc urred only after a genu ine ovulat ion and 

that spermat ozoa had disappe ared from the lumen again wit h in two or thr e e  hour s 

of ovulat ion. Mo st of the spermatoz oa were rele ased from the uter o-vaginal. 

glands . O ther re cent paper s  by Verma and Cherms ( 1 965 ) ,  Lake ( 1 966 a , 1 967 ) 

and Van Kr ey ,  O gasawara ru1d Pangb orn ( 1 967 ) ,  help to e s t ablish a few point s : 

spermat o z o a  inseminated in or ne ar the uterus rapidly assemble he ad-f ir st in the 

utero-vaginal glands and b e c ome f airly quie scent ; during and aft er ovulation 

some spermatozoa - pos sibly the f ir st to enter the glands , are rele ased by an 

unknown me chanism and move up the oviduct to the site of fert il is ation in the 

magnum or infundibulum ; and that spermatoz oa res idence in the ut er o-vaginal 

gl ands is an int egral part of avian se que nt ial ovulation. Parker and .Ars cott 

( 1 965)  cle arly demonstrated the longer dur ation of fertility obtained with 

inseminations made from 1 200 t o  21 00 hour s c ompared. t o  0800 hours , an d  most 

worker s attribute this to the s t age of ovulation , as suming that an egg � 

utero bl ocks the ascending spermatoz o a  or pr ohibits a s at i sfactory ever sion 

of the c loaca. 

Competit ive fertilisat ion has b een demonstr ate d  Yrith old and fre sh 

spermatozoa (Payne and Kahrs 1 961 , Smyth 1 963 and Kushner � !:!,  1 966 ) ,  defective 

spermatoz oa (J.J.len and Champion 1 955) , and heteroplasr.lic unions (l.tkinson, 

Kr opp , Bradley and Quisenberry 1 966 , and It agaki, Tsubokura , Inomata and 

Nakru1o 1 966) . The fertilis lllg potent ial of aged versus fresh spermatozoa has 

been well documented and is useful for predicting the change in paternity, but 

the apparent dis advantage s of heteroplasmic mat ings are unre solved. 

Female contribution t o  fertil ity. 

The evidence for genetic difference s between f emale s in t he ir  

contribution t o  fertil ity , is r ather fragmentary and a s  yet unrelated to 

physiological or psychological variation. Bonnier and Trul sson ( 1 939) report-
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ed signif icant variations in the ability of female s t o  pro duce fertile eggs 

and Howe s and t}owe ( 1 960) after similar results suggested that the duration of 

fertility was at least p artly determined by several non-d ominant auto somal genes . 

Hays ( 1 950) reported some evidence that female fertility was d etermined as a 

Sbx-linked trait by the sire . Maw ( 1 956 ) and .Hlen end SkalJ er ( 1 958) , obtair:ed 

heter opl asmic and str ain variations in f ert il ity and not e d  interact ing male and 

female contr ibut ions. Re cently Aror a  ancl Kos in ( 1 966 a ,  b ) rep orte d  an 

as s o c iat ion of the st ac;e of gastrulat ion of turl:ey e ggs at ovipos it ion with tl:e 

ability of the bls.st oderm to survive pre -incubation s torage. �cis confirmat ion 

of genet ic differ e r:ce ::; in r.. at chab il ity heJ ps t o  explain the c..� :�arent difference s 

in fecundity which wer e not dete ct e d  by early fert il ity t e st s , and h ighlight s 

the problen of me asur ing avian fert il ity . 

r.:ore inform atio n is ava iJ able on envir onmental effects on fert il ity. 

Apart fror.l the nutr itionc..l ,  patholo gical and rr.anagenent influenc e s  d is cus s ed in 

Se ction 2. 1 , wh ich obv iou sly affe c t  fenc.le g&J.c te matur at ion as we �  1 as sperma t o­

z o a , most r e s e ar ch h as b een conc e rne d v.rith the rel ati onsh:..r; of ovulat ion rate 

and fertility . Lamoreux ( 1 940 ) r e ported that infer tility rr� inversely pro­

vortio nal to clut ch s iz e  or e gg pr od uction over s ix  we eks , for naturally mating 

f owl s . Nalb andov and Cor d  ( 1 943 ) with similar re sult s , sut;gc .Jted that low­

producing female s were mate d  l e s s  fre que ntly and that tte reduc e d hatchab il ity 

reflected early embryonic deaths due t o  fert il is at ion by st ale spermat oz oa. 

Te.ne ja and Gowe ( 1 960 , 1 961 cit ed by Lorenz 1 964) reported str ain variations in 

the duration of fert ility , which were assoc iated with e gg produc tion rate and 

inversely re lated to the frequency of infertile e ggs. Ter:1per ature intluences 

were reported by Long and Godfrey ( 1 952 ) relating lower fertility in cold periods 

to r educed mat ing ; and Hafez and Kamar ( 1 955 ) who considered winter amb ient 

temperature s were most favourable f or fertility with natur al mat ing s in the 

subtr opics. Mc Cluskey and Parker ( 1 963) sub je cted pullets t o  differ e nt l ight 

regimen and observed a posit ive correlation of f er tility with incre asing light 

period, but showed that this was due to mating frequency and could be rect if ie d  



1 1  ( .  

b y  artificial breeding. Sunde and B ird ( 1 957 , 1 959 ) noted init ially low 

hatchability due to early enbryonic deaths in the f ir st tr..ree to six weeks after 

the ons et of' lay; and Tornhave ( 1 958 ) reported highe st hat ch nb ility dur ing the 

fir st two hundred days of egg pro duct ion and an acce lern.ted d e cl ine thereaft er . 

The significance of female immuno-re a ct ion to re r� ate d  insem inat ion or 

the infertility syndrome , is a c o ntr over s ial t opic at pre sent . The pre sence of 

c :i.r culating ant ibodie s to spermat ozoa h as be en establishe d ( ":.'entvror th and Melle n 

1 96.3 b ;  Hosoda, .Abe a.nd Ot culm 1 96h; Saeki et al 1 965 a, b ;  and Lake 1 966 a ) , 

but many workers are s c epticaJ. of their rel e.t ionship with de clining fertility . 

Abe et al ( 1 %5) an:l It agald et � ( 1 %6 wer e unable to incrinlinate ant ib odie s  

and Kushner � !:1, ( 1 966 ) sug ge s t e d  that the insemination te chnique and e qu :.pment 

c ould be re sponsible for de clining fertility results . Some rep ort s have in-

dic ated a higher immuno-reaction t o  art if'icial inseminat ion tt.an natur al mat ing , 

and Le.ke ( 1 966 a) has pointe d out that tL is may b e  d ue to the h ighe r  pro port ion 

of male b lo od tr <::lJ.S UdD.te obt awe d y;ith art if ic ial c olle ction. 

Lab or at ory pre d ic t i ons . 

The data obt ained fr om bbor atory e valuat i ons of semen for 

predicting fertilising capacity , are br iefly r.1entioned in this r evie vr, in part 

to jus t if'y the ir oiPnis s ion from the the s is r e s e arch. Cooper and Rowel l  (1 957 ) 

considered that a me asurement of re sazur in reduct ion time Jco " : ink  end-point (RRT ), 
or init ial pH , or perc ent age dead spermatozoa , wer e suff ic ient to ident ify 

cocks with an abnormally low fertilising c apacity. They computed that 80. 7% of 

the variat ion in fertility between cocks c ould be explaine d by a combination 

of RRT and percentage dead sp ermatozoa data. In a later paper ( 1 958 ) they 

obt ained significant corl)elations betwe en RRT and percent age dead (+0.82*""*) ; 

motility and RRT (-o. 76 •:•f.•*) ; and motility with percentage dead (-0. 95***) .  

The most u seful single crit er ia for laborat ory prediction was the per cent age 

of dead spermatoz oa which ace ounted for 77.7% of t he variation in fertility 

and this prediction was not s ignificantly improved by multiple analyse s  with 
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other crit eria , however the authors caut ioned against the v1ide confidence int er-

vals in predictions. As no association of fert ility ili th spermatozoa concen-

tration , semen pH or volume was obtained , the results imply that spermatozoa 

qu ality measur em ent s are mo s t  valuable in pr e dic tions. 

O ther reports emphas ise s imilar crit er ia : Saeki ( 1 960)  ob t aine d a 

ne gat ive ass ociat i o n  betrre en the propor t ion of crooked ne ck spermat oz o a  and 

fer tilising cap acity ; and UcDaniel and C raig ( 1 96 2 )  reported that the comb ine d 

cr it er ia of mot il ity, opac ity score and RRT acc ount ed for 6��; of the variation 

in fertility of a subfort ile strain but only 27/b in a h ighly s ele cted Leghorn 

.... . 
s ..,r a�n. However as Lake ( 1 967 ) po int s out , no p recise parnmeters of 

spermat oz oa mor phology or me t abol ism have yet been suff ic iently a s s o c iate d  

with their fertilising poten tial to fo rm the basis o f  simple semen quality tests. 

B . Re se arch. 

L�. 3 Material arrl Uethods. 

�.tat er ial s . 

Po oled semen obt aine d fr om co ckerels of one sJcr uin was colle cted 

by the one-man technique describ e d  in Se c t ion 2 . 5. 

Diluent chem ic cl c ompo s it ions are pr e s ent ed in Appendix B . 

Artificial inseminat ions wer e made using a syringe with aff ixed 

cannula or one of t�� micropipettes. The 2 ml. capacity syringes wer e  modif ie d  

by a return spring on the plunger and a br ass retaining tube around the bore 

which limited the dose to a specified f r action of a millilitre. Mic ropipette s 

and at tached rubber blow tubes we re applied for small dose ins eminations as 

pictured in PRate 9. The larger pipette with a 0. 1 0  ml. capacity was cal ib r ated 

to 0. 005 ml. and the bore diameter was approximately equal to the canrrula bore. 

The smalle r  pipette , pictured in Plate 2 ,  had a 0. 025 ml. cap acity and calibra-

tions to 0. 0025 ml. 

Pullets r e quired for fertility tests wer e r andomly chosen from b atteries 
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PLATE 7• 

A 
B 
w 

Artificial insemination. 

cage floor or third tier . 
feed trough. 
water trough of second t ier . 

The usual method or inseminating trained pullets. At the stage 
illustrated, the cloaca has been f'orcibly everted t o  expose the distal vaginal 
opening. The ca.rlilllla has penetrated the vagina 1�" to 211 , and immediately 
following this , pressure was relaxed, the cloaca reverted , and seme n was 
released into the proximal vagina. 
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PLATE 8. Art if ic ial inseminat ion. 

R : distal re ctum. 

At the stage shown the cam:p.la has penetrated the distal vagina. 
After the pullet was relaxed , the cloaca reverted and the semen 
expel+ed. Recalcitrant pullet s were removed from their cages , 
where more directional pressure could be applied f or  eversion. 
The left hand pre ssed up the soft contents of the abdomen, while 
the right hand forced the upper vent and pygostyle anter iorly and 
exposed the a:Cea for inseminat ion. 
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conveniently ne ar the cockerel cage s, Usually groups of pullets in contiguous 

c age s or rows wer e allocat e d  to one experiment and inseminated with s emen f rom 

mo.les of the same stre�in• Non-laying b irds were omitted and a min:irr:� 

period of four weeks was allovred between experime n tal inseminat ions . Pullets 

were subC.ivided into r c.ndomised blocks for e ach tre atment , however the insemin-

ation sequence by tre atme nt s rather than r eplic e.t e s , was ado pted f or c o nvenience 

and was unlikely to influe nce the fertil ity obt ained with fre sh seme n. 

Me thods . 

Semen r e qu ired fresh for inseminat ion, was colle cted b e tween 1 500 

and 1 6.30 hour s and transferre d to a labor atory for dilution and �ixing. 

Dilutions wer e  made within fifteen minut e s  of colle ction when b oth 

diluent and semen had att aine d ro om t emperature .  The diluent v1as sl owly added 

to the tub e of semen from a pipe t te and swir le c  by hand until the mixture appe ared 

unii'orm. 

Insemination t e chnique s have been de scribed in S e c t ion 2 . 5 .  The 

use of syringes ins ide and out s ide the cage s are pictured in Plate s  7 and 8 ,  

and a micropipette insemination in Plate 9. During a ser ie s of ins eminations 

for one tre e.tment , the tube of semen was continually agit ated to ensure a fair 

s ample for every pullet . 

Egg collection procee de d  from the second day after inseminat ion over 

the period pre s cribed in each experiment . Egg s were colle cted daily between 

1 400 and 1 600 hours , with the date and pullet c age number marke d on e ach one . 

Individual eggs were ident ified on the analysis she et to b oth the pullet and the 

date of ovipo sition. 

Fertility t e st s  were conducted after twen�our hour s of incubation 

0 
at 1 00 F .  Eggs were broken out onto an illuminated glas s platform with the 

blastoderm appearing on the top surface . Most decis ions were made after a 

rapid macroscopic examination which class if ie d  eggs as fertile on the bas is of 
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embryonic development. Unfertilised eggs were those exhib it ing no embryonic 

development and the c h aracteristic white opaque blastodisc centre with periph-

erc.l lacumae . Approximately 7fb of eggs were clas s :ii' ie d  as doubtful and examined 

under magn:ii'ication and compar e a. with diagr ams  ma.de at various stages of 

incuuation of unfertil iscd Dnd fert ile blastodisc s . The und e termined errors 

v.hich could have ar isen frorr. pre-ovipos ital mortality or parthenoGenet ic develop­

ment were appre ciated but not seriou sly cons idered , as the re sults  vrer e inteniied 

to be cornp ar itave and re li' e ct the fert il ity which would have b e en obtained with 

candJ.ing . A more serious omiss ion arose from the lack of hat ch�bility results ;  

_t-�articularly in the semen storage exper ime nt s . 

Fertility was expre s sed at two levels : pullet fert ility vms computed as 

the perc e ntage of f ertile e ggs from indiv idue� s , and tre atment fr.rt ility as the 

averaged percent ages  of all pul let r epl ic ate s . AlthoL<[;h r a:.-. cluta ore pre sented 

L'1 the App endix A table s ,  ne st of the per cent ace fer t il ity "!" c :;ult s Vlere tr<=ms­

formed f or anclysis and c omparis ons be tr.e en means ; however or iginal per c entages 

are illu strate d in the graphs . 

4.4 Experiments • 

.Artificial iru; eruinc..tion ani fertil ity wer e inve stigated from three 

aspects :  diluents for extending fre sh semen;  dilution rate and insemination 

dose ; and the repeatability of fertility. 

In maey experiments do ses were varied in order t o  obtain a certain 

number of spermat ozoa per insemination; often inversely proportional to the 

dilution rate. It was cons idered that dilution was relatively more important 

to f ertility than dose , consequently the results are grouped with respect to 

dilution rate. 

Experimental methods and results are present ed here from tables in 

Appendix A, and a discussion of the r esults follows in Section 4. 5 

Diluents:  
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Exper iment 1 8  L o cke ' s , Tyrode and milk diluent s with two 

strains . 

" 1 9  Tyr ode , milk and s odium-pho sphat e  buf'fer dilue nt s .  

" 20 Tyrode and milk at two dilut ion rat e s .  

11  21 T)T Ode and milk at four dilut ion r o t e s . 

D ilution Rate : 

Exper :ir:lent 2 2  Thre e dos e s  at thr ee dilution r a.t e s  vlith milk. 

11 23 Thr e e  do s e s  at two dilution r at e s  rlith milk . 
" 21. Two do se s at thr e e  dilut ion r at e s  with buffer . 

" 25 Thre e a o s e s  at two dilution r o.t c s with m i lk. 

" 26 F our dilut io n rates with m ilk. 

" 27 Fot.:r dilut i on rate s with nilk f or two strains . 

Fert il ity : 

:SX:per :ime nt 28 Duration of f ertility after o r�c ins em inat ion. 

" I'J Q  
"--· Rope c.tabil ity of fertil ity . 

Re se er ch me tho ds : 

Exper iment 30 Centr ifugat ion of semen. 

" 31 Pullet tr aining for art if ic ial ins cr:: innt ion. 

" 32 ?ert ility determinations . 

EXPERIMENT 1 8. 

Metho ds. 

Locke ' s and Tyrode s o lutions and pasteur ised whole m ilk , wer e 

evaluate d  with an undiluted control , for dilution of fre sh semen. 

Sene n was obt aine d fr om twenty AO and twenty WC c ocker el s ,  poole d 

within e ach strain, diluted 1/3 at 1 0° c. , and inseminate d  with in fortyf ive 

minut e s. Eight WC pullet r epl icate s per tre atment at 7� e gg production, wer e  

inseminate d  with 0.1  ml. dos e s . 

Fertility was comput ed u sing e ggs obtained from the s econd t o  fifth 

days after ins emination. 
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Re sult s. 

Data on the fertility re sult s and analysis are pr e sented in 

Table 3. Transformed percentage s and signif icant differ enc e s  are used_ for 

comparisons in th is se ction. 

Aver age fert ility. 

D iluent He an Strain Mean 

Milk 78. 6;:; Y.'L 7�:; G --' 
_.18 I J 

Control 78. 1 AO 74. 4 
Locke ' s 72. 5 

Tyr ode 70. 6 

( 1 )  Ho signific cnt difference s between diluent s wer e  obt ained. 

( 2 )  Undilute d  semen produc ed fertility similm- to that from 

a 1/3 dilution. 

(3 ) !!etoroplasmic and homoplasmic semen r..roduc ec ne gl igible 

fert ility difference s Y!ith ':tc :pu le t s . 

3XP:!:RTI�IT 1 9  • 

. �ethod s . 

Tyrode solution , milk and a sodium-pho sphate buffer vrere 

evaluated for the ir dilution of fre sh semen. 

Seme n was obtained fr om e it;ht ',7C cocker els , poole d , diluted 1/2 

and inseminated within f ifty minute s . Fifteen WC pullet r e pl ic at e s  per 

tre atme rrt , at 82% egg production , were inseminated with 0. 05 ml . dos e s. 

Results. 

Dat a on the per centage of fertile eggs obtained fr om the 

second to e ight day after inseminat ion ,  are pre sented in Table 1 0. 

Average fertility. 

Diluent Mean 

Buf'fer 79. 1% 
Tyrode 67.7  
Milk 53. 6  

n.os = 23. 39 
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( 1 ) Higher f'ertility ( P  < o. 05) was obtained from buf'fer than milk 

diltition. 

( 2 )  A longer duration of fertility was pr oduc ed with buffer dilution 

than milk or Tyrode solut ion : reductions of 1 6% and 1 o(o  respe ctively in 

fertility up to and after the f:if'th day were obtained in the latter , but there 

was no decline over the e ight day period vlith buffer . 

EXPERIMENT 20. 

Methods . 

The dilution propertie s of Tyrode solution and milk were 

compare d  at high and low rates . 

Semen was collected from ten WC cockerels , poole d,  diluted 1/2 or 

1/1 0 with milk or Tyrode solution, and used within sixty minut e s . Eight AO 

pullet replic ates per trentment , at 82% e gg production , wer e ins eminated with 0. 05 

ml. do ses . 

Result s . 

Data on the per centage of fertile eggs obt aine d f'rom the second 

to ninth day after inseminat ion , are pre sented in Table 1 2. 

Average fertil ity. 

Diluent Mean Rate Me an 

Milk 54- r;/o 1 66 .7'/o 2 
Tyrode 52. 9 1/1 0 40.7 

n. o5 
= 22.41 

( 1 ) Average fertility from millc and Tyro se solut ion were not s ignif­

icantly different , although milk was 1 8% higher at the 1/2 r ate and Tyrode 1 ;1%  

higher at the 1/1 0  r ate. The interaction was not significant . 

(2) Higher fertility (P <:0.05 )  was obtained at the 112 r ate. 

EXPERIMENT 21 • 

Methods. 
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Tyr ode s olution and milk vver e c ompar e d  at four dilution r at e s .  

Semen was obtained fr om t en WC cocker els , pooled ,  dilute d  to 1/3,  

1 /6 ,  1/1 2 or 1/1 8  with m ilk or Tyro de solut ion ,  and used within fifty minut e s .  

F ive pul let r eplicate s per tre atme nt , at 8Q% e gg production, wer e inseminated 

with 0. 1 ml. dos e s .  

Re sult s .  

Data on the per c e nt age o f  f ertil e  e ggs layed from the se c ond 

t o  e ighth day after insemination , are pre s ented in Table 4-. 

Lverage fertil ity. 

D iluent Mean Rate Mean 
-

M ilk  6L�. 6% 1/3 80. 1% 

Tyrode 62. 2 1/1 2 64-.7 

1 /6 58. 0 

1 /1 8  50.8 

D . o5 
= 28 . 26 

( 1 )  Milk and Tyr ode solut ion were not signific antly differ e nt over a 

vride range of dilut ion r ates . 

(2)  H igher fertility (P < 0. 05 )  was obt ained from a 1/3 dilution than 

1/1 8 ,  but no other s ig nificant diff er ence s from dilut ion r ate oc curr e d. 

( 3 )  In contrast to Expt . 20, milk proved a more suc c e s sfUl solut ion 

at high dilut ion rates . 

(4-) O ne infert ile pullet in the 1/6 m ilk tr e atment influe nced the low 

fert il ity at that r at e .  

EXPERIMENT 22. 

Method. 

Three levels of seme n dilut ion with milk wer e  compared at three 

inseminat ion dose leve l s .  

Semen was c ollected from twenty AO cockerels , pooled ,  dilut e d  1/3,  

1/6 o r  1/1 0 in milk and utilised within seventy minut e s .  The or iginal 
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spermatozoa concentration was e st:Unated at 5. 1 x 1 09 per rnl. , producing 1 700 

million spermatozoa per,mill ilitre at the 1/3 rate , 850 million at the 1/6 r ate , 

and 51 0 million at the 1/1 0 r at e .  Eight W C  pullet replicate s per tre atme nt , at 

69.% egg pr o duction ,  were inseminated with 0. 05 ml. , 0. 1 0  ml. or 0.22 ml . dose s .  

The e st :llnated spermatozoa number per ins emination in millions , with 

the true per cent age fertility in brackets is table d  below. 

Dose 0. 05 0. 1 0  0.22 
Rate 1/3 85 (70) 1 70 (87 ) 370 (86 ) 

1/6 lf-2 ( 57 )  8 5  (63 ) 1 87 (71 ) 
1/1 0 25 ( 22 )  51 ( 35)  1 1 2  (40 ) 

Results. 

Data on the p ercentage of fertile eggs lo.ye d from the se cond to 

ninth day after inseminat ion, are pre sented in Table 7 and illustr ated in the 

lower graph of F igure 1 2. 

Aver age fertility 

Rate J.ie an Do se Mean 

1/3 69. ""f;� 0.22 56 .4% 
1/6 55. 2 0. 1 0  54.1  

1/1 0  30· 5 0. 05 44. 9 

n. o5 = 1 5. 52 
D .01 = 1 9. 59 

( 1 )  Higher fertility was obtained with a 1/3 dilution rate (P  < 0. 1 0 )  

than 1/6 , and lower fertility (P ( 0. 01 ) with 1/1 0  dilution. 

( 2 )  No signific ant insemination dose or int er action eff ects were 

recorded. 

(3 )  From the t able of' spet'matozoa number and fertility it is noted that 

a large insemination do se did not negate the decline in f'ertility f r om dilution, 

and that for a given number of spermatozoa and c oncentrated semen s ample s were 

more ef'fect ive .  
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PL.ATE 9. Artif ic ial inseminat ion. 

A 0.025 ml. capacity micropipette and rubber blow tube are illustrated 

f or a 0.005 ml. experimental ins emination. 
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EXPERIMENT g,3. 
Methods. 

Thre e  small semen insemination dose levels were examined at 

different dilution rates. 

Semen was collected from twenty AO cockerels , pooled ,  vrith one batch 

diluted 1/3 with milk and the other retained as an undiluted control. The 

original spermatozoa concentration of 5 . 1  x 1 0
9
/ml . produced 1 7CO million 

spermatozoa per ml. at the 1/3 r ate . Eight and sixteen AO pullet replicates  

per diluted and control treatments respectively , at 65?� egg pro duction, were 

inseminated with 0. 01 0 ml . , 0. 025 ml . or 0. 050 ml. doses vrithin seventy minute s . 

Estimated number of spermatozoa per insemination in millions and the 

true percent age fertility , are recorded in the table below. 

Dose 

Rate 0 

1/3 

Re sults. 

0. 01 0 

51 (86 ) 

1 7  ( 1 7 )  

0. 025 

1 27 ( 95 )  

42 (60) 

o. oso 
255 ( 92 )  

85 (6lf- ) 

Data on the percentage of fertile eggs l�ed from the second 

to ninth day after insemination are pre sented in Table 8 and illustrated in 

the lower graph of Figure 1 2. 

Average fertility 

Rate Mean Dose Mean 

0 79.8% 0. 050 68.4% 

1/3 41 . 9 0.025 67. 9 

D. 01 = 1 2.28 0. 01 0 46. 3 

D . 01 
= 1 7. 03 

( 1 ) Higher fertility (P < 0. 01 ) was obtained from undiluted semen. 

( 2 )  Higher fertility (P < 0. 01 ) was obtained with the 0. 025 ml. or 

larger dose  compared to 0.01 0 ml. 
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Average fertility. 

Rate - Do se Mean 

0 0.025 83.3% 

0. 050 81 . 0  

0. 01 0 75. 1  

1/3 o. oso 55.7 

0.025 52. 5 

o. o1 o 1 7.4 

D.o5 
= 23. 56 

( 3 )  A significant interaction ( P .C0. 05 ) was obtained ;  by which the 

fertility of a 1/3 dilution was significantly lower at the 0. 01 0 ml. dose level. 

(4) An insemination of f iftyone million spermatozoa was sufficient to 

produce 86% fert ility over eight days of egg collection. 

EXPERIMENT 24. 

Methods . 

Three rates of dilution with a buffer diluent were compared at two 

dose levels.  

Semen was collected from eighteen WC cockerels , poole d and diluted t o  

1/3 or 1 /6 or retained as an undiluted control batch and utilised within f ifty-

five minutes.  Ten AO pullet replica.tes  per treatment , at 83% egG production, 

were ins eminated with 0. 05 ml. or 0. 1 0  ml. dos e s. 

Results. 

Data on the percent age of fert ile e ggs laye d  from the se cond to 

seventh day after inseminat ion, ar e  presented in Table 1 3A. Fert ility obtained 

from the se cond to ninth day, is illustrated in the Figure 1 2  top graph. 

Aver age fertility. 

� Mean � Mean 

0 72.9";& 0. 1 0  57. 1% 
1� 59 . 2  o.05 54- 5 
1 6 3$. ;3 
D = 24e03 
D. o5 

= 30.41 . 01 
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( 1 ) Highe st fertilit,y was obtained using undiluted semen ,  and that 

fr om 1/6 dilution was significantly lower (P < 0. 01 ) .  

( 2 )  There were negligible fertility differe nces betvreen the dose r at e s  

at any level o f  dilut ion. 

Data on the percentage of fertile eggs layed from the eight t o  

twelfth day after insemination are pre sented in Table 1 3B. 

Aver�ge f ert ility. 

Rate Mean Dose :Mean 

0 43.3% 0. 05 36.5% 

1/3 40.4 0. 1 0  35. 0 

1/6 23 . 1  

( 3 )  The fertility difference s ar is ing fr om dilut ion rate wer e ins ignif­

icant in the last five days of e gg collection. 

(4) No significant do se effect was obtained , which indicated that 

halving the t ot al number of s pe rmatozoa inseminat e d ,  did not at the se dilut ions 

rat e s  affect the duration of fertil ity. 

( 5 )  Over the vihole eleven day colle ction period the only signific ant 

fer tility diff erences were t ho se between 0 and 1/6 dilution r ate (P < 0. 05 ) . 

EXPERIMENT 25. 

Methods . 

Two rates of semen dilut ion were c ompared at thr ee inseminat ion 

do se levels .  

Semen was obt ained fr om twelve AO cockerels and poole d ;  one b at ch 

was held undiluted and a second diluted 1/2 with milk. The or iginal sperm­

ato z o a  concentration of 3.84 x 1 09 /ml. , pr oduced 1 920 spermatozoa per ml. at the 

1/2 r ate. Ten AO pullet replic at e s  per treatment , at 78% egg production ,  were 

inseminated with 0. 005 ml. , 0.01 0 ml. or 0.050 ml. do se s within thirtyfive 

minute s .  
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The e stimated spermatoz o a  number per insemination and subsequant 

fert ility in brackets , are pre sented in the table below. 

Dose o. oo5 0. 01 0  0. 050 

Rate 0 1 9  (62 ) 38 £65) 1 92 (78 ) 

1/2 9. 5 (26 )  1 9  (65) 96 (72) 

Result s . 

Data on the perce nt age of fertile eggs l ayed from the second to 

eighth day after insemination, are presented in Table 9 and illustrated in the 

upper graph of Figure 1 2. 

Averat:;.e fertilit;z. 

Rate Mean Dose Mean 
0 59. 7�; 0. 050 66 . 9% 

1/2 49.8 0. 01 0  57.7 

0. 005 39.7 

D. 05 
= 24.88 

( 1 )  There were no signific ant dilution effects on average fertility , 

although a sharp decline occurred at the 0. 005 ml . dose level. 

( 2 )  The average fertility obtained from a 0. 050 ml. dose was higher 

( P  ( 0. 05 ) than that fr om a 0. 005 ml. dose. 

( 3 )  An estimated 1 9  million spermatozoa produced 65% fertility over 

a seven day collection period. 

EXPERIMENT 26. 

Methods . 

The use of pasteurised whole milk at low dilut ion rates. 

Semen was collected from eighteen WC cockerels , pooled, and three 

batche s diluted to 1/2 ,  1/3 or 1/4 with a fourth retained as undiluted control. 

Sixteen AO pullet replicate s per treatment , at 86% e gg  production , were 

inseminated with 0. 025 ml. dos e s  within forty minute s  of collection. 
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Re smll.t s .  

Data o n  the percent age of fertile eggs layed fr om the se cond to 

eighth day after insemination , are pre sent e d  in Table 1 1  and illustrated in the 

upper gr aph of Figure 1 2. 

Average fertility. 

Rate Mean 

0 65.8% 

1/2 47. 0 

1 /3 45. 5 

1/4 36.7  

D . 05 
= 21 . 20 

D . 01 = 26.41 

( 1 ) Higher fertility ( P -< 0. 01 ) was obtained from undiluted than 1/4 

milk diluted semen ,  but no other signific ant rate effects wer e obt ained. 

EXPERHiENT 27. 

Methods . 

Four do se and dilut ion rate c omb inations usinz.; u c o nstant number 

of spermat ozoa per ins emination, were te sted with semen from two c ockerels . 

One WC and one AO cockerel pro vided 0. 8 ml . of seme n e ach of which a 

portion was kept undiluted and the r e st diluted to 1/2,  1/1 0 or 1/20, with milk. 

The WC semen concentration was estimated at 1 .  71 x 1 o9 
spermatozoa per ml . ,  and 

An e stimated 41 million spermatozoa were ins eminated 

with each WC do se , and 71 million for the AO do se . Five WC pullet replicat e s  

per treatment , at 75% egg production ,  were inseminated with 0.024 ml. , 0. 048 mL. 

0.24 ml. and 0.48 ml. dos e s  for decreasing concentrations re spectively, within 

seventy minutes of collection. 

The estimated spermatozoa c once ntration per millilitre , in millions , 

is shown with the true fertility obtained in brackets , in the tab le below. 

ale WC 

AO 

1 
1 71 
31 0  
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Re sult s .  

Data on the p er cent age of fertile e gg s  obtaine d from the s e cond 

to e ighth day after insemination , are pr e s ented in Table 5. 

Average fertility. 

Rate Mean Male Me an 

0 79. 9/o AO 47. 9/o 

1/2 78 .0  WC 39.0 

1/1 0 4· 9 

1/20 1 1 . 1 

D. o5 
= 1 9. 58 

D . 01 
= 24.48 

( 1 )  H igher fer t il ity (P < 0. 01 ) was obt ained from t he 0 o..nd 1/2 dilut ion 

r at e s  than 1/1 0 or 1/20; conver sely ,  lower fertil ity ( P (  0. 01 ) was obt a ine d  

from the do s e s  great er th an 0. 24 ml . than tho se le s s  than o. 048 ml . 

( 2 )  Ther e wer e no significant differ ence s obt aine d be tween male s , 

t e sted, althou gh AO value s  with a higher sperm at o z o a  conc e ntrat ion wer e not ably 

higher at high dilut ion r at e s . 

( 3 )  A signific ant f all in f ertil ity oc curred with concentrations 

b etween 855 million and 31 0 mill ion sp ermato z o a  per millilitr e .  

EXPERI:MENl' 28. 

Me thods . 

The dur ation of fertility after one seme n ins emination was 

r ecorded for two strains of pulle t s .  

Semen was obtained from twenty WC c oc ker els , poole d and dilute d  1/3 

wit h milk for use within forty minut e s. Fifteen WC pullet s  at 70;"'& e gg 

production and fifteen AO pulle t s  at 67% e gg produ ction, per tre atment , were 

inseminated with 0. 1 ml. dos e s .  Five pullet s  from each strain were ins eminated 

we ekly , to serve as a control. 

Re sults .  

Data o n  the percent age of fertile eggs obt ained from the seco nd  
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t p  twentyf'irst day after insemination ar e  pre sented in Table 27 . 

( 1 )  A similar de cline in fertility was observed with e ach strain; 

the aver age t est and control fer t il ity is illustrated in Figur e  1 3. Over 80% 

fertility was maintained for the f :ir st week after inseminat ion, and there after 

the aver age fertil ity fell by ap proximately 1 C(s  per day. 

( 2 )  The aver age fert il ity obt ained from the vrc pullets was higher 

( P(0. 01 ) than that from the AO pullet s . 

( 3 )  A high correlation ( +0. 926 ':•::<) was obtained between t he d aily 

fertility level s of the two str ains . 

(4) The c o ntrol fer t il ity d id not change signific antly over the 

experime nt al  per iod. 

:8XP:2RIM:ENr 29. 

Methods . 

Indiv idual mat ing s which produc ed extremes in fert il ity , were 

r e pe ated twleve we eks l ater under similar condit ions . 

Two WC cockerels (No's . 1 1 4, 1 1 7 ) ,  two ML co ckereln C :o ' s . 67 , 1 09 ) , 

and tvro AO cocker els (No 1 s .  30 , 1 08 ) , were mat e d  duri ng �c --rtember 1 966 to 1 1  , 

1 4, 1 0 , 1 1 , 1 and 1 pullets r e spe ct ively , of the s ame str ai..11. Seme n  fr om 

Male s 30 , 67 and 1 08 , was inseminated undiluted, but semen from Male s 1 09 ,  1 1 4  

and 1 17 was diluted 1/2 with milk. During September the average e gg  pr oduction 

was 7afo. Twelve weeks later in December , 1 966 , with aver age e gg production at 

54%, the matings were repe ated us ing the same semen treatment s and stock. 

Results. 

Data on the percent age of fertile egg s  obt ained with two 

ins eminations over a sevent e e n  day period, ar e  pre sented in Table 28. 

( 1 ) Higher fertility (P < 0. 1 0) was obt ained from the original matings 

in Sept ember .  
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(2) There was a correl at ion of' +0. 3614t< of' individual pullet fert ility 

result s in the two tests.  

The aver age f ertilit y  of' untransf'orme d  data is re corded i n  the table 

below. 

Trial 

Male 67 

1 09 

1 1 4 

1 17 

1 08 

30 

r.rean 

S ept. 

84.7% 

62. 1 

72. 9 

65.0 

0 

1 00. 0  

64. 1 

Dec. 

77-6% 

50.7 

84. 1 

41 . 9 

0 

1 00. 0 

59. 1 

( 3 )  The s ingle mat ings of the two AO co cker els pr o duced exactly the 

sane fert ility at both trial s . The pulle t mated to Male 1 08 was co ns ider ed 

infert ile . 

(4) Ther e were no signif ic ant differ enc e s  in fertility of' e ggs 

collected after the first or second ins emination in e ach trial . 

EXPERllmfr 30. 

Method. 

This exper iment was c o nduc t e d  to te st pos s ible detriment al 

effect s  of' centrifugation on the fertilis ing ability of spermat ozoa. 

Semen was collected from t welve WC cockerel s ,  pooled, then split int o 

three b at che s ,  of which two were centr ifuged at 1 800 RPM (460 RCF) for ten 

mirrut e s  and the third hel d  stat ionary at 1 0° 
C. as a co ntrol . The supernatant 

of' the first centrifuged sample was withdrawn and replaced by buffer diluent up 

t o  the or iginal volume ; The second centrifuged sample w as remixed by gentle 

agitat ion unt il the spermat ozoa were unif ormly distributed. Then WC pullet 

replic at e s  per tre atment , at 76% egg produ ction, were inseminated with o. 05 ml. 

dos e s  within sevent,y minut e s  f'rom colle ction. 
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Re sult s .  

Dat a  on tl� percentage o� �ertile eggs layed on  the sec ond to 

eighth day �ter insemination, are pre sented in T able 34. 

Average �ertility 

Method 

B�fer 

Re mix 

Control 

Me an 

81 . 6% 

74-. 1  

63. 0 

( 1 ) There were no significant method e�fects on �ertility. 

( 2 )  Centrifugat ion at 4-60 RGF �or ten minutes did not damage the 

fe�tilising potent ial of freshly inseminated semen. 

EXF.:lliHfENr 31 . 

Methods . 

This experiment was condu cted to determine the r.1easurable response 

of two strains o� pullets to their fir st artificial insemination. 

Seme n was obtained from t en ML cockerels ,  pooled and diluted 1/2 with 

milk. A gr-oup of twenty WC and twenty AO pullets which had not been handled for 

inseminat ion previously, were treated in one of four ways pr ior to the insemina-

tion proper . The first group , referred to as ' semen' were inseminated 

normally with 0.1 ml . of 1/2 milk diluted semen. ' The second grouP7 referred t o  

a s  • water ' were inseminated with 0. 1 ml .  do s e s  o� distilled water . The third 

gr-oup , ' sham' , wer e removed from their c age s and e verted, but not inseminated. 

The fourth gr-oup ' nil ' were untouched. Two days later , fiv e  pullet r eplic ates 

per method , at 79'/o egg production , were inseminat ed with 0. 1  ml. do s e s  of 1/2 

milk dilut ed s emen. 

Re sult s .  

Data on the percent age o f  �ertile eggs produced from the second to 

eighth day aft er ins emination, are pre sented in Table 6.  
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Aver age fertility 

Method Mean Strain Mean 

Semen 85. 2% WL 79. a;'o 
Sham 81 . 9 AO 78.9  
Nil 79.6 

Water 69.1  

(1 ) Pre-inseminat io n handl ing pr oduced no signific ant advant age for 

subsequ ent fert ility, although it did make the pullets mor e tr o.ctable for the 

te st insemination. 

( 2 )  Ther e wer e no fertil ity differ ences be tween str o.ins . 

EXFERIMENT 32. 

Methods . 

Est imations of fertility wer e compared u sing a tvventyfour hour 

incubation egg bre ru{out teclLnique and a five day incub ation egg candling te chnique. 

Semen was obt o.ined from t welve AO coc kerel s , po ole d and diluted 1/2 with 

milk. Sixteen AO pulle t  rep lic ates at 84% e gg production , vrer e ins eminat ed with 

0.05 ml. dos e s  within th irty minutes of semen colle ction. Eggs collected fr om 

the se cond to ninth day after inseminat ion were sub je ct to a c o.ndling or breakout 

fert ility test ; alternate eggs from each pullet wer e allocated to e ach method 

of t e st ing. C andle d eggs which were co ns idered doubtful were broken out , and 

examined macroscopically for enbryonic development up t o  the t>ventyfour hour 

incub at ion st age . 

Re sult s .  

Dat a  ar e  pre s ented in Table 32. 

Average fertility. 

Method 

Breakout 

Candling 

Mean 

91 .7 

83. 2 

( 1 )  There was no signif ic ant differ ence between the method of dete cting 
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:fertility. The higher :fertility at twenty:four hour s o:f incubation is attrib-

uted to a part icular type of embryo wh ich sub seque nt ly die d arid de gener at e d . 

�. 5 Discus s ion. 

Mo st rese ar ch effort was dire cted toward :finding the b e st method to 

prep ar e  sp ermat ozoa :for maximum :fert ilising c apac ity in the :f ir st week after 

ins em inatio n. Particular emphas is was laid o n  s emen dilut ion r ate . 

The dose of seme n inseminated vms :fr e quently analys e d , in the sense 

of b e ing inver sely pr oportional to the dilutio n r ate . However the small am ount 

of re se arch into do se was mainly co ncerned with the accur acy and ease of 

inseminat ion wit h t he syr inges and p ipett e s  u sed. 

Exc ept ing minor modif ications in po s it ioning the female s dur ing 

handl ing , no e ffort was made to impro ve the in-c age method o f  insemination. The 

cho ice of e qu ipme nt was e xt e nded to include two s izes of pipette s  and int er ­

chanGeable b ore tubes which determine d the syr inge flu id c ap acity. A br ief 

study o:f pulle t re spons e s to handl ing for inseminat ion was D1t ended to complement 

s imilar exper iment s on handling co ckerels :for semen co lle ct io� . 

Four we llknown diluent s were tested :for the ir diluting pr operties of 

semen br iefly retained � vitr o , but no effort was made t o  isolate the ir pre cise 

eff e ct s  on spermat oz oa , the ir value :for extending the dur ation of f ertil ity , or 

the :ir long-term effects o n  the :female genit al tr act. 

Dilue nts .  

It was dif'f i cult t o  determine the importance of dilut ion or the cho ice 

of diluent , in extending fre sh semen. 'Where semen was dilute d  for convenience 

of handling or extending a co ckerel ' s  spermatoz o a  over many mat ing s ,  the only 
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crit er io n  of suc c es s ,  as in this study , was the level and dur ation of f ertility 

obtained. The rel ative ly l ow dilution rat e s  us ed and the short periods of 

storage in vitro , an aver age thirty minutes ; reduced the opportunity for 

v ar iat ions in fer t ility which c ould be attr ibut ed to the diluent . The stor age 

potent ial of the f our diluents t e sted and dis cus sed in Section 3. 7 ,  was not ne cess­

ar ily the dilution potent ial wh ich was te sted in the exper iment s v1ith fr e sh 

s emen . 

As there have b ee n  no ob je ctive studie s r eported on the L�ediate or 

in ut er o influence of diluent s on spermat o z oa ,  spe cu lat ion on the ir value with 

fre sh s emen is limited to the criter ia considered for stor e d  sem en . They 

include : the c hemical compat ab il ity of the diluent ; the ionic cooposit io n ;  

buffer ing and chelating pr opertie s ;  nutr it ive c ap ac ity ; and the int eraction of 

diluent with spermatoz oa me t abolism . 

All of the diluent s studie d ;  Locke ' s  and Tyrode solut ions , pasteur ­

ise d  whole milk and sodiwn-pho sphate buffer ; had been e xt cnsi vely us ed by 

r e s e ar ch groups and were app ar ently chemic ally c ompatible to sp ermat oz oa . Of 

the o ther criter i a ,  only the influe nc e of a diluent-spermato z o a inter action 

vrould seem to be s ignificant dur ing the short period � vitro . This effect 

c ould work throu gh a re act ion in vitro which rendered the spermat o z o a  

re sponsive t o  diluent i n  t h e  o viduct .  

Cons ider ing the v!ide range s in chemic al and c arbohydr at e  cont ent of 

the diluents studied, it appeared unlikely that e ither of the se f actors str ongly 

influenced the re sult s obt ained. 

In agreement with r e sults obtained from stor ed s emen, the sodiWm­

pho s phate buffer prove d a super ior diluent. Once again the h igher fert ility 

was manifested by a longer perio d  of fert ile e gg production , vm i ch sugge sted 

that at least some of the benefit s  fr om the buffer appl ied with both stored and 

fre sh seme n ,  and pos sibly while in the ov idu ct .  Locke ' s  and Tyr o de solutions 

and m ilk , did not produce s ignific ant variations in fertility or differ 
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systematically at low o r  high dilution r ates. Unfortunately ther e wer e no 

studi e s  on the total duration of fertility or the ovidu ct re act ion t o  repe ated 

dose s  of diluents ; e ither of which could have clarifie d  the main dilut ion effect . 

The evaluation of diluent s relie d  mainly on the r e sult s of semen 

stor age exper iments and to le ss ext ent on differences ob serve d in diluting fre sh 

semen . AB there were no striking advantage s in the fertility from fresh semen , 

the cho ice of diluent would partly depend on their availab il ity and e ase of 

prep aration. Pasteur ised milk is a phys iolog ic al solut ion which is generally 

available at an appropriate temperature , however milk vras suscept ible to micro­

bial and t emper ature induced change s which c ould affect sp ermato z oa function. 

Other prob lems in c oncentration e st imate s and dilut ion aro s e  from the similarity 

in colour and cons istency of miL1<: and semen . Tyrode and Locke ' s  solut ions 

were transparent and easily stor ed at 2
°

C. , but lacke d buffer ing capac ity and 

vmre lab orious to m ix vrith several inor ganic salts and a carbohydrate . 

Within the limit ations noted above the sodium-phosphate buffer had 

proved super ior for semen stor age . It vras easily mixe d fr on tno inorganic 

salt s  and stored at 2
°

C. without a deterioration in dilut i:1[; qu alitie s . 

Opt imal Utilisation of Semen. 

ation. 

This section is concerned with the preparation of semen for insemin­

It is often ne ce ssary to dilute semen in or der t o  obt ain a volume 

sufficient for use in sever al inseminations , particularly wher e the equ ipme nt 

can not c ope with small dose le vels. However dilution has been shown to affe ct 

fertility and this discus s ion outline s factor s  involve d  in compromising dose 

level and dilution r ate . 

Thr ee related aspect s of seme n modificaticn have been considered : 
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dilut ion r ate ; inse minat io n do s e ;  and spermatozoa number . 
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The de cline in fert ility wh ich acc ompanie d increas ing seme n  dilut ion, 

is cl e arly illustrated in Figur e 1 2. 

There are two obvious featur e s  shown in the gra.phs : firstly that 

fert ility decre ased mor e r apidly at the lower dose le vels ; and s e c o ndly , that 

little advant age was obtained at any dilut ion rate of a do se larger than 0. 1 ml. 

In all exper iment s e.n aver age dilut ion rate of 1/6 or gr e ater , pr o ­

duc e d  s ignific antly lower fertility th an the more c once ntr ate d  s ampl e s . Un­

diluted semen pr oduced the hie;l1e st f ertil it y  at al l  do s e  le vel s  but the dilut ion 

eff e c t  was not import ant until very small dos e s  wer e t e st ed. 

The ' medium ' dilut ions including 1/3 to 1/6 prove d  to b e  rel at ivey 

impor t ant at the do s e  le vels c ommonly app l ie d  in insemination. H iBher fert il ity 

was ob t aine d from a 1/3 dilution than a 1 /6 dilut ion in Expt s . 22 and 24 , how­

ever the difference was not modified by do s e s  ranging from 0. 05 ml. to 0. 22 ml. 

This therefore , could be cons i dered a dilut ion effect. In Expt . 26 wher e  a 

0. 025 ml . dos e  was used , the s ame gradu al decline in fertility from inc r e as ing 

dilut ion was ob served. 

l,Tore c omprehensive dat a has been ac cumulated on the c onse que nc e s  

of dilut ion. In Expt s . 23 , 2l,. , 25 , 26 and 27 , undilute d  senen pr o du c ed higher 

aver age ffertility t han any dilution of semen at the same do s e  level . 1,',1fl.ere 

the d os e  level was le ss than 0. 025 ml . ,  the dilution effe ct w2.s mos t  obvious . 

In Expt . 23, a dilut ion of 1/3 c aused a highly s ignific ant drop in fertility at 

the 0. 01 ml . dos e leve l ; howe ver in Expt . 25 where the s ame dose was te ste d at 

a 1/2 dilut ion , the fertility was maint ained at the undilut ed leve l .  The latter 

result is illustr ated in the upper graph of Figure 1 2 , and the f ormer in the 

lower graph. 'When the dos e  was reduc e d  t o  0.005 ml. , a s ig nificant de cline in 

fert il ity o ccurr e d  with a dilution as l ow as 1/2. 

In some c ase s the re sults could be interpreted with re sp e ct to 

spermat oz o a  c onc entration. Fr om Expt . 22 , with dos e s  ranging fr om 0.05 ml. t o  
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0. 22 _ m1. , the significant decline in f ertility o ccurred between 850 mill ion and 

51 0 million sp ermat o z o a  per millilitre . For the lower do s e  le vel s from 0.01 ml. 

t o  o. 05 ml. in Expt 23 , the dr op occurr ed betwe e n  5� 00 and 1,700 million sperma-

toz o a  per millilitre . In the 0. 005 ml . dos e  of Expt. 25 , the thr e sh old lay 

between 3 ,840 and 1 , 920 million spermatozoa per mil lilitr e . Pos s ibly the mos t  

v aluable re sult was obtained in Expt . 27 , wher e  c oncentrations varied wh ile the 

spermatozoa  numb er ir�eminate d re�aincd constant . Here the signific ant decl ine 

in fertility occurred betr1een 855 and 31 0 million spermatozoa  per millilitre . 

Apparently some of the detriment ul effects of di]_ut ion with small inseminations 

c an be count ered by increasing spermatoz oa number with a lar ger dos e . 

Unlike the r ate  of dilution ,  the insemination dos e  is re stricted by the 

pr actical limits to us ing small volume s of semen . Doses below 0. 05 ml . wer e 

inser.�inated relatively easily with a micropi:rette but ne eded at least 1 5% more 

t :i.me end r equ ired much more skill in both drawing in the cor::.,oct dose and in 

penetrating the vagina. Horrever the method would not be re r]u ired for the 

maj or ity of inseminat ions , but valuable for the fev.r c ase s of l ow volume 

e jaculations and high femo.lc to male mat ing r atios . For example in Expt . 23,  

865� fertility was obtained from an undilute d d o s e  o f  0. 01 ml. ,  but only 614� 

fertility from an 0. 05 ml . dose  of 1 /3 dilution, although the latter cont aine d 

more spermatoz oa. In Expt . 25 , 62% fertility was obt ained from 0. 005 ml . of 

undilut ed semen , ver s u s  7� from a 0. 05 ml . of 1/2 diluted semen which r e qu ir e d  

f ive time s the numb er o f  spermat ozo a. 

With in the 0. 05 ml . to 0. 22 ml . r ange of do se s applie d by syringe , 

the flu ctuation of r e su lt s  ob s cured cle ar fer til ity effe ct s. In Expt. 22 

higher f ertility was obt ained by doubling the 0.05 ml .  do se , but ther e was no 

advant age from this in Expt . 2.4. D ilution with milk in the f :ir st and buffer in 

the seco nd experiment , c ould have affected the r e sult s .  However the variat ion 

in pulle t e gg pr oduction would s eem to be re l at ively more impar'ta.nt ; 69% in 

Expt . 22 , and 8� in Expt . 24. It is pos s ible that the oviduct was better 
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equipped to sustain spermatozoa at the time of' maximum ovulation rate , and that 

the number of' sperm at ozoa inseminated was not so crit ical . Cons idering the 

fluctuat ions in ej aculate quality and ovulation r ate , it rrould be worthwhile to 

inseminate a maximum 0. 1 0  ml. do se , if the seme n is diluted. 

The signific ance of' using the best dilution and do se ratio possible , 

is cle a.r·ly illustrate d by the negligible association of spermatozoa number and 

f ertility. For example in Expt . 22 ,  87% fertility was pr oduce d  over e ight 

days with an est imated 1 70 million of 1/3 diluted spermat oz oa , but only 71% from 

1 87 million 1/6 dilute d  spermatozo a. In Expt . 23 , 865� fertility was obtained 

from 51 million undiluted spermatozoa over eight days , ver sus 64% fertility from 

85 million spermatozoa diluted to 1 /3. With the very low insemination dos e s  

applie d in Expt . 25 , as few as 1 9  million spermatozoa , e ither undiluted or 

diluted to 1/2 ,  pro duced more than 6� fertil ity over a seven day egg colle ct ion 

period. The sbarp decline in fertility by a reduction to 9. 5 million spermatozoa,  

indi cate d that either a dilution or volume effect could have been r espons ible 

becaus e the halving of the 0. 01 ml. dose , or diluting 1/2 of the 0. 005 ml. dose , 

both halved the spermat oz oa number . 

These results confirm the ne gligible relationship bet��en spermatoz oa 

number and fert ility , v.>hich is fre que ntly exp:- e s sed in the liter ature . However 

the situat ions with extremely low spermatozoa numbers or long periods of fertil ity 

testing, have not been r esolved by this study. 

No attempt was made to study the frequency of ins emination and the 

maintQilance of fertility, apart from ensuring that weekly inseminations were 

satisfactory with 0.05 ml. or 0. 1 0  ml. doses.  Expt. 28 was intended to show hhe 

de cline in fertility af'ter one 0. 1 ml. insemination, and as illustrated in 

Figure 1 3 ,  the fertility was held above 80% in the first e ight days . Although 

fertility in the control group fluctuated due to the small number of' replic ates 

used, weekly inseminations maint ained a level between 80% and 1 � Reports 
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Dissected ut ero vaginal region of fowl . 

parallel glandular vaginal fol ds surmounting the sphi ncter . 

uterus epithelium. 

non-glandular vaginal folds. 

( From :  Bobr , L . W . , Lorenz , F . W .  and O gasawara , F . X . , ( 1 964 ) . 
J .  R epro d .  Fertil . �' 39 ) .  Scale x 0.3  
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in the liter ature indic ate that more f'requent inseminations are only ne ce s sary 

when small dos e s  are us e d  or at a time of' low semen or e gg production. 

Throughout this study , the ab solut e l evel of' fertil ity was pos it ively 

correlated to the rate of egg produc tion. Reference has b e e n  made to this 

association in the review; but although mo st of the fertility trials and Expt. 29 

in part icular , con�irme d  the relationship , there was no just ification for 

determining causes and effects . 

Hethods . 

Artific ial insemination with the use of a syrince , deposite d semen 

intra-ve.ginally appro ximat ely 5 cm. f'rom the cloaca. The aver age ins eminat ion ,  

vmich included catching the pullet , depo sition and rel e ase ; occupied tv� 

operator s for thirty se conds. 

Pre paring the female was not diff icult and the re sults from Expt . 31 

indicated t hat fertility was unaff'e cted by pre-inseminat ion training. It would 

have been possible for the female s to reduce fecundity in two ways : fir stly by 

re sisting pre ssur e for ever sion which would prohib it penetr ation; or secondly by 

a decline in ovulation r ate which occurred as a re sult of' b e ing frightened or 

damaged in handl ing. Continued re sistance to pre ssure f'or evers ion rarely occ­

urred with b irds which were laying regularly ,  but the decline in e gg production c ould 

have been an import ant , if o cc as ional response to insemination. 

Intra-vaginal depo sit io n  of' semen was probably ohe of' the most cr it ical 

phases of' artific ial breeding which was not studie d. The cannulae were 

inserted gently with a pr onounced lateral searching act ion until a firm resistance 

encount ered signified the constr icted utero-vaginal junction , and the semen was 
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Infundibulal and uterovaginal glands. 

m id-chal aziferous region of infundibulum with spermatozoa­
containing gl ands in the corium . Scale x 75 
a magnif ied are a ,  indic ated by arrows , showing s permatozoa 
in the gl and s .  Scale x 325 
glandul ar vaginal folds w ith spermato zoa-c ont a ining glands 
in longitudinal section and cro s s-section. Scale x 75 
glands in longitudinal s e ction showing the paral lel 
arrangement of spermat ozoa. Scale x 325 

From : Bobr , L .W. , Lorenz , F . W. , and O gasawara , F . X. , 
J. Reprod. Fertil. � 39 ) .  



expelled af'ter the Bird has b e e n  r elaxed. It is doubtful whether the cannula 

always reached the proximal vagina and whether semen was partially sucked back 

when the tube was withdrawn. As spermatozoa apparently propel themselve s 

through the vagina and junctio n ,  it is reasonable to c::pe ct that a relatively 

larger proportion are liable to de struction or malfunct ion as the length of 

pas sage increase s .  This may be a biologic ally s ignificant phase of spermatoz o a  

selectio n  however , as semen i s  thought to b e  deposited in the mid-vaginal region 

dur ing natur al mating. 

S emen which adhered to the out s id e  wall of the cannula in being wiped 

off in the vagina , v�s a c onst ant but f luctuating source of dos e error . The 

ext ent of adhe sion depe nded on the viscosity of the seme n , the depth to which 

the c annula was plunged while b e ing refilled with semen , and the length of 

cannula which penetr ated in cl ose contact with the vaginal wall. This problem 

nas est imated to increase small do s e s  by up to 1 0()5��, ther efore the micro­

p ipettes were wiped prior to ins emination in the dose experiment s . 

A check on spermatoz oa funct ions� capacity following centrifugat ion 

at 460 R CF  f or ten minute s  was considered ne cessary follovring unsuc cessful 

attempt s at centr ifuge and dilution technique s f or semen stor age , which were 

des cribed in Section 3.3.  As centrifugation did not produce a change in fert­

ilising ab ility , it v�s as sumed that the te chnique s fo.ilcd due to an 

unsatisfactory preparation of antibiotics .  

Macroscopic examination for embryonic development of twentyfour hour 

incubated blastoderms , obtained very similar re sults to thos e  of a five day 

incubation and c andling method in Expt . 32. The slightly higher fertility 

from the former was ant ic ipat e d  from the small pr oport ion of embryonic deaths 

between the f ir st and f ifth days of incubation. It was appreciated that 

ne ither method detected all the fertilised e ggs and that the the oretical fert il ity 

was pr obably higher . This was of no c oncern in this study unle s s  the frequency 
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of pre-ovipos ital or early embryonic death s ,  was related to the treatments 

impo sed on the semen. Re cent report s  sugge st that fertilisation can occur in 

extrerrely unfavourable condit ions for both gamete s ,  but that development is 

often trans ient and abnormal and the detection of fertil ity r equ:ires a 

sophisticat e d  staining procedur e .  

The metho d adopted for th is study served adequat ely in compar ing the 

functional c apac ity of different bat che s of s emen. 
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C H A P  T E R  5• 

(X)NCLUSIONS . 

The Study. 

Research has been planned and undertaken Yrith very close attention to 

the literature . The experiment s were either a check of re search materials and 

methods or an extrapolation of the published work for practical application in 

Hew Zealand. 

In the field of semen release and collection, the study has progressed 

beyond the largely mechanical avian appro ach and drawn from experiences in 

mammalian artific ial breeding and avian psychology. However the two remaiiliilg 

fie lds of semen stor age and preparation f or insemination, have been restricted 

by limitations of facilit ie s  and specialise d  knowledge. 

Conclusions are based almost entirely on analyses of results from 

fixed para.maters , at the 1%  and 5% probability levels , nith occasional reference 

to le ss significant result s which have contributed to the general conclusion. 

This approach was at once safe and inade quate : statistical significance did 

allow the results to be interpreted with some certainty and reveale d  interactions 

betwe en the main factor s ,  yet some analyse s ,  particularly correlations , were 

nonse ns ic al and l iable to detract value from other results. The points labelled 

in e ach exper iment al section were almost entirely significant results , but this 

r igid approach was modif ie d by illustrat ing the main findings graphically. 

Some exper ime nt s suffered from a lack of ob ject ivity. Semen 

pro du ction studie s were as ses sed by a few e jaculation respons e s ,  themselve s 

liable to other e nvironmental influe nce s  which could not b e  measured or alw�s 

recognised. The same fault applied to some seme n .stor age exper iment s :  the 

per centage of fertile e ggs produced was not ne cessarily a measur able effe ct 



wholly c aus e d  by a cert ain tre atment of semen in ill!£• 

In retco spect , the cho ic e of factor s to be te sted in the semen 

pro du ction experiment s was inade quate . In the nutrition t r ial some overwhe lming 

envir onment al influence s  diluted down the inter pre tation of the r e sult s unt il 

they could o nly vague ly conf irm some c onclusions in the liter ature . 

temperatur e and age of sto ck studie s f oundered for s imilar r easons. 

L ight , 

Seme n storage c ould have b e c ome an advanced study on its own , ther efore 

a c ompr omise was ado pted whereby thi s  aspe ct was studied at an element ary level 

conc erned with commerc ial s ituations and mater ial s , and the re sults interpr eted 

from published work. 

Ins eminat ion e:A--periment s  avo ided the main fault s of semen produ c t ion 

and storage studie s ,  becau s e  the tre atment s were generally pr e c ise and rele vant , 

and the re sults cle arly demonstrated by the main cr iter ion of fertil ity . 

The Interpre t ation. 

Cockerel sp crmat ogererls pro ceeds at a high r o..tc  o..nd funct ional 

spermat oz oa c an  be c ollected vdth very litt le effort c ompar ed to do�e stic 

mammals . In the ab s ence of any inform at ion t o  the c ontr ary , app arent ly the 

light ing pattern, r e ar ing c ondit ions and die t wh ich su cce ssfully br ing female s 

to e gg produ ctio n ,  suffice for male semen pr o du c t ion. Dietary , dise ase , light 

and temper ature leve l s  are thought t o  influenc e the per s istence of b o th semen 

produ ction and release . 

Where c oc ke r e l s  are indiv idually c age d, semen c an be colle ct e d  in t he 

following manner . O ne oper ator dre s sed in familiar apparel should appro ach 

the cage s from the usual direction and pro c e e d  t o  work thr ou gh  the cocke rels in 

the usual seqqence . The b ir d  c an be t aken completely out of his cage , mas saged 

with one hand and the e j acul at e d  s emen caught in a tube by the other , and the n  

gently returned t o  his c age . The ej aculate nee d  not be prot ected from cold shock 

or light , but c ontamination from dirty e qu ipment or atmospher ic dust should b e  
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avoided. 

The functional capacity of normal spermat o z oa is retained with stat ionary 

storage at approximate ly 1 0
°

C. in a dark r oom ; the main obje ctive is to depr e s s  

the light or thermal activation of spermat oz oa metabol ism. If the semen is t o  

b e  diluted f or insem inat ion , it is pr efer able t o  dilute imme diately after 

c olle ct ion. The retention of fertil is ing capacity is partly dependent on the 

inher ent quality of the spe1•mat oz oa and seminal plasm a, but Ylher e the inseminat ion 

is ex:pe c�ced to pr oduce one wee k ' s fertile eggs , semen c an b e  :::; o.t isfactor ily held 

in vitro for one to four hour s at 1 0
°

C. A low dilut ion rrith so dium-pho sphate 

buffer app arently r educ e s  the deter ior ation of spermat o z oa funct ion. 

In the rather unusun.l c ir cumstanc e s  of ov er -night storage , semen can be 

dilut e d  to between 1/2 and 1/4 in buffer , mixe d  thoroughly, then al lowed to rem ain 

a.t 1 0
°

C. with fre e  gas exchange . 

Pr ior t o inseminat ion semen is prep ared in a form c onnensurate with the 

main ob jective of the fert il isation; this could differ acc ording to the 

fre quency of insemination, the availab ility and character is tics of semen , or the 

in vitro age of th e spermat o zoa . The perform ance of s tored s emen is enhanc e d  by 

the addition of 2. 5 mt;./ml. o f  fructose just pr ior to insemination. I n  general 

it is benef icial to inseminate fre sh seme n in the most c oncentr at e d  form 

pract ic abl e. For dilution r ates of up t o  1/6 , an insemination dose betwe e n  0. 05 

ml. and 0. 1 0  ml.  deposited intra-vaginally every seventh day, has pr oved suff icient 

t o  avoid s ignific ant daily fluctuation in fertil ity. Ho\o;e ver the preparation of 

s emen and fre quency of insemination must be adapted t o  the special characteristic s  

o f  t he  stock ; in particular the state of egg production and spermatogene s is , the 

age and artif ic ial bre eding history of the stock, and the s permatozoa fert ilising 

pot ential. 

Seme n is depos it e d  from a cle an gl as s  cannula or pipette to a depth 

of thre e  to s ix  cent ime tr e s , in the e verted distal vagina. A longer duration 
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of fertility c an be obtained if spermato zoa are deposited s oon after ovipos it i on; 

in pract i ce th is ge nerally me ans insemination between 1 300 and 1 700 hour s ,  wh ich 

is advantage ous from the semen colle ctio n and inseminat ion aspe ct s .  

Fertile egg production c an be expecte d  from t he  f ir s t  o vulat ion 

following art ific ial inseminati on , and under the many c ondit ions pre s cribe d ab ove , 

the fert ility from f r e sh s emen should not decline signific antly in the fir st 

e ight days . 

The Fh ilo s ophy. 

Art if ic ial breeding is an unavo idable co nsequenc e of the caged hous ing 
of poultry. Cons ider ing the exparrling r ole of art if ic ial bre e ding with farm 

animals and th e accrued advant age s  arrl knowledge , it is reas onable to e xpe ct 

benefit s  far gre at er than the t e chnical succ e s s  of semen transfer , with poultry 

as we ll . Re se ar ch int o avian repro duct ive physiology has b e e n  r emarkably 

meagre and incohe sive , but the co�er c ial demand for art ific ial breeding has 

ne ce s s it at e d  an ob j e c t ive study of f owl spermatozoa and · J.:eir r e qu ireme nt s in 

transfer fr om the male to female . 

Some pr oblems in artific ial bree ding are pe cul iar t o  the f owl and 

in the ab sence of comparable result s  from manunals , res ear ch into spermatozoa 

requirement s l::!! vitro and in the ovidu ct ,  is becoming incre as ingly vital. Of 

prime import ance is the question of whether to deliber ately sustain or depress 

spermatozoa metabolism during stor age above free z ing temper ature s .  With the 

discover ie s of spermatozoa storage glands in the oviduct , many of the proc edures 

in semen s tor age and the sit e  of ins eminat ion , need t o  be critically re-examined. 

The divergence of approache s in the recent lit er ature sugge sts that this is 

happe ning alre ady ;  research has been dire cted toward t he  s ite s ,  and c apacity 

of the uter o-vaginal glands to ac cept , support and release spermato z oa. 

The apparently satisfactory methods of s eme n  colle ction de s cribed in 



this the s i s  could al s o  r e qu ir e  a revaluat io n ,  as a more c o ns istent fluid fr action 

will almost cert ainly be requ ire d  with pre c is ely c ontrolle d  stor age e nviron-

ment s .  It i s  doubtful ut pre sent whether th is problem should b e  t ackled by a 

change in c ollect ion te chniqu e s  or by separating the spermatozoa and flu id 

fractions prior t o  stor age . As avian seme n is c olle cted relatively easily yet 

doe s not clo s e ly re semble u natural e j aculate , ther e is obvious potent ial in the 

lat ter method. The methods of hous ing and feeding c o ckerels for maximum 

sper mato gene s is have not been ade quately inve stigated, bu-t gener al ly improvise d 

from t he methods adopted f or c aged pulle t s . 

All r e s e ar ch in av ian art if ic ial bree dinc mus t  · ,c rolat e d  to the 

significanc e of any phase of the 1� o cedur e . Cons ider ing the rel atively r apid 

genetic pr o gr e s s  po ::;s ib le with the fowl and the mult ipl ic ity of bree ding ob je ct­

ive s , it may be uneco nomic to e stabl ish semen b an_'l(s in u comme rcial. organis at ion. 

Howe ver there is a ne ed for satisfactory methods of storing and tr ansporting 

avian seme n for several days in vitr o .  

The homogrunetic status o f  avian spermat ozoa has prohibited the 

experiment al modif ic at ion of sex r at io s , wh ich is a potent i ally import ant 

char acter ist ic of dome st ic mammals . 

There is little doubt that r e s e arch will eventual ly c larify the 

rel ationship betwee n s permat ozoa morphology and function.. '\'/hen this occur s , all 

thr e e  phas e s  of art if ic ial breeding c ould well be redir ected from a pre-occupat ion 

with seme n E. � to the unit spermat oz o on. 
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TABLE 1' .  Nutritional effe ct s on semen production. 

Aver aged volume of two s emen collect ions in mill ilitres 
F actors : ration {4) x breed ( 2 )  x period (6 ) ;  5 cockerel replications 

ReEl ications Tre atment 

Rat ion Per iod Breed 1 2 3 4 5 Sum Mean - -

A 1 WL · 35 . 65 · 53 . 1 8  . 20 1 .  91 . 382 
AO . 97 1 . 32 . 68 .43 . 1 8  3. 58 • 71 6 

2 WL . 58 .85 .68 . 25 . 25 2. 61 . 522 
AO 1 .00 1 . 35 . 95 · 55 .os 3. 90 . 780 

3 WL . so .83 .70 · 43 . 23 2. 69 . 538 
AO 1 .00 1 .  73 . 98 . 60 . 1 3 4.41-f- . 888 

4 WL . 25 .68 ·73 . 23 . 1 5 2. 04 . 408 
AO . 98 1 . 35 . 90 · 55 . 23 4. 01 . 802 

5 WL . 28 . ss . 63 · 33 . 20 2.02 . 4.04 
AO 1 .03 1 . 28 .83 .45 . 1 8  3.77 · 754 

6 WL . 1 8  .68 . 53 · 33 . 1 5 1 . 87 · 374 
AO · 73 1 . 1 0 .65 . 23 . 20 2. 91 . 582 

B 1 WL .47 . 62 .4-3 . so . 25 2. 27 .454 
AO 1 . 1 8  .70 .45 .88 . 70 3. 91 .782 

2 WL . 60 . 68 .38 . so . 23 2. 39 ·478 
AO 1 .  55 · 75 . 30 .85 .40 3.85 .no 

3 WL . so · 53 · 35 . 58 . 20 2. 1 6  ·432 
AO 1 .45 . 78 . 50  .so .88 4.41 .882 

4 iVL . 70 · 53 . 30 . 58 .30 2.41 .lt-82 
AO 1 .h5 .68 .48 .83 . 4 -5  3.89 . 778 

5 WL . so .63 .38 .48 . 20 2.1 9 .438 
AO 1 . 1 0  . 58 ·35 • 73 . 35 3. 1 1  . 622 

6 WL .40 · 55 . 23 .38 .20 1 .  76 - 3SS 
AO . 95 .40 · 30 ·75 · 53 2. 93 . 586 

c 1 V/L . 1 8  . 20 . ss .68 ·35  1 . 99 . 398 
AO . 60 .87 .70 .58 .62 3· 37 .674 

2 WL . 25 . 23 ·73 .80 ·43 2e4lf- .4.88 
AO ·75 .68  .83 .78 • 78 3. 82 .764 

3 WL · 30 . 1 5 . 53 .88 .43 2.29 .458 
AO .70 .75 .ss .70 . 85 3. 85 . no 

4 WL . 1 0  . 08  .45 .68 .30 1 . 61 . 322' 
AO . 20 .68 . 90 ·75 .85 3. 38 .676 

5 WL . 1 5  . 1 0 · 53 .60 . 23 1 .61 . 322 
AO · 55 .60 .60 . 60 .83 3. 1 8  . 636 

6 WL . 08  . 23 ·30 .65 .40 1 .66 · 332 
AO · 53 .58 . 28 .48 .so 2.37 .474 

D 1 WL .47 .43 1 . 1 5 . so . 20 2.75 . sso 
AO .98 .72 .87 . 95 1 . 1 0  4.62 . 924 

2 WL . ss .4.8 1 . 20 .65 .40 3. 28 .656 
AO 1 . 1 0  .83  1 . 1 S 1 .25 . 95 5.28 1 .056 

3 WL · 53 .43 1 .30 .60 .25 3.1 1  . 622 
AO 1 . 23 .7S 1 .03 1 .  75 1 . 1 5  5. 94 1 . 1 SS 

4 WL ·50 .40 1 .23 .63 .S3 3e 59 .71S 
AO 1 . 25 .8o .ss 1 .1 5 1 . 20 5e25 1 .050 

5 WL . so e35 1 . 1 3 .48 .20 2.66 . ·532 
AO 1 . ,38  ·73 .ss 1 . 00  1 . 1 5  5e 1 1! 1 .022 

6 WL · 35 .40 1 .1 0  .30 .23 2.38 e476 
AO .S3 .65  ·73 .so . 95 3. 96 .792 

32.76 31 . 9S 33..1 1  30.66 22.02 1 50. 53 

Contimled • •  • •  



T.ABLE 1 Continued • • • •  

Analysis of Variance. 

Source df' Sum square Mean square F test 

Breed (B ) 1 6 .39 6. 39 81 . 92** 
Period (P) 5 1 .30 0. 260 3·33** 
Ration (R) 3 2. 53 0.843 1 0.81 ** 
RP 1 5  0. 1 9  0.01 3 NS 
BP 5 0. 1 9  0.038 NS 
RB 3 0. 16  0.053 NS 
RBP 1 5  0. 1 5  o.o1 o NS 
Replications 4 , • 78 
Error 1 88 14.60 o.o78 -
Total 239 27. 29 

Comparison between means. 

Ration n. o5 
= 0. 1 307 

n.o1 = 0. 1 584 

Breed n. o5 
= 0. 0706 

n. o1 = 0.0928 

Per iod n.o5 
= 0. 1773 

n. o1 = 0. 2094 

\ 



TABLE 1 .  

B .  Feed c onsumption and live weight , averaged over five cockerels 
per treatment . 

Ration 

Breed 

lb Feed cons . 
Calorie cons •. 

lb Prot. cons. 
lb Prot./day 
lb initial 1 wt . 
lb fihaJ. L Wt . 
% chng L Wt. 
Cal/lb L Wt . 
lb Prot/lb L wt .  

% er Prot. 
Cal MF/lb 
% casein 
% sugar 
% sawdust 

C/P 

A 

WL AO 

B 

VIL J.£) 

c 

WL AO 

D 

vVL AO 

1 5· 5 1 7. 5 1 4-· 4- 1 7. 2 1 7. 7 1 6 • 9 1 4-· 7 1 6 • 3 
1 4-,625 1 6 , 536 1 8 ,665 22, 352 1 6 ,725 1 6 ,025 1 9 , 1 07 21 , 1 05 

1 . 61 1 .82  1 • .50 1 . 79 2 .88 2 .76 2. 4-0 2. 65 
. 0328 .0372 . 0306 . 0366 . 0588 . 0564- . 04-90 . 054-1 

5. 72 7.88 5· 50 8.04- 5.74- 8 . 36 6. 04- 8 . 38 
5. 84- 8. 1 0  5. 66 8 .64- 5.88 8 . 38 6. 08 8 . 92 

+ 2. 1 + 2. 5 + 2. 9 + 7- 5 + 2.4- + 0. 2 + 0.7 + 6.4-
2, 524- 2,098 3 ,34-6 2 ,689 2,873 1 , 927 3 , 1 73 2 ,4-56 

. 278 . 230 . 263 . 21 6  . 4-96 . 332 . 398 . 307 

1 0. 35 1 0. 35 1 6. 30 1 6. 30 
94-6 1 298 94-6 1 298 
1 1 8 8 
7 27 0 20 

20 0 20 0 
90 1 25 58 80 



TABLE 1 .  

c. Spermatozoa per ejaculate in millions , of the f irst and l ast 
collections . 
Factors : ration (4) x breed ( 2 )  x collection ( 2 ) ;  5 cockerel 

replications. 
REPLICATIONS 

Ration Colln. Breed 1 2 3 4 5 Sum 

A 1 WL 1 ,560 3465 2365 1 350 1 775 1 051 5  
AD 31 00 4950 3500 1450 21 0 1 321 0 

2 WL 693 1 837 2871 1 533 1 020 7954 
AD 3705 2090 1 250 575 350 7970 

B 1 WL 1 755 1 430 1 360 2385 480 741 0  
AO 5900 2380 2380 4COO 2380 1 7040 

2 WL 1 930 1 554 620 1 141 544 5789 
AD 4560 780 600 2730 495 91 65 

c 1 WL 440 885 1 7 1 0  21 70 1 200 6l�05 
AfJ 1 500 31 00 2430 2800 1 740 1 1 570 

2 WL 1 8  378 1 242 470 876 2984 
AO 675 3640 31 5 1 925 1 680 8235 

D 1 WL 900 2380 4050 760 1 50 8240 
AO 4000 3480 2700 490 3930 1 4600 

2 WL 992 1 520 3608 91 2 288 7320 
NJ 3230 21 60 2700 900 2600 1 1 590 

Sum : 34958 36029 33701 25591 1 971 8 

Analysis of Variance.  

Source .  df .  � MS. 

Breed (B ) 1 1 6 ,893 ,977 1 6 ,893 , 977 
Collection ( c )  1 9,788 ,1 04  9,788 , 1 04 
Ration (R ) 3 4,764,768 1 , 588 ,256 
R . C 3 81 7 ,800 272 ,603 
B C 1 1 ,495,224 1 ,495, 224 
R.B 3 3,005,808 1 ,001 ,936 
R B C 3 1 , 038 ,020 346 ,007 
Replications 4 1 2,486 ,676 3,1 21 ,669 
Error 60 79,299,71 0  1 ,321 ,662 -

Total 79 1 29 ,590 ,095 

-

Mean 

21 03 
2642 
1 591 
1 594 

1 482 
3408 
1 1 58  
1833 
1 281  
2314 
597 

1 647 
1 648 
2920 
1 464 
231 8 

F test 

1 2.78 .... 
7.41 .... 

N. S. 
N. S.  
N. s. 
N. S.  
N. s. 
N. s. 



TABLE 2. Extra artif ic ial l imt on seme n  rele ase . 

Semen v olume s in millil itr e s  summed over f ive male s per subgroup. 
F actors : l ight regimen ( 2 )  x group ( 2) ; 6 repl ications per tre atment . 

Group 

Re p s  

1 
2 
3 
4 
5 
6 

7 
8 
9 

1 0  
1 1  
1 2  

Anal;z:s is of Varianc e .  

Source 

Light tre atment 
Group 
Repl ications 
Error 

Tot al 

I II 

A B 

1 . 34 1 . 1 8  
1 .�-5 . 99 
1 . 07 . 90 
1 .39 . 94 
1 . 45 1 . 32 
1 . 50 1 . 1 3 

B A 
1 . 23 1 . 28 
1 .  39 1 .37 
i .75 1 . 1 3  
1 . 1 2  1 . 61 

. 96 1 . 1 3 
1 . 1 8  1 . 23 

df Sum sgua.re 

1 0. 144 
1 0. 1 09 

1 1  0.422 
.1Q 0.388 
23 1 .063 

Sum 

2. 52 
2.44 
1 .  97 
2. 33 
2 .77 
2. 63  

2. 51 
2. 76 
2. 88 
2.73 
2. 09 
2.41 

Me an s9u ar e  

0 . 1 44 
0. 1 09 
0. 038 
0. 039 

Light Tre atment 
Sum A =  1 5. 95 
Sum B = 1 4. 09 

F test 

IfS 
NS 



TABLE 3 Comparing diluents. 

Percent fertile eg�s layed on 2nd to 5th day after insemination. 
Factors :  diluent (4) x Breed ( 2 ) ; 8 pullet replications. 

Trt. 1 2 3 4 5 6 7 8 

Diluent Locke ' s Tyrode Milk Undiluted . 

Bre ed WL .AO WL AO V'lL AO V/L MJ 

1 1 00  1 00 1 00 0 1 00 67 1 00 75 
2 75 1 00 67 1 00 1 00 1 00 75 67 
3 67 1 00 75 1 00 - 1 00 1 00 1 00  
4 1 00 1 00 33 1 00 1 00  67 1 00 75 
5 1 00 1 00 67 1 00  1 00  1 00  1 00 67 
6 1 00 33 1 00 75 67 1 00 1 00 1 00  
7 67 1 00 1 00 67 50 1 00  75 1 00 
8 67 0 1 00 1 00  - 1 00 1 00  1 00 

Sum 676 633 642 642 51 7 733 750 683 
Mean 84. 5 79. 1 80. 3 80.3 86.2  91 .6  93. 8 85.4 

Fert. eggs 21 1 9 20 21 1 6  25 25 25 
Total eggs 25 23 25 25 1 8  27 27 29 
Trfd. mean 73. 1 71 . 9  70.6 70.6  76.0  81 . 2  82. 5 73-7 

Analysis of Variance . (percentages transformed t o  angles ) .  

Source . df .  Sum square.  Mean square. F test. 

Diluent 3 773 258 NS 
Breed 1 23 23 NS 
Interaction 3 400 1 33 NS 
Error � �0.44� 544 
Total 63 31 ,639 



TABLE 4• Dilution rates .  

Percent fertile eg9s layed on 2nd to 8th day after insemination. 
Factors : diluent (2)  x dilution rate (4) ; 5 pullet replications. 

Trt. 1 2 3 4 5 6 7 8 

Diluent Milk Tyrode 

Dil. rate 1/3 1 /6 1/1 2  1/1 8  1/3 1/6 1/1 2  1/1 8  

1 1 00 83 83 50 1 00 80 60 40 
2 83 83 1 00 1 00 83 1 00 50 75 
3 1 00 67 83 50 1 00 80 30 40 
4 80 0 1 00 30 1 00 80 83 1 00 
5 83 1 00 60 83 1 00 17  1 00 0 

Sum 446 333 426 31 3 483 357 333 255 
Mean 89. 2 66. 6 85. 2 62.6  96.6  71 .4 66. 6  51 . 0  

Fert. eggs 27 20 24 1 9  28 17  1 7  1 2  

Total eggs 30 29 28 30 29 25 27 25 
Trfd. mean 75.0 55· 3 72.4  55.8 85. 1 60. 9 56. 9  45.7 

Analysis of Variance. (percentages transformed to angles ) .  

Source df. Sum square . Mean square. F test. 

Dilution rate 3 
Diluent 1 
Inter action 3 
Error 2,g_ 
Total 39 

4,676 
59 

1 ,1 36 
17,351 
23,222 

Comparisons between transformed means. 

D. 05 (dilution rate ) = 28 .26 

1 ,559 
59 

379 
542 

2.9* 
NS 
NS 



TABLE 5. Dose and dilution rate combinations. 

Percent fertile e�gs layed on 2nd to 8th day after insemination. 
Factors : male (2)  x dilution rate (4) ; 5 pullet replications . 

- �-

Trt. 1 2 3 4 5 6 7 8 
Male WC AO 

Dil.  Rate 0 1 /2 1/1 0  1/_20 0 1/2 1/1 0 1/20 
1 1;00 60 0 0 1 00 80 0 �0 
2 1 00 71 0 0 1 00 86 1 7  40 
3 1 00 1 00  0 0 80 1 00  1 7  0 
4 83 1 00 0 0 1 00 1 00  0 0 
5 40 1 00 0 20 1 00  1 00  0 0 

� 

Sum 423 431 0 20 480 466 34 90 
Mean 84.6 86. 2 0 4. 0 96.0 93. 2 6.8  1 8. 0  

Fert. eggs 22 25 0 1 28 22 2 5 
Total eggs 26 29 27 24 29  24 23 28 
'Trfd. mean 75.0  75. 6 0 5· 3 84. 7  80. 3 9.8  1 6 . 8  

Anal;z:sis of Variance . ( percentages transformed to angles ) .  
Source df Sum sg,uare 
Dilution rate 3 50,499 
Male 1 793 
Interaction 3 66 
Error .2,g � Total 39 59, 79 

Comparisons among;t;'tra.nsformed means : 

D. 05 (dilution rate ) = 1 9. 58  
D.01 (dilution rate ) = 24.48 

Mean sg,uare F test 
1 6 ,833 64.7** 

793 NS 
22 NS 

260 



TABLE 6. Insemination techniques and training for pullets. 

Percent fertile eggs layed on 2nd to 8th day after insemination. 
Factors : breeds ( 2 )  x handling method (4) ; 5 pullet replicarions . 

Trt. 1 2 3 4 5 6 7 8 ' 

Breed WL AO 

Method Semen Water Sham Nil Semen Water Sham Nil 

1 83 83 1 00 1 00 1 00 80 67 1 00 
2 83 1 00  1 00 71 1 00 1 4 1 00 80 
3 1 00 1 00 1 00 1 00 1 00 1 00 86 1 00 
4 1 00 0 83 1 00 1 00 1 00  1 00 1 00 
5 1 00 1 00 1 00 1 00 1 00 1 00 1 00 50 

Sum 466 383 4.83 471 500 394 453 430 
Mean 93.2  76 . 6  96. 6  94. 2 1 00. 0 78 .8 90.6 86. 0  

Fert. eggs 31 21 22 28 26 18  26 23 
TotaJ.. eggs 33 28 23 30 26 25 29 26 
Trfd. mean 

AnaJ..ysis of Variance .  (percentages transformed to angles ). 

Source df MS ss F test 

Breed 1 0 0 NS 
Method 3 1 ,522 507 NS 
Interaction 3 437 1 46 NS 
Error E 81 2622 2, 551 
Total 39 83,581 



TABLE 7• Dose and dilution rate combinations. 

Percent fertile eggs layed on 2nd to 9th day after insemination. 
Factor s :  dilution rate ( 3 )  x dose inseminated ( 3 ) ;  8 pullet replic­

ations. 

Trt . 1 2 3 4 5 6 7 

Dose (ml) 0.05 0. 1 0  

Dil. rate 1/3 1/6 1/1 0  1/3 1/6 1/1 0 1/3 

1 83 0 20 88 40 50 1 00  
2 33 75 25 86 1 00 43 1 00 
3 80 1 00 50 1 00 83 0 86 
4 88 67 0 1 00 0 0 80 
5 67 1 4  1 4  1 00 50 1 7  1 00 
6 1 00  57 29 57 50 33 71 
7 83 40 0 1 00 1 00 67 1 00 
8 29 1 00 40 67 83 67 50 

Sum 563 453 1 78 698 506 277 687 
Mean 70.4  56 . 6  22. 3 87.3  63. 3  34.6 8 5. 9  

Fert . eggs 34 22 1 0  39 23 1 7  29 
Total eggs 48 45 46 45 37 49 33 
Trfd.mean 59. 6  50.6  24.4 75. 2 55. 1  31 . 9  74. 2 

Analysis of Variance. (transformed percentages ) . 

Source . df .  Sum square . -
Dilution rate 2 1 8,822 
Dose 2 1 ,776 
Interaction 4 263 
Error §2. 35.51 1 
Total 71 56 ,372 

Comparison between transformed means : 

n.05 = 1 5. 52 

D. 01 = 1 9. 59 

Mean square. 

9 ,41 1 
888 
66 

564 

8 9 

0.22 

1/6 1/1 0  

1 00 25 
1 00  1 7  
67 0 
86 83 
83 43 
67 67 
0 83 

67 0 

570 31 8  

71 . 3  39.8 

31 20 

42 53 
59. 8 35. 2 

F test. 

1 6.69** 
NS 
NS 



T.ABLE 8.  Small dose and dilution rate combinations. 

Percent fertile eggs layed on 2nd to 9th day after insemination. 
Factor s : dilution rate ( 2 )  x dose inseminated (3 ) ; 8 and 1 6  

pullet replications. 

Trt. 1 2 3 4 5 6 

Dose (ml. ) 0.01 0  0.025 0 .05 

Dil. rate 0 1/3 0 1/3 0 1/3 

1 50 1 00 - 86 80 1 00 80 1 00  83 
2 83 1 00 0 1 00 1 00  6 60 1 00  30 
3 67 1 00 0 83 1 00  20 - - 50 
4 60 1 00 0 1 00  1 00 86 1 00 1 00 83 
5 67 67 6 1 00  1 00 86 1 00  1 00 1 7  
6 1 00 1 00 40 67 1 00  80 1 00  1 00 -

7 1 00 1 00  71 1 00 1 00 1 00 1 00  1 00 86 
8 83 1 00  0 1 00 1 00  0 50 1 00  1 00 

Sum 1 ,377 1 17 1 , 51 6 478 1 , 290 449 
Mean 86. 1 1 6. 7  94. 8 59.8 92. 1  64. 1 

Fert. eggs 72 8 94 29 72 24 
Total eggs 83 36 99 43 78 37 

Trfd. mean. 75. 1  1 7.�- 83. 3  52. 5 81 . 0  55·7 

Analysis of Variance . (transformed percentages ) .  

Source df. Sum s9.uare . Mean sg,u are . F test. 

Dilution rate 1 22 , 989 22 ,989 55· 71 *"' 
Dose 2 4�568 2,284 5. 541)* 
Interaction 2 3,270 1 ,635 3,97* 
Error 62 25,542 41 2  
Total 67 56 , 369 

ComEarisons between transformed means : 

n.o5 (diluti on rate ) = 9. 23 

n.01 ( " " ) = 1 2. 28 

n.o5 (dose ) = 13 .52 
D .01 ( " ) = 17. 03 
n.o5 ( inter action) = 23.56 
n.o1 ( " ) = 28. 20 



TABLE 9. Small dose and dilution r ate combinations. 

Percent fertile e�gs layed on 2nd to 8th day after insemination. 
Factar' s :  dose ( 3) x dilution rate ( 2 ) ; 1 0  pullet replications. 

Trt.  1 2 3 4 5 

Dose (ml. ) 0.005 0.01 0 o. oso 

Dil. rate 0 1 0 1 0 2 2 

1 1 00  71 1 00  43 1 00 
2 1 00 0 60 1 00 1 00 
3 0 0 86 43 0 
4 86  1 7  1 00  1 00  80 
5 - 33 - 1 00  1 00  
6 0 - 57 0 1 00 
7 0 20 1 7  86 1 00  
8 86  50 1 00  33 1 00  
9 1 00 14 0 - 1 00 

1 0  83 29 67 83 0 

Sum 555 234 587 588 780 
Mean 61 .7  26.0  65. 2  65. 3  78 . 0  

Fert. eggs 35 1 3  36 34 50 
Total eggs 54 51 55 55 61 
Trf'd. mean 52.4 27. 0 57· 5  57. 9  69. } 

Analysis of Variance. (transformed percentag�s ) . 

6 

1 
2 

1 00  
60 
86 

1 00  
1.00 
1 00 
43 
33 
0 

1 00 

722 

72.2 

39 

56 
64. 5 

Source df .  Sum sguare . Mean s!Eare F test 

Dose 
Dilution rate 
Interaction 
Blocks 
Et-ror 
Total 

2 
1 
2 
9 

lt1 
55 

7 , 1 72 
1 �335 
1 �687 

1 3�090 
40,057 
63�341 

Comparison between transfc:rmed means, 

D. 05 = 24.88 

D.01 = 31 . 57 

3 �586 3.67* 
1 �335 NS 

824 NS 
1 �454 NS 

977 



TABLE 1 0. Comparing diluents. 

Percent fertile eggs layed on 2nd to 8th day after insemination. 
Factor : 3 diluent s ;  1 5  pullet replications. 

Diluent Tyrode Milk Buffer 

1 1 00 67 1 00  
2 1 00 29 1 00 
3 0 71 83 
4 57 57 1 00 
5 57 83 0 
6 83 83 1 00 
7 67 67 83 
8 60 1 00 1 00  
9 1 00 80 1 00 

1 0  1 00 1 00 1 00  
1 1  1 00 1 7  1 00  
1 2  60 1 00 1 00 
1 3  1 00  83 83 
1 4 83 0 1 00  
1 5  1 00  0 1 00 

' 

Sum 1 ' 1 67 937 1 , 349 
Mean 77.8 62. 5 89. 9 

Fert . eggs 69 54 78 

Total eggs 90 90 87 

Trfd. mean 67.7 53. 6 79. 1  

Analysis of Variance . (transformed percent ages ) . 

Source df. Sum square Mean square F test 

Between diluents 2 
Error 42 
Total 44 

4,91 9 
29,1 98 
34,1 1 7 

Comparison between transformed means : 

n. o5 
= 23. 39 

2 ,460 
695 

3. 54 
NS 



TABLE 1 1 . Dilution effect with small doses inseminated. 

Percent fertile eggs layed on 2nd to 8th day after insemination. 
Factor : 4 dilution rates ;  1 6  pullet replications. 

Dilution rate 0 1/2 1/3 1/4 

1 50 63 43 40 
2 85  88 67 75 
3 57 71 1 00 67 
4 83 43 29 0 
5 85 25 1 00 50 
6 88 75 1 4 33 
7 83 63 so 0 
8 1 00 83 63 43 
9 0 80 38 67 

1 0 86 0 so 0 
1 1  83 63 so 63 
1 2  83 75 40 0 
1 3  1 00 88 0 83 
1 4 80 0 0 43 
1 5  1 00 20 85 57 
1 6  1 00  60 83 57 

Sum 1 , 263 897 81 2 678 
Mean 78. 9  56 . 1  50.8 42 . 2  

Fert eggs 86 64 56 47 
Total eggs 1 07 1 1 1  1 1 2  1 1 2  

Trfd. mean 65.8  47. 0  45.5 36.7 

Analysis of Variance : (transformed percentages )  • 

Source .2£.• Sum square Mean square F test 

Between 
treatments 3 7 , 1 72 

Blocks 7 5,574 
Error 2.l 2:Za222 
Total 63 40,001 

Comparison between transfar�red means• 

= 21 . 20 

= 

2,391 
796 
514 



TABLE 1 2. Diluents and dilution rate c omb inations. 

Percent fertile eggs layed on 2nd t o  9th day after inseminat ion. 
Factors : diluent (2)  x dilution rate ( 2 ) ;  8 pullet replicat ions. 

Trt. 1 2 3 

Diluent Milk 

Dil. rate 1/2 1/1 0 1/2 

1: 43 0 67 
2 1 00 71 0 
3 1 00 50 1 00 
4 1 00  0 1 00 
5 86 63 33 
6 88 1 00 43 
7 86 1 2  75 
8 1 00 0 1 00 

Sum 703 296 51 8  
Mean 87. 9  37. 0 64.8 

Fert. eggs 48 21 34 
Total eggs 55 56 53 
Trfd. mean 75.8 33. 2 57.6  

Analysis of Variance. (transforrood percentage s ) .  

4 

Tyrode 

1/1 0  

14  
0 
29 
1 4  
86 

1 00  
1 00 
75 

41 8 
52.3 

21 
49 

48. 1  

Source df. Sum square Mean sguare F test 

Diluent 1 22 
Dilution rate 1 5 ,458 
Interaction 1 2 , 1 96 
Blocks 7 5,739 
Error 21 � -

Total 31 3 ' 7 

Comparison between transformed means : 

D . 05 = 22.41 

D.o1 = 30· 58 

22 
5 ,458 
2 , 1 96 

820 
927 

NS 
5.89 :!• 

NS 
NS 



TABLE 13. Dose by dilution rate comb inations and the persistence of 
fertility. 

A. Percent fertile eggs layed on 2nd to 7th day after insemination. 
Factor s :  dilut ion rate (3 ) x dose inseminated ( 2 ) ;  1 0  pullet 

re plications. 

Trt. 1 2 3 4 5 6 

Dose (ml) 0.05 0. 1 0  

Dil.rate 0 1/3 1/6 0 1/3 1/6 

1 1 00 1 00 83 1 00 80 0 
2 83  75 0 33 0 25 
3 1 00  0 50 1 00 1 00 33 
4 40 1 00 1 00 80 1 00 80 
5 0 80 1 00 60 40 1 00  
6 1 00  1 00 0 1 00 1 00 80 
7 1 00 50 0 80  80 0 
8 75 50 33 1 00 80 0 
9 1 00 0 67 1 00 1 00 0 

1 ,0 1 00 83 0 1 00  50 80 

Sum 798 638 433 853 730 398 
Mean 79.8 63.8 43·3 85. 3  73.0 39.8  

Fert. eggs 43 32 1 8  J7 ,58 20 

Total eggs 54 49 49 45 53 51 
Trfd. mean 70. 5 54. 9  38. 1  75. 3 63.4 34. 5  

Analysis of Variance. (transformed percentage s ) .  

Source M:· Sum square Mean square F test 

Dose 1 1 59 1 59 NS 
Dilution rate 2 1 3,661 6 ,831 6 .. 94•• 
Interaction 2 382 1 91 NS 
Blocks 9 8 ,44-5 938 NS 
Error !!:.2. 44,286 
Total 59 66 ,933 

Comparison between transformed means. 

= 

= 



TABLE 13 

B. Percent fertile eggs layed on 8th to 1 2th day after insemination. 

Trt. 1 2 3 4 5 6 

Dose (ml. ) 0.05 0. 1 0  

Di.l. rate 0 1/3 1/6 0 1/3 1/6 

1 60 75 40 1 00 40 0 
2 60 80 0 0 0 0 
3 20 0 50 1 00 67 25 
4 0 1 00 1 00 50 1 00 25 
5 0 1 00 - 25 0 1 00 
6 1 00 67 0 0 25 25 
7 80 0 0 0 50 0 
8 50 0 0 33 50 0 
9 80 0 40 60 1 00 0 

1 0 50 67 0 1 00 0 50 

Sum 500 489 230 468 432 225 

Mean 50. 0  48. 9  25. 6 46.8 43· 2  22. 5 

Fert. eggs 23 20 1 0  21 1 6  1 0  

Total eggs 45 41 39 41 40 41 

Trfd. means 43· 5  41 . 3  23.7 43. 1 39-4 22 . 5 

Analysis of Variance.  ( transformed percentage s ) .  

Source 2£· Sum square Mean square F test 

Dose 1 38 38 NS 
Dilution 

rate 2 4,61 8 2 ,309 NS 
Blocks 9 9,01 1 1 ,001 NS 
Error !£§. 492426 1 ,074 
Total 58 63 ,093 



TABLE 14.  Dilution effect on short storage. 

A. Percent fertile eggs layed on 2nd to 7th day after insemination. 
Factors : dilution rate ( 2 )  x storage time ( 2 ) ; 1 0  pullet replic­

ations. 

Trt . 1 2 3 4 

T:ime (min. ) 20 2 40 

Dil. rate 0 1 0 1 
2 2 

1 1 00 1 00  60 75 
2 75 60 25 1 00 
3 1 00 80 1 00 83 
4 1 00 1 00  80 60 
5 1 00  60 17 50 
6 1 00  67 1 00 -

7 1 00 83 1 00  1 7  
8 1 00 1 00 1 00  0 
9 1 00 1 00 67 83 

1 0  1 00 1 00 20 33 

Sum 975 8 50 669 501 
Mean 97. 5 8 5. 0  66. 9 55.7 

Fert. eggs 51 �- 35 25 
Total e ggs 52 52 52 42 

Trfd. mean 87. 0 73. 6  60. 9 48. 5 

Analysis of Variance.  (transformed percentages ) .  

Source df. Sum sguare Mean sguare F test 

Storage time 1 6 , 201 6 ,201 1 1 . 81 •• 
Dilution rate 1 1 ,465 1 ,465 NS 
Interaction 1 1 67 1 67 NS 
Blocks 9 1 �701 300 NS 
Error 26 1 3 �637 525 -

Comparisons between transformed means . 

= 1 4. 93 

= 20. 20 



TABLE 14. 

B .  Percent f'ertile eggs layed on  8th to  1 2th day af'ter insemination. 

Trt. 1 2 3 4 

Tjme (min. ) 20 240 

Dil. rate 0 1 0 1 
2 2 

1 60 1 00 25 67 
2 1 00 20 20 33 
3 60 50 1 00  50 
4 75 60 0 1 00  
5 20 40 0 0 
6 60 0 50 -

7 75 75 60 0 
8 80 1 00 80 1 00 
9 20 75 0 80  

1 0  75 1 00 25 20 

Sum 625 620 360 450 
Mean 62. 5 62. 0  36. 0 50. 0  

Fert. eggs 27 27 1 7  1 4  
Total eggs 45 44 44 33 

Trf'd mean 53. 9 55.2 33.6  45. 0  

Analysis of' Variaro e .  (transf'ormed percentage s ) .  

Source df' .  Sum square Mean square F test 

Star age time 1 2 ,353 2 ,353 NS 
Dilution rate 1 425 425 NS 
Interaction 1 201 201 NS 
Blocks 9 9 ,341 1 ,038 NS 
Error 26 18,536 

-

Total 38 30,8 56 

. 



TABLE 14 • 

.Q• Percent fertile eggs layed daily. 

Trt. 1 2 3 

Time (min. ) 20 

Dil.  rate 0 1 0 2 

Day 1 90 75 44 
2 1 00  67 1 00 
3 1 00 8 9  56 
4 1 00 83  63  
5 1 00  1 00 70 
6 1 00 90 80 
7 70 60 70 
8 50 1 00 40 
9 70 55 33 

1 0  75 50 22 
1 1  33 20 1 4  

Sum 888 789 592 

4 

240 

1 
2 

63 
80 
86 
50 
40 
43 
57 
20 
50 
56 
0 

545 
Mean 80.7 71 .7  53. 8 49. 5 

Analysis of Variance. 

Source M .  Sum sg,uare 

Treatment s 3 7,1 73 
Days 1 0  1 6 ,220 
Error 2Q 1191 1 
Total 43 31 , 304 

Comparisons between means . 

D (day ) = .os 
D (day) = 

. 01 
D (treatment ) 

.os 
:: 

D (treatment ) _ 

. 01 
-

1 8.8  

23·5 

Mean sg,uare 

2,391 
1 ,622 

264 

. 

Sum Mean 

272 68. 0  
347 86.8  
331 82.8 
296 74.0 
31 0 77·5 
31 3 78 . 3  
257 64.3 
21 0 52. 5  
208 52. 0 
203 50.8  
67 1 6.8  

F test 

9.06•• 
6 . 1 4** 



TABLE 15. Dilution rate and storage o� semen. 

Percent fertile e ggs layed on 2nd to 8th day after insemination 
Factors : storage time (3 ) x dilution rate (3) ; 6 pu�let 

replications. 

Trt. 1 2 3 4 5 6 7 8 

Time (hr.) 3 6 24 
-

9 

Dil.rate .  0 1/2 1/1 0  0 1/2 1/1 0  0 1/2 1/1 0  

1 1 00 67 - 67 50 67 
2 1 00 1 00 - 1 00  1 00 1 00 
3 1 00 1 00 - 83 80 1 00 
4 1 00 1 00 83 60 1 00  1 00 
5 80 1 00  71 1 00  83 60 
6 83 86 1 00  67 - 67 

Sum 563 553 254 477 41 3 494 
Mean 93. 8 92 . 2  84.7 79. 5 82.6 82- 3 

Fert. eggs 30 33 1 5  24 24 25 
Total eggs 32 36 1 8  30 29 31 
Trfd. means 81 .5 80. 5 71 . 0  67.7 70.8  71 .8  

Analysis of Variance . (transformed percentages ) . 

Source df .  Sum Square Mean square 

Dilution rate 2 375 1 88 
Storage time 2 35,1 46 1 7 , 573 
Interaction 4 91 4 229 
Error 22 1 2,222 314  
Total 47 48 ,687 

Comparison between transformed means. 

= 

= 

1 4. 39 

1 8 . 28 

0 43 0 
0 0 0 
50 0 -

1 7  50 1 7  
0 20 0 
20 50 -

87 1 63 1 7  
1 4. 5  27. 2 4. 3 

5 1 0  1 
32 32 21 

1 6 . 0  26.3  6 . 1  

F test 

NS 
49. 6 ** 

NS 



TABLE 1 6 .  Temperature, dilution rate and time of semen storage. 
Percent fertile eggs layed on 2nd to 7th day after insemination. 
Factors : storage time (2)  x temperature (2 )  x dilution rate ( 2 ) ;  

6 pullet replications. 
Trt . 1 2 3 4 5 6 7 

Time (hr. ) 4 21 

Temp. (0c. ) 2 1 0  2 1 0  

Dil.rate 0 1 0 1 0 1 0 2 2 2 

1 0 20 50 67 0 0 0 
2 0 0 75 75 0 0 0 
3 0 60 1 00 1 00 0 0 0 
4 50 0 1 00  1 00  0 0 60 
5 40 20 1 00  0 0 0 20 
6 0 20 40 1 00  0 0 40 

Sum 90 1 20 465 411-2 0 0 1 20 

8 

1 
2 

0 
0 
0 
0 

60 
0 

60 
Mean 1 5.0 20. 0 77- 5 73.7 0 0 20. 0 1 0. 0  

Fert.eees 4 

Total eggs 29 
Trfd.mean 1 4. 0  

5 
30 

21 .8  

Analysis of Variance.  

1 9 
26 

69. 0  

20 
27 

64. 2 

0 
27 
0 

(transformed percentages ) .  

0 
27 
0 

Source df .  Swn square Mean square 

Replications 5 2,41+6 489 
Temperature (E )  1 1 1  '772 1 1 ,772 
Time (T)  1 1 4,929 1 4,929 
Rate (R)  1 50 50 
TE 1 3,621 3,621 
TR 1 1 42 142 
ER 1 41 7 41 7 
ERT 1 2 2 
Error 22. 12a292 446 
Total 4-7 48,974 

Comparison between transformed means. 

n.o5 (time , temp. ) = 1 Z  .39 
D.01 ( " " ) = 1 6. 56 
n.o5 (TE ) = 21 . 92 
D.01 (TE)  = 28.67 

6 
25 

1 9.4  

F te st. 

NS 
26. 395*,.'" 
33.473::'"' 
NS 
8. 1 1 9** 
NS 
NS 
NS 

3 



TABLE 1]. Diluents �or 24 hour semen storage. 

Percent �ertile eggs layed on 2nd to 8th day after insemination. 
F actor : 4 diluents ;  7 pullet replications . 

Diluents 

1 
2 
3 
4 
5 
6 
7 

Sum 

Mean 
't;'.o,_.._ 0 f'Y' r? O  ... - - - - - u o -

Total eggs 

�d means 

B��tr + antJ. J.O J.CS 

50 
75 
1 7  
33 

1 00 
33 
29 

337 

48 . 1  
1 A  

40 

46. 0  

B��er Milk 

83 50 
1 00 50 

33 20 
25 0 
75 1 7  

1 00 0 
67 0 

483 1 37 

69. 0 1 9. 6  
26 8 

37 42 

60.8 20. 1 

Analysis o� Variance. (trans�ormed percentage s ) .  

Source 

Diluents 
Error 
Total 

M .  

3 
� 
27 

Sum square 

1 3,658 
1 0,585 
24 ,243 

Comparison between trans�ormed means. 

= 31 . 2  

= 39· 34 

Mean square 

4,553 
441 

Tyrode 

0 
20 
0 
0 
0 
0 
0 

20 

2. 9 

1 

34 
3. 8 

F test. 



TABLE 18 .  Comparing diluents and dilution rates in 24 hour storage of 
semen. 

Percent �ertile eggs layed on 2nd to 8th d� after insemination. 
Factors : diluent ( 2 )  x dilution rate ( 2 ) ; 1 5 pullet replications. 

Trt . 1 2 ' 4 

Diluent B�fer Milk 

Dil. rate 1 1 1 1 
2 4 2 4 

1 0 0 0 0 
2 80 0 0 0 
3 0 0 0 0 
4 0 0 0 0 
5 20 20 0 0 
6 - 0 - 0 
7 - 0 0 0 
8 0 0 33 25 
9 60 20 50 0 

1 0  0 0 0 u 
1 1  0 0 20 0 
1 2  0 0 0 0 
1 3  67 1 00 20 0 
14 33 25 0 
1 5 0 0 0 0 

Sum 260 1 65 1 23 25 
Mean 20. 0  1 1 .0 9. 5 1 . 7 

Fert. eggs 1 4  4 6 1 
Total eggs 64 72 58 75 
Trfd. mean 1 7.75 1 1 . 55 10. 25 2. 00 

Analysis of Variance . ( tran�ormed percentages ) . 

Source .2!� Sum square Me an square F test 

Diluent 1 1 ,035 1 ,035 NS 
Dilution rate 1 7'28 728 NS 
Interaction 1 1 4  1 4  NS 
Error 2. 20201t1 38 5  
Total 55 21 ,794 



TABLE 1 9. Effect of abundant cloacal fluid on stored spermatozoa. 

Percent fertile eggs layed on 2nd to 8th day ai'ter ins emination. 
Fact or : Low and high cloacal fluid samples ;  1 5  pullet replications. 

Trt . Low High 

1 0 75 
2 50 46 
3 67 0 
4 50 0 
5 0 80 
6 0 50 
7 0 1 00  
8 60 0 
9 50 60 

1 0  0 20 
1 1  0 t7 
1 2  80 25 
1 ' 3 1 00 1 00  
14  60 1 00  
1 5  1 00 20 

Sum 61 7 693 
Mean 41 .1  46. 2  

Fert. eggs 26 27 
Total eggs 62 58 
Trfd. mean 35.7 42. 6 

Analysis of Variance .  (transformed percentages ) . 

Source a:r .  Sum sg,uare Mean s9.!:!are F test 

Treatments 1 364 364 NS 
Error 28 291;291 1 ,049 
Total 29 29,755 



TABLE 20. Spermatozoa aging in-vitro and fertility. 

A. Percent fertile egcs layecl on 2nd to 9th day after insemination. 
F actor : age of semen (7 tests ) ; 1 0  pullet replicat ions . 

Age (min. ) 
1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  

Sum 

Mean 
Fert. eggs 
Total eggs 
Trfd. mean 

Analysis 

30 

0 
0 

1 00 
�j 
83 
67 
1 7  
86 
-

-

396 

80 

1 00 
71 
67 
50 

1 00 
86 
75 
14  
88 

1 00 

751 
- 1 75 . 

47 
6l� 

64.7 

of Variance . 

Source 

Age 
Blocks 
Error 
Tet al 

1 35 

1 ()() 
71 
86 
57 

1 00 
1 00  
1 00 
1 00 
1 00 
86  

900 
L U  u � . 
55 
6 2  

78 . 2 

1 95 

86 
71 
83 
57 
57 
57 
50 
86 
1 �-
0 

561 
b ) • I 

38 
67 

47- 3  

255 

71 
86 
67 
0 
86 
88 

1 00 
71 
-
86 

655 
� �  '"' 

L e  

47 
64 

./ 

31 5 

1 4  
57 
-

1 00 
83 

1 00 
57 
43 
0 
50 

504 
r /'  ,..., 

V � ./ . 

37 
59 

50. 2 

375 

67 
67 
0 
80 
83 
75 
-

1 00 
1 00 

57 

629 
t:: a n - -

42 
59 

58 .7 

(transformed percentages ) . 

df .  Sum square Mean s9,uare F test 

6 8 ,059 1 ,343 NS 
9 3 , 606 401 NS 

49 ,2220M. 654 
64 43 ,709 

Sum 

�-38 
423 
403 
387 
592 
573 
399 
500 
302 
379 



TABLE 21 . Fructose added to stored semen. 

Percent fertile eggs layed on 2nd to 1 2th day after insemination. 
Factor : Fructose treatments ( 3) ; 1 5  pullet replications.  

Trt. .!. Bufier � Bufier � Buffer Blocks 
+4fruc ose + fruc ose 

1 29 60 20 1 09 
2 44 67 40 1 51 
3 33 44 33 1 1 0 
4 67 50 63 1 80 
5 38 71 33 1 42 
6 63 38 44 1 45 
7 0 50 0 50 
8 75 0 29 1 04 
9 0 57 38 95 

1 0  83 86 60 229 
1 1  30 44 1 00 1 74 
1 2  50 50 55 1 55 
1 )  � '"'  0 1 1  63 ..JV 
1 4  0 50 0 50 
1 5  0 40 40 80 

Sum 542 707 588 1 ,837 

Mean 36 . 1  47 . 2  39. 2  

Fert. eggs 45 60 44 
Total eggs 1 28 1 30 1 20 

Trfd. mean 32. 8 41 .4  37.6  

Analysis of Variance. (transformed percentages ) .  

Source M• Sum sguare . Mean s9uare. F test . 

Treatments 2 555 278 NS 
Blocks 1 4  8 ,1 26 580 NS 
Error 28 1 0.1 8,2 364 
Total 44 1 8 ,866 



TABLE 21 . 

�- Per cent fertile eggs layed on 7th to 1 2th day after inseminat ion. 
F actor : fructose tre atment s  (3 ) ; 1 5  pullet replicat ions . 

Trt .  

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
1 1  
1 2  
1 3 
1 4  
1 5  

Sum 

Mean 

Fert. eggs 

Tot al e ggs 

Trfd. mean 

-k Buffer 
+ fructose 

0 
20 
0 

40 
20 
40 

0 
50 
0 

67 
0 

1 7  
1 7 

0 
0 

271 

1 8 . 1  

1 2  

73 

1 8 . 7  

Analysis of Variance. 

Source df .  

Treatment 2 
Blocks 1 4  
Error ll 
Total 43 

i Buffer 
+ fructose 

20 
40 

0 
25 
50 
0 

33 
0 

50 
67 
20 
33 

0 
20 
1 7  

375 

25. 0 

1 7  

71 

26. 0 

(transformed 

Sum sguare 

887 
6 , 966 
7,540 

1 5,393 

i Buffer 

0 
0 
0 

40 
33 
0 
0 
0 
0 

33 -
40 
n e  ... J 
0 

33 

204 

1 4  •. 6 

1 1  

68 

1 5.3 

percentage s ) . 

Mean sguare 

444 
498 

F te st 

NS 
NS 

Blocks 

20 
60 

0 
1 05 
1 03 
40 
33 
50 
50 

1 67 
20 
90 
) . ') -
20 
50 

850 



TABLE 21 . 

c. Percent f'ertile egg s  on 1 1  days of egg colle ct ion. 
Factor : fructose tre atments (3 ) ; 1 5  pullet replicat io ns .  

I 
Trt. -!- Buf'fer 

+ fructose 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
1 1  

Sum 

Mean 

73 
55 
67 
67 
41+ 
25 
43 
1 4  

0 
0 
8 

396 

36. 0  

Analysis of Variance . 

Source 

Treatments 
Dey 
Error 
Total 

ComEarison b etween means . 

n. os 
(treatments ) 

n.o5 ( day) 

n. o1 (day)  

df' .  

2 
1 0  
20 
32 

= 

= 

= 

� Buf'f'er 
+ fru ctose 

75 
70 
73 
78 
69 
50 
47 
1 8  
20 
8 
0 

508 

46. 2  

Sum square 

641 
22 ,61 3 

1 .190 
25,041+ 

1 0. 20 

27.85 

33·79 

� Buf'fer 

80 
73 
67 
50 
45 
38 
21 
25 
0 
8 
8 

41 5 

37·7 

Mean square 

321 
2 ,261 

90 

Days 
Sum Me an 

228 76 
1 98 66 
207 69 
1 95 65 
1 58 53 
1 13 38 
1 1 1  37 

57 1 9  
20 7 
1 6  5 
1 6  5 

1 ,31 � 

F test 

�-59* 
25. 26** 



TABLE 21 . 

D. Percent fertile eggs layed on 6th to 1 0th day after insemination. 
Factors : fructose treatments ( 3 ) ; 1 5  pullet replications. 

Trt. 1 2 3 
-l- Buffer + F. 1 2 Buffer + F.  t Buffer Sum 

1 0 50 0 50 
2 25 75 20 1 20 
3 0 25 0 25 
4 75 67 75 21 7 
5 33 50 60 1h3 
6 50 0 25 75 
7 0 50 0 50 
8 50 0 0 50 
9 0 50 33 83 

1 0  67 1 00  40 207 
1 1  20 50 70 
1 2  40 60 50 1 50 
1 3  25 0 33 58 
1 4  0 25 u <:!� 
1 5  0 40 25 65 

Sum 38 5 642 36 1 

Mean 25. 67 42. 80 25.79 

Fert. eggs 1. 5 25 1 4  

Toto.l eggs 59 59 54 

Trfd.means 24. 38 38 .66 25. 1 3  

Analysis of Variance (transformed per centages ) .  

Source £:!:· Sum sg,uare Mean sg,uare F test 

Treatment 2 1 ,924 962 2. 54 (P 0. 1 0 )  

Blocks 14 1 0, 984 785 NS 

Error 'll 1 0,246 

Total 43 23, 1 54 



TABLE 22. 

Hour 

Strain ML 

Type I 

Male A 

Reps 1 0 
2 50 
3 1 00 
4 1 00 

Sum 250 

Mean 62. 5 

Fert. eggs 5 

Total eggs 7 

Trf'd. mean 56. 3  

Male Exhaustion 

Percent fertile eggs layed on 2nd to 5th day after insemination. 
Factor s :  Male (4) x collection (4) ;  4 pullet replication. 

1 41 5  1 509 1 602 

AO MI AO ML NJ 

II I II I II I II I II I II I 

B c D A B c D A B c D A 

0 1 00 1 00 1 00 1 00 1 00 1 00 75 0 1 00 75 1 00 
50 1 00  1 00  1 00 67 50 75 1 00 1 00  1 00 75 67 

1 00 50 67 75 1 00  33 50 1 00  - 1 00 1 00 0 
0 75 1 00  75 0 1 00  67 1 00  0 75 67 1 00 

1 50 325 367 350 267 283 292 375 1 00 375 31 7  267 

37. 5  8 1 . 3  91 .8  87. 5  66.8  70. 8  73.0 93.8  33·3 93.8 79.3 66.8  

6 1 1  1 1  1 2  8 9 8 1 2  3 1 3  1 0  8 

1 3  1 3  1 2  1 4  1 1 1 3  1 2  1 3  8 1 4  1 3  13 

33.8 71 . 3  81 . 2  75.0 sa. 7 65. 0 62. 5  82. 5 31 . 3  82. 5 66. 2  58.7 

1 656 

ML AO 

II I II 

B c D 

1 00 50 0 
67 50 1 00 
- 1 00  1 00  
0 1 00 67 

1 67 300 267 

55·7 75.0 66.8 

5 8 1 0  

8 1 0  14 

48. 2  67 . 5  sa. 7 

Analysis of Varianc e .  (transformed perc :entage s  ) .  

Source df. Sum square Mean square F test. 
-

Repl icat ions 3 1 , 546 51 3  NS 
Hour (H ) 3 623 208 NS 
Strain ( s )  1 3 ,053 3 ,053 2. 95 �p 0. 1 0� 
Type (T ) 1 3 ,490 3 �490 3. 38 p 0 . 10  
H S 3 2,843 828 NS 
H T  3 1 , 950 650 NS 
S T 1 1 ,  71 8 1 ,71 8 NS 
S T H 3 749 250 NS 
Error .J2 46,545 1 , 034 

Total 63 62 , 1 57 



TABLE 23. 

Hour 

1 407 
1 456 
1 556 
1 656 

Sum 

Mean 

Semen volume exhaustion. 

Semen released per collection in millilitres.  
Factor s :  collection (4)  x male (4).  

Male 
A B c D 

0.40 0.45 o.so 0.65 
0.35 0. 35 0.70 0. 60 
0. 35 0. 30 o. 6o 0. 65 
0.30 0. 20 0. 50 0.80 

1 .40 1 . 30 2. 60 2. 70 

0. 350 0. 325 0.650 0. 675 

Sum Mean 

2. 30 0. 575 
2. 00 0. 500 
1 . 90 0.475 
1 . 80 0.450 

8. 00 

Analysis of Variance .  

TABLE 24. 

Hour 

1 407 
1 456 
1 5.56 
1 656 

Sum 
Mean 

Source £f.• Sum square Mean square F test 

Males 3 
Collection t ime 3 
Error _2 
Total 1 5  

0.4250 
0. 0350 
0. 0785 
0. 5350 

0. 141 7  
0.01 17 
0 .0087 

Spermatozoa release exhaustion. 

Estimated spermatozoa per e jaculate in millions. 
Factors : collect ion time (4) x male (4) .  

Male 
A B c D Sum 

2 , 1 92 594 4,51 2 1 ,456 8 ,754 
1 ,21 1 322 2 ,828 2 ,364 6 ,725 
1 ' 176 1 38 2 , 1 96 1 ,729 5 ,239 

522 1 00 680 81 6 2 , 1 1 8  

5, 1 01 1 , 1 54 1 0 ,21 6 6 ,365 22 ,836 
1 ,278 289 2 , 554 1 ,591 

Mean 

2 , 1 8 9  
1 ,681 
1 ,31 0 

530 

Analysis of Variance. 
Source 2£.• Sum square Mean square F test 

Male 3 
Collection time 3 
Error _2 
Total 1 5  

Comparisons between means. 

1 0 ,465,268 
5,855, 1 1 6  
4,503,617 

20,824,001 

= 1 ,558 (both factors ) .  

3,488 ,423 
1 ,951 ,705 

500,402 



TABLE 23b. 

.AnaJ.ys is 

Spermatozoa concentration exhaustion. 

Estimated spermatozoa concentrat ion (X  1 o
9 /ml. )  

Fact ors : coll ection time (4) x male s (4) .  

Male 

Hour A B c D Mean 

1 407 5.48 1 .32 5.64 2 . 24 3- 67 

1 456 3.46 0. 92 4. 04 3.94 3e 09 

1 556 3.36 0.46 3.66 2 . 66 2. 54 

1 656 1 .  74 0. 50 1 . 36 1 . 02 1 . 1 6  

Mean 3. 51 0.80 3.68 2.44 

of Variance . 

Source 2!.· Sum sguare Mean sguare 

Male s  3 20. 965 6. 988 

Hour 3 1 3. 907 4. 636 

Error ..2.. 7.329 0.814 

Tot al  1 5 42. 201 

ComEarisons between means. 

n. o5 
= 1 . 99 (both f actors ) 

n.o1 
= 2.69 

F test. 

8. 582 ** 

5.693•* 



TABLE 25. Time of colle ction and semen release . 

Semen volume in millilitres sununed over three cockerels per subgroup. 
Factors :  strain of fowl (3)  x time of day ( 3) ; 3 day replications . 

Time 0855 1 335 

Strain WC ML AO WC ML AO WC 

Day 1 1 . 30 .65 1 . 60 1 . 20 .90 1 .  70 .65 
2 1 .40 .70 1 .20 .40 . 90 1 . 55 1 . 1 0  
3 . 30 .so 1 .75 1 .20 .50 1 . 60 . 85 

Sum 3· 00 2. 1 5 4. 55 2. 80 2. 30 4. 8 5 2.60 

Mean 1 . 00 .72 1 .  52 . 93 ·77 1 .62 .87 

Analysis of Variance.  

Source. df Sum sguare Mean sguare 
Strain 2 
Time 2 
Days 2 
Interaction ST 4 
Error 1 6  
Total 26 

Comparison between means : 

3. 21 
0.01 
0. 1 8  
0.07 
1 . 64. 
5. 1 1  

n. 05 
(strain) = 0.383 

D. 01 
" = 0. 502 

1 . 605 
0. 005 
0. 090 
0.01 8  
0. 1 03 

1 630 

ML AO Sum 

1 . 25 1 .  70 1 0. 95 
·75 1 .45 9.45 
.60 1 .65 9. 25 

2. 60 4.80 

. 87 1 . 60 

F test 

1 5. 58('* 
NS 
NS 
NS 

B .  Spermatozoa conc entration in 1 09 cells/ml . ,  averag�d over 3 cockerels 
Factor s :  strain (3) x time (3 ) ;  3 day replications. 

Time De 55 1 335 1 630 

Strain WC ML AO WC ML AO WC ML AD Sum 

Day t 2.2 3·3 4.0 5. 9 4.4 6.4 5·4 5. 6  5. 5 42.7 
2 5. 0 3.8 5. 1  5. 1 4. 1 5.6 6. 5 5. 6 4. 3 45. 1  
3 2.4 3 .9  4. 4 4.9 5-4 - 5. 8 5- 4 4. 5 36.7 

Sum 9.6 1 1 . 0  1 3.5 1 5. 9  1 3. 9  1 2.0  1 7.7 1 6.6  1 4.3 

Mean 3.2 3·7 4. 5 5·3 4. 6 6. 0 5. 9 5· 5 4.8 

Analls is of Var ianc e .  

Source . df Sum sg,ua.re Mean sguare F test 

Time 2 1 3.89 6. 95 1 2. 64** 
Strain 2 0. 57 0.29 NS 
Interaction 4 6.30 1 . 58 NS 
Days 2 0.79 0.40 NS 
Error .1.2 8.20 0. 55 
Total 25 29.75 

ComEa.rison between means : n.05 (t :ime ) = 0. 906. n. o1 (time ) = 1 . 1 92 



TABLE 26 . Semen collection technique s .  

Semen volume in millilitre s averaged over two collections pe r  tre atment . 
Faetor s :  method ( 2 )  x strain (2 ) x phase ( 2 ) ;  1 0  cockerel repl ications. 

Method A B 

Strain ML AO ML AO 

Phase Norm. Rev d.  Norm. Rev d. Norm. Rev d. Norm. Rev d. 

Rep s  1 . ,38  0 . 23 . so .38 .83  .4-8 ·73 
2 . 28 0 .75 . 20 .30 .4-8 .33 .80 
3 · 35 0 . 6 5  .45 . 1 8  . 83 .68 .85 
4 .48 . 03 .60 .95 .40 1 . 28 . so . 55 
5 .45 .03 . so .30 .63 .70 e43 · 35 
6 · 35 . 03 . 55 . 23 · 35 .so ·43 .75 
7 .40 .03 1 . 1 5  .60  . 55 . 90 · 53 1 .23 
8 . so .os . 53 . so .45 . ss . 58  . 70 
9 .43 . 1  0 . 63 . 03 · 30 . 58 . ,38 1 .00 

10  . 38 . 1 8  .45 . 63 .08 . 55 · 55 .4-8 
Sum 4. 00 0.45 6 .04 4.39 3.62 7 . 50 4.89 7·44 

Anallsis of Variance. 

Source df Sum square Mean squ are F t e st -
Method (M ) 1 0. 92 ' 0. 92 28 . 75** 
Strain ( s )  1 0.65  o.65 20. 31 ** 
Phase (P) 1 0.02 o.o2 NS 
MS 1 0. 28 0. 28 s. 7s t.•* 
MP 1 1 . 69 1 . 69 52. 81 ** 
SP 1 0 NS 
SPM 1 0. 1 4  0. 1 4  4.,38 •!< 
Replications 9 0. 59 
Error §1. &2.1 0.032 
Total 79 6.30 

ComEar ison between means . 

Strain ,  method, or phase : D = o.oao 
n. os = Q. 1 06  

MP, MS D. 01 
= 0. 1 50 

n•05 
= 0. 1 84 

MPS D. 01 
= 0. 251 . os 

Continued • • • • • •  



TABLE 26 Continued • • • • •  

B. Average spermatozoa concentration in 1 09 /ml. of ten cockerels per subgroup. 
Factor s : method ( 2 )  x strain ( 2) x phase ( 2 ) ;  2 day replications . 

Method A 

Strain ML 

Fhase N R 

Rep 1 4.3 3· 7 
2 4.2 3· 0 

Sum 8.5  6. 7 

Abalysis of Variance . 

Source 

Method (M) 
Strain (s)  
Phase (P) 
MS 
MP 
SP 
SF\1 
Replications 
Error 

Total 

N 

5.3 
lj.. 6 
9. 9 

df' 

1 
1 
1 
1 
1 
1 
1 
1 

_]_ 
1 5  

AD 

-

R N 

4.5 4.2 
3. 3 4. 1  
7.8 8 . 3  

Sum sguare 

0. 64 
1 .  96 
0.49 
0.03 
1 . 57 
0.07 
0. 1 4  
1 . 96 
1 . 22 

8 . 08  

B 

ML 

R 

4. 2 
4. 0  
8 . 2  

Mean square 

o.64 
1 . 96 
0.49 
0.03 
1 . 57 
o.o7 
0. 14  

0. 1 74 

Comparison between means : 

n. 05 ( strain) = 0.494 

n. 05 (MP) = o. 978 

A'O 

N R 

5.0 6. 1 
4. 2 4.3 
9.2  1 o.J+ 

-

F test 

NS 
1 1 .26 *  

NS 
NS 

9. 02*  
NS 
NS 



TABLE 27. Dauation ar fertility from one insemination. 

Percent fertile eggs lay daily; 1 5  pullets per strain,  control 1 0  
pullets , inseminated we ekly. 

Strain WC AD Mixed 
Control 

Day after 
AI 

1 0 0 0 
2 82 82 71 
3 1 00  86 80 
4 1 00 96 82 
5 93 80 83 
6 1 00 78 1 00 
7 89 75 67 
8 82 80 75 
9 92 38 1 00 

1 0  68 38 1 00  
1 1  55 20 1 00  
1 2  40 40 80 
1 3  46 1 8  89 
14 23 0 1 00 
1 5  9 1 3  88 
1 6  0 0 85 
1 7  1 0  0 83 
1 8  0 0 85 
1 9  1 0  0 88 
20 0 0 88 

Sum 999 744 1 644 

Mean 49. 95 37.20 82. 20 

Correlation or daily fertility between strains 

r = +0. 926** 

Difference between strain fertility. 



TABLE 28. Repeatab il ity of fertility 

Percent fertile eggs layed over sixteen days with two ins eminations.  
Factor s :  6 males ; 2 fert il ity trial s of the same mated cocks and hens . 

Trial 1 (SEPI'. ) 2 (DEC . ) 

Male 67 1 00 71 
No . 78 88 

83 58 
50 64 
67 63 

1 00 94 
80 81 

1 00 1 00 
1 00  86 

89 71 
1 09 62 79 

64 29 
46 36 
70 50 
50 8 
75 75 
60 53 
67 36 
44 67 

1 00 50 
45 75 

1 1 4 67 80 
1 00 1 00 

38 86 
67 94 

1 00 93 
92 93 

1 00 36 
67 50 
55 93 
90 1 00 
36 1 00 

1 1 7 45 21 
50 27 
88 27 

1 00 67 
40 43 
67 0 
50 0 

1 00  70 
1 00  30 20 55 

1 0  73 
8 2  71 
91 81 
67 21 

1 08  0 0 
30 1 00  1 00  

Sum 3 ,352 2 , 945 
Me an 69 .83 61 . 35 

Gross correlation of fertility in 
two trial s ;  r = + 0 . 361 4'� 

.Anal�s is of Var i ance ( tr a.ns f ar me d  per cent-

age s ) . 

Source df . f, t, r.:s F test " '-'  

Month 1 1 ,406 1 ,l�06 ( P  0. 1 o )  
Error 94 46 ,871 499 

-
Total 95 48 ,277 

Aver aee percentage fert ility 

1.:ale 67 
1 09 
1 1 4 
1 1 7  
1 08 

30 

Se pt . De c .  

84. 7 
62. 1 
72. 9 
65. 0 
0 

1 00  

77 . 6 
50. 7 
84. 1 
41 . 9 

0 
1 00 



TABLE 29. !ging and seasonal effects on semen production. 

A. Semen volume in millil itres of twelve males tested November 1 966 
and May 1 967. 

Year 1 966 1 967 

Male 1 . 1 0  . 1  0 
2 . 90 . so 
3 · 55 . so 
4 . 25 . 25 
5 . 25 . 1 5  
6 · 55 . 1 S 
7 . 1 5 . 20 
8 . 30 . 1 5 
9 . 65 . 25 

1 0  .45 . 20 
1 1  . 85 . 30 
1 2  .70 .70 

Sum 5. 70 3·45 

Mean 0. 4750 0. 287S 

�· Spermatozoa concentration in 1 09/ml . 

Year 1 966 1 967 

Male 1 4. 4D 6.06 
2 4. 50 3 . 94 
3 6 . 30 4. 1 0  
4 5.40 5. 52 
5 7. 1 0  4.48 
6 4.40 2.27 
7 1 . 80 2.48 
8 4.20 2.02 
9 1 .  70 1 .80 

1 0  3·30 4. 60 
1 1  3.60 3.28 
1 2  0.70 o.os 

Sum 47.40 40.60 

Mean 3· 950 3.383 

Correlation between semen volumes 
r = + 0. 646* 

Correlation between spermatozoa 
eo ncentrations . 

r = + 0.684 •:• 



TABLE 30. Ageing effects on semen production. 

A. Semen volume in millilitres, of four colle ctions from one male within 
three hour s. 

Year 1 966 

Hour 1 400 .45 
1 500 ·35 
1 555 . 30 
1 650 . 20 

Sum 1 . 30 

Mean 0. 3250 

1 967 

.70 
·35 
. so 
. 30 

1 .85 

0.4625 

Correlation of semen volumes 
r = + 0.8242 (NS) 

B .  Spermatozoa concentration in 1 o9 /ml. of four collect ions from one 
male within three hours .  

Year 1 966 

Hour 1 400 1 . 32 
1 500 . 92 
1 555 • 46 
1 650 . so 

Sum 3.20 

Mean o.so 

1 967 

1 . 34 
. 51 
. 1 3  
. os 

2. 03 

0. 51 

Correl ation of spermatozoa 
concentrations • 

r = + 0. 9762* 
Significant {P � o.os ) 
decline in mean spermatozoa 
concentration. 

TABLE 31 . Age of male and semen fertilising capacity. 

Percent fertile eggs layed on 2nd to 8th day after insemination. 
Factors :  age of male ( 2 )  x freshne ss of semen ( 2 ) ; 1 0  pullet repl ications. 

Treatment 1 2 3 4 

Storage (hours ) 2:i 22 

Males Ckl. Cock Ckl. Cock 

Reps 1 1 00  40 117 0 
2 1 00  38 20 0 
3 1 00  67 0 0 
4 1 00  1 00 60 0 
5 1 00  33 - 0 
6 1 00  50 0 0 
7 80 0 0 0 
8 1 00  67 0 1 7  
9 80 83 50 -

1 0  83 67 0 20 
Sum 943 545 147 37 

Mean 94.3 54.5 1 6. 3  4. 1  
Fert. eggs 47 28 8 2 
Total eggs 50 55 51 51 
Trfd. mean 82. 3 47.8  1 6.3  5-7 

CONTINUED • • • • • • • • 



TABLE 31 Continued,. • • • • 

Anal;:z:sia of variance. (transformed per cent ages ) 

Source df Sum s9,uare Mean s9.uare F te st 

Storage 1 27 ,652 27 ,652 1 1 6. 2** 
Males 1 5 , 1 o6 5 , 106 21 .5** 
Inter action 1 1 , w� 1 ,344- 5· 7* 
Repl ications 9 4 ,850 539 NS 
Error � 5,956 238 

T ot al 37 44-, 909 

ComJ2ar ison between means. 

Stor age and males ; n.os 
= 10 .34 

n.o1 = 14.02 

S M n.os 
= 1 9. 54 

TABLE 32. Methods of dete cting fertile eggs . 

Per cent fertile e �s layed on 2nd to 9th day after insemination. 
Factor : methods ( 2 ) ;  1 6  pullet repl ications. 

Method 

Pullet 1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
1 1  
1 2  
1 3 
14  
1 5 
1 6  

Sum 

Mean 

Fert. eggs 

Total eggs 

Candling 

1 00 
50 
50 
50 
67 
67 

1 00 
1 00  
1 00 
67 

1 00  
1 00 
1 00 
1 00 
1 00  
80 

1 ,331 

83.2 

43 

54 

Breakout 

1 00  
33 

1 00  
1 00  
1 00  
1 00  

67 
1 00  
1 00  
67 

1 00  
1 00  
1 00  
1 00  
1 00  
1 00 

1 ,4£7 

91 .7 

41+ 

52 

No signif ic ant difference 
betwe en the methods of 
detecting f ertil ity, with 
transformed data. 



TABLE 33. Accuracy of spermatozoa concentration estimates from 
haemacytometer count s.  

Number of spermatozoa counted in two determinations from five randomly 
selected squares .  
Factors : male (4)  x sample s from ejaculate (4) ;  1 0  determinations , each 
comprising the number of spermatozoa in four sub-squares . 

!Male No. 58 (ML ) 61 (ML) 83 (AO )  84 

Sample 1 2 3 4 1 2 3 4 1 2 3 4 1 2 

De1m. 1 7 1 2  7 1 3  1 8  1 5  1 6  1 6  24 1 6  23 1 6  1 6  1 0  
2 1 5  4 1 2  1 7  24 1 6  22 1 5  27 1 6  33 1 9  20 1 4  
3 4 4 7 1 1  1 9  1 4  1 5  1 1  21 21 23 22 1 7  1 5  
4 9 1 1  7 1 2  1 6  24 1 7  1 8  21 1 3  26 23 5 1 5  
5 6 1 2  1 2  1 2  26 1 8  23 1 6  20 23 30 20 9 20 
6 1 2  1 5  1 0  1 4  30 1 6  1 7.  1 7  20 1 7  28 21 1 4  1 9  
7 1 2  1 6  1 8  1 1  21 1 8  1 7  1 5  26 1 6  33 1 8  7 1 5  
8 9 1 2  1 5  1 0  22 28 20 43 20 21 29 20 1 9  1 8  
9 1 1  1 0  1 1  1 6  32 21 28 21 34 1 0  25 1 3  1 5  1 9  

1 0  8 1 3 6 1 5  1 8  20 1 4  1 8  1 7  22 31 21 26 1 8  

Sum 93 1 09 1 05 1 31 226 1 90 1 89 1 90 230 1 75 281 1 93 1 48  1 63 

(AO ) 
3 4 

1 7  23 
1 2  24 
1 4  29 
22 24 
25 20 
1 4  22 
1i7 1 8  
1 0  29 
1 9  36 
1 4  22 

1 64 247 

Mean 9. 3 1 0. 9  1 0. 5  1 3. 1  22.6 1 9.0  1 8. 9  1 9. 0  23.0 17. 5 28 . 1  1 9. 3  1 4.8 1 6. 3  1 6.4  24.7 

Anal:£sis of Var iance. 

Source.  df Sum s9.uare 

Males 
Sample s (w. 

3 2,748 

males )  1 2  1 ,438 
Determinations � 3,205 
Total 1 59 7 ,391 

Comparison between sample means. 

= 
= 

5- 46 
6.66 

Mean sguare F test 

91 6 7.63** 

1 20 5·45*"' 
22 

I 



TABLE 34• Centrifugation effects on spermatozoa function. 
Percent fertile eggs from 2nd to 8th day after insemination. 
Factor : methods ( 3 ) ; 1 0  pullet replications . 

Methods Buffer Re mix Control 

Rep 1 83 83  1 00  
2 1 00  1 00  33 
3 1 00  80 1 00  
4 1 00  1 00 71 
5 80 83 1 00 
6 83 80 1 00 
7 1 00 1 00  80 8 - 86 0 
9 1 00  1 00 60 

1 0  1 00  67 80 

Sum 846 879 724 

Mean 94.0 87. 9 72.4 

Fert. eggs 37 45 41 

TotaJ. eggs 40 52 57 

Trfd mean 81 .6  74. 1 63.0 

Anal;z:sis of Var iance. (transformed percent ages )  
Source df. Sum sg,uare Mean sg,uare F test 
Method 2 1 ,678 839 NS 
Error 26 1 01892 41 9 

TotaJ. 28 1 2, 570 

TABLE 35. Comparing fresh and stored Tyrode solution for dilution. 
R:lrcent fertile eggs layed on 2nd to 8th day after insemination. 
Factor : age of Tyrode ( 2 ) ;  1 0  pullet replications. 

Storage 

Rep 1 
2 
3 
4 
5 6 
7 
8 9 

1 0  

Sum 
Mean 

Fert. eggs 
Total eggs 
Trfd. mean 

Analysis of Variance. 
Source 
Storage 
Error 
Total 

22 wks. 2 wks. 

83 50 
- 1 00  
75 67 

1 00 0 86 1 00  
60 83 

1 00 75 1 00  -

33 1 00  1 00  67 

737 642 81 . 9  71 .3 
41 35 
so so 

71 . 1  61 . 2  
(transformed percentages )  

§.! 8Um s0are Mean square 1 44 441 
1£ 9,896 61 9 1 7 . 1 0 .  ��7 

F test 
NS 



TABLE ,36. Semen volume (1 966). 

Semen volume in millilitres of each experimental cockerel ,  averaged per month. 

Month Jun. Jul . Aug. Sep. Oct .  Nov. Dec. Avge. Tot al  Col ' ns. 

Strain Male 
WC 1 4-5 ·33 . ss . 36 . 38 .4-9 . 51 . 29 0.4-05 22. 65 56 

1 4-6 · 33 ·4-5 . 27 . 4-7 . !�6 .43 - 37 0. 391 21 . 50 55 
147 . 30 · 33 . 27 . 25 . 23 . 1 1  . 1 2  0. 208 1 1 .65  56 
14-8 . 25 · 39 . 22  . 25 .114- . 24- . 23 0, 291 1 5.70 54 
1 49 . 20 -35 . 22 . 1 8  . 20 . 1 4  . 1 7  0. 21 1 1 1 .40 54 
1 50 .60 .76 . l;-3  .47 .61 . 57 · 53 0. 572 25.35 44-
1 51 . 30 · 44- . 36 .36 .45 · 39 . 30 0. 385 1 6. 55 43 
1 52 . 1 5  . 29 . 1 8  . 23 . 39 . 29 ·33 0. 275 1 1 . 1 0  40 
1 53 1 .03 .83 .83  1 .00 1 . 1 9  1 . 1 1 1 . 08 0. 976 41 . 00 42 
1 54- .73 .67 • 51 .58 .Go .41 ·43 0. 566 24.35 43 

1 55 .60  .61 .42 ·M- - - - 0.495 1 3.85 28 
1 56 .65  • 71 · 59 . 56 - 73 . 64 · 53 0. 638 26. 1 5 41 
1 57 .41 ·4-9 . 23 · 33 . 51 .4-8 . ss 0.424 17 .80 42 
1 58 .4-8 .69 . so .48 . 64 .61 . so 0. 572 23.45 41 
1 59 . 30 - 37 . 1 4- . 01 . 25 . 20 . 20 0. 220 9. 00 41 
1 60 .49 -74 .46 . 58 .so . 61 . l,.O 0. 558 31 . 25 56 
1 61 . 28 .4-2 . 1 5  . 1 8  . 28 . 2ffi .41 0.307 1 6. 90 55 
1 62 . 1  0 . 29 . 1 8  . 28 . 38  · 30 . 1 9  0. 254 1 3 .45 53 
1 63 . 20 · 34 . 1 9  . 1 8  . 24 . 23 . 1 5  0. 21 1 1 o. 95 52 
1 64 . 1 4  - 31 . 1 8  . 1 8  . 23 . 1 6  . 1 8  0. 1 97 1 0 . 80 55 

1 75 .70 .63 . 38 .41 . 53 · 53 . 20 0.462 1 3.85  30 
1 76 . 1 5  ·4-2 . 23 . 23 · 35 . 30 . 07 0. 257 7.70 30 
1 77 -75  . 66 . 61 . 67 . 65 .73 ·43 0.637 20. 1�5 32 
1 78 . so • 71 • 51 .44- . 72 .62 . 62 0. 578 1 9.65  34 
1 79 · 30 .38 . 31 . 29 . 36 . 23 . 1 7  0. 303 1 0. 60 35 
1 80 - . 28 . 25 . 21 . 23 . 1 7  . 1 3 0. 224 6 .50 29 
1 81 .48 . 52 . 41 . 34 . 41 · 33 . 25 0. 387 1 3. 55 35 
1 82 . 40 .4-9 · 35 .41 · 54 . so · 53 0.44-9 1 4.80 33 
1 83 . 38 . 56 - 39 .46 . ,38  . 38 · 33 0.424 1 3. 1 5  31 
1 84 - · 57 -4-3 . so . l,-5 .4-6 · 38 0.467 1 7.75 38 

Mean .42 • 51 . 32 . ,38  ·47 .41 · 35 0.41 1 1 7.03 43 
Col ' ns.  68 207 230 1 82 201 1 67 207 1 278 

ML 1 65 . 65 ·44- . 27 .l� · 34  · 33 . 56 0.41 1  1 9.75 4-8 
1 66 . 25 . 28 . 1 7  · 30 · 35 . 32 .44 0.280 1 1 .50 41 
1 67 .43 . 31 . 15 . 1 7  . 28 . 1 2  .09 0. 21 1 8.4s 4-0 
1 68 ·43 .4-9 . 29 .,36 · 3S .4-8 .4s 0. 382 1 6.os 42 
1 69 . 1 5 .63 . ,36  . 34- .28 · 32 ·34 0. 381 1 4. 1 0  37 
1 70 . ,38  ·43 . 21 .22 . 1 1  . 1 8  .28 0. 261 1 0. 9S 37 
1 71 .4-8 . sa · 35 .41 · 49 · 37 .43 0.429 1 5.45 36 
1 72 .48 ·40 . 30 .45 · 54  · 57 · 59 0.425 20.40 4-8 
1 73 . so .49 . 32 · 3S . so . sa ·53 0.436 1 7.4-5 4-0 
1 74 · 30 . 28 . 1 9 . 1 8  . 30 . 22 .21 0. 224 7 .as 35 

Mean .41 .43 . 26 . 32 · 3S · 35 . 39 0. 344- 1 4. 1 9  41 
Col ' ns .  22 91 1 1 0  78 41 30 40 409 

Cont inued • • • • • •  •· 



TABLE 36 Continued • • • • • •  

Month Jun. Jul . Allg. Sep. Oct. Nov. Dec.  Avge. Total Col 1 ns. 

Strain MaJ.e 
AO 1 S5 • 91 1 . 0S . 78 . so 1 . 08 . 9S . ss 0. 924 40.65  44 

1 86 .66 .S2 . 49 .49 . 6 9  .43 . 53 o. SBB 25. S5 44 
1 S7 . 91 ·77 - 73 • 77 . 9B . 91 1 . 00  o. B32 43. 25 52 
1 BB 1 . 21 1 . 33 1 .07 1 . 1 4 1 .43 1 . 24 1 . 05 1 . 1 6B 52 . 55 45 
1 B9 · 54  . 67 . 47 .67 . 76 . 6 9  .B2  0.641 2B. 2 0  44 
1 90 ·45 .72 . ss . 64 .78 . 62 . ss 0 . 630 27.70 44 
1 91 1 .08 1 . 09 . 74 -77 1 . 38 1 . 1 7  1 . 41 1 . 063 44.65 42 
1 92 .61 . B4 . ss . 73 . 93 .B1  . Bs o. 757 31 .BO 42 
1 93 . 53 · 59 . 49 .61 . 79 . 59 . 53 0. 595 25. 60 43 
1 94 . 6B .6B . 51 . 6 5  • 7 1  . ss .40 0. 594 2�-- 95 42 

1 95 1 . 06 . 94 . B 1  . 95 1 . 1 7  . 9B 1 . 35 0. 955 47·75 50 
1 96 . Bo . 92 .79  .B3 1 . 06 1 . 1 0  . 94 0. 926 37. 05 40 
1 97 .41 . 62 . 41 .46 · 37 . 32 . 36 0. 399 1 6.75 42 
1 9B .66 . 92 . 70 . 62 . B1 .79 . 70 0.755 31 . 70 42 
1 99 . 70 . 92 . 53 . 63 . 70 . 61 .65  0 . 663 26. 50 40 
200 . 49 • 7B .42 . 58 .48 . 41 · 51 0.496 20. 35 41 
201 . 93 1 . 36 .BB . 91 . B4 · 77 . Bs 0. 920 36.BO 40 
202 . 64 . 60 · 54 · 53 .69  ·73 . 59 0. 61 7 26 . 55 43 
203 · 55 . 64 -34 · 59 . 64 .44 · 33 O. q.9B 1 9. 90 40 
204 . 1 5 . }6 . 38 . 30 . 1 0  . 1 B  . 21 0. 244 1 0 . 00  41 

Mean ·73 .B2 . 63 • 71 . B 9  • 76 • 77 0.71 3 30 . 93 43 
Col 1 ns. BO 1 38 1 BB 95 1 60 1 22 76 B61 

Aggregate 
Mean . 51 . 60 .42 .47 · 57 . so .48 0. 5()1 21 . 1 9  42 

Col' ns. 1 70 436 52B 355 402 31 9 321 2548 



TABLE 37. Estimates of spermatozoa concentration. 

Haemacytometer counts in 1 09 sperrnatozoa/ml. ; percent packed cell 
volumes in centrifuged semen ; and subjective opac ity scores of 
fresh semen. 

Detns Count % rev  Count Score 

1 0. 5 2. 7 3· 8 9 
2 1 . 0 3. 0  2. 2 5 
3 1 . 0 3· 3 2.7  6 
4 1 . 3 4. 9 1 . 5 5 
5 1 .4- 4. 9 1 . 7 7 
6 1 . 9 4.7 1 . 9 8 
7 1 . 6 6. 1 2. 2 7 
8 2.2 6 .4 2. 5 7 
9 2.4 8. 2 2 . 6  8 

1 0  3.7 8. 5 4-. 2 8 
1 1  2.6 8. 7 2 . 0  6 
1 2  2.4 8. 9 3· 5 7 
1 3 3.6  8. 9 3.4 8 
1 4  3. 1  9. 0  2. 7  4 
1 5 3· 0 9. 1  3. 9  8 
1 6  3· 5 9. 1 1 . 9 7 
1 7 2. 9 9. 9 2. 7 6 
1 8  3.9  9. 9 5. 6  8 
1 9 3·4 1 0. 0 3. 8 9 
20 3. 8  1 0. 2  3.6 6 
21 3. 0  1 0. 3 . 9  1 
22 4-. 0 1 0. 3 2 . 6 7 
23 3.8  1 0. 9  . 9 1 
24 4.6 1 0. 9  2. 6 7 
25 4-.4 1 1 . 5 . 1 1 
26 5. 6  1 1 . 7  2. 5 8 
27 6. 3 1 2.2 3· 5 8 
28 4. 6 1 2. 3  2. 3 7 
29 5· 5 1 2. 5 3. 9 9 
30 4-. 7  1 2. 7  2.4 7 
31 5. 2  1 3.6 1 . 1  3 
32 5.4 1 3.8 1 .4 2 
33 6. 0 1 l�-e 2  3 · 7  9 
34 4. 1 1 4.7 2. 5 8 
35 4-.0 1 4. 9 ·4 5 
36 4. 6 9 
37 2 . 5  5 
38 2 . 2 6 
39 3. 0  1 0  
40 2. 5 8 
41 3· 3 9 
42 4. 1 9 
43 3.0 8 
44 3· 3 8 
45 3·3 9 46 5· 2 1 0  

Continued• • • • • • •  



TABLE 37 Continued• • • • • • •  

Detns. 

47 
4.8 
49 
50 
51 
52 

Sum 

Uean 

Count % PCV 

1 20.4 332. 9 

3·44 9. 51 

b = 1 . 989 % PCV per 1 09 sp./ml. 

t = 1 1 .43** 

Confidence limits ( P< 0.01 ) 

1 a 51 32 !:  � � 2. 4646 ;.s PCV 

Count Score 

1 . 2 4 
. 9 3 

4-4 8 
2 . 9  9 
2.7 8 
5· 1 1 0  

1 43·4- 355 

2.76 6. 83 

b = 1 . 514 �nits  score 
per 1 0  sp ./ml. 

t = 8. 907 �'� 

Conf idence limits (P � 0. 01 ) 

1 .0589 6 13 6 1 .  9695 units 
score 

I I 



TABLE 38• Relationship between semen release and collection characteristics .  

Semen volume in millilitres ; semen opacity score ; stimulation grade 
and libido; of ten WC yearling cocks undergoing daily semen collection 
for two weeks. 

Detn. Volume Score Stimul ' n. Libido Detn. Volume Score Stimul ' n. Libido 

1 . 30 1 0  
2 .40 8 
3 . 20 8 
4 . os 8 
5 . 20 1 0  
6 . so 4 
7 .40 8 
8 .30 1 0  
9 . 20 7 

1 0  . 1 5 1 1  
1 1  · 30 9 
1 2  .40 8 
1 3 . 1 5 9 
1 4 . 1 5 7 
1 5 . 1 5 9 
1 6  .40 2 
1 7  . 20 4 
1 8  . 20 9 
1 9  . 1 5 1 0  
20 . 1 5 1 1  
21 . 30 5 
2 2  .40 8 
23 . os 9 
24 . 20 7 
25 . 1  0 9 
26 . 40 3 
27 .40 5 
28 .1 0 6 
2 9 . 20 6 
30 . 1 5 9 
31 .40 5 
32 .40 9 
33 . 1 5 9 
34 . 1 0  8 
35 . 20 1 0  
36 · 30 3 
37 · 35 7 
38 . 1 5 8 
39 . 1 0  9 
40 . 1 5 1 0  
41 .40 4 
42 . 20 8 
43 . 1 5 8 

Correlations. 

1 1 44 
1 2 45 
2 2 46 
2 3 47 
2 4 48 
1 3 49 
2 3 50 
2 4 51 
2 3 52 
1 4 53 
1 1 54 
1 2 55 
1 4 56 
2 4 57 
2 4 58 
1 3 59 
1 2 60 
1 5 61 
1 3 62 
1 3 63 
1 1 64 
1 1 65 
2 3 66 
1 3 67 
1 4 68 
1 3 69 
2 3 70. 
2 4 71 
2 2 72 
1 3 73 
1 3 74 
1 3 75 
1 4 76 
1 2 77 
1 4 78 
1 3 79 
1 3 80 
2 4 81 
2 3 82 
1 1 83 
1 3 84 
1 3 8!i 
2 4 Mean 

Vol x Score = 

Vol x Stimul ' n = 

Vol x Libido = 
Stim x Libido = 

. os 7 2 3 

. 1 5 1 0  1 3 
· 35 4 1 3 
. 25 7 1 3 
. 20 8 2 4 
. 1 5 7 2 3 
. 1 0  1 0  1 3 
· 35 4 1 3 
. 60 7 1 3 
. 1 5 6 1 4 
. 1 5 7 1 2 
. 1 5 9 1 3 
. 30 6 1 3 
. 70 8 1 3 
. 1 0  9 2 4 
. 1  0 9 2 3 
. 1 5 1 1  1 4 
. 20 1 0  1 2 
.45 9 1 3 
. 1 5 9 2 4 
. 1 5 7 1 4 
. 20 9 1 4 
. 20 9 1 1 
. 20 8 1 3 
. 20 8 1 4 
. 25 8 2 3 
. 20 8 1 4 
· 30 1 1  1 2 
. 35 1 0  1 3 
. 20 9 1 4 
. 40 6 1 4 
. os 9 1 4 
. 20 9 1 1 
. 30 9 1 2 
. 1 0  1 0  1 4 
. 30 0 1 3 
. 1 5 1 0  1 4 
. 20 1 0  1 2 
· 30 9 1 2 
. os 8 1 4 
. 1 5 9 2 3 
. 20  8 1 4 
· 24 7e 97 1 . 27 3· 05 

-0. 371 4 •• 
-0. 3065** 
-0. 2631 . 

+0. 21 40 



A P P E N D I X B 



Diluent Composition . 

-p er litre H20 -

LAKE ' S :  1 9 . 20 gm mono hydrous so dium glutama t e .  

LOCKE ' S : 

( FPD = 

TYRODE : 

( FPD = 

1 . 28 gm monohydrous pot a ssium citra t e . 
5 . 1 3  gm sodium acetat e .  
0 . 676 gm magnes i um c hlori de . 6H2o .  

1 0 . 00 gm fructose  • 

• * • 

9 . 20 gm so dium chlori d e . 
0 . 4 2  gm potassium chlo ri d e .  
0 . 1 2  gm calcium chlori de . 
o .  1 5 gm so dium bicarbo nat e .  
1 . 00 gm gluc o s e .  

-0 . 64°C pH = 8 . 2 ) 

• • • 

8 . oo gm so dium chlori de . 
0 . 20 gm anhydrous cal c iu m  chlori de . 
0 . 20 gm po tassmum chlori d e . 
1 . 00 gm so dium bicarbo nat e .  
0 . 1 0  gm magne sium chlori de . 
0 . 05 gm NaH aPo4 . 

-0 . 65°C )  

• • • 

SODIUM-PHOSPHATE BUFFER : 

1 6 . 34 gm Na2
HP0 4 • 

5 . 1 6  gm NaH2Po4 H2o • 
• 

( FPD = -0 . 607 to -0 . 639°C pH = 7 . 2 )  

• • • 

MILK : 
pH = 6 . 6 ) 

• • • 



A P P E N D I X C 



I BASAL : 

EXPER IMENT 1 

55% 
1 2 . 5% 
1 1 . 5% 

8% 
5% 
4 . 5% 
1 . 5% 
0 . 5% 
1 . 5% 
o . 6  
2 . 0  

1 0 . 0  
20 . 0  

RATION ANALYS IS . 

wheat meal 
barleymeal 
wheat pol lard 
bran 
luc erne 
oyster s h e l l  
but t ermilk powder 
salt 
stone gri t  
o z  per 1 00lb sel enium premi x  
o z  p e r  1 00l b Trel c o vi t e  
mg p e r  1 8  vi tami n E 
mg per l b  MnSOlf 
Santoquin ( ant�oxidant ) 

( C/P = 78 1 3 . 1 %  crude p r o t ein 1 1 50 Cal ME/l b ) 

I I  AMINO AC I D  ANALYSIS : 

Ac i d  7 2% Basal 1 00% Casein 8% Casein 1% Casein 

Arginine 0 . 5 8"6 3 . 40% 0 . 85% 0 . 62% 
Cystine o . :n 0 . 30 0 . 20 0 . 1 8  
G l yc i ne 0 . 56 1 . 50 0 . 68 0 . 57 
H i s t i dine 0 . 22 2 . 50 o . 42 0 . 24 
I s o leucine o . �� 5 . 70 0 . 89 0 . 48 
L eu c i ne 0 . 7 1  8 . 60 1 . 40 0 . 79 
Lysi n e  0 . 39 7 . 00 0 . 95 0 . 46 
Methionine 0 . 1 4  2 . 70 0 . 36 0 . 1 6  
Phenylalanine 0 . 49 4 . 60 0 . 86 0 . 53 
Thr eo nine 0 . 3 1 3 . 8 0 o . 6 1 0 . 36 
Tryptophan 0. 1 6  1 . 00 0 . 24 0 . 1 7  
Tyros ine 0 . 30 4 . 70 0 . 68 0 . 34 
Val i n e  0 . 47 6 . 80 1 . 01 0. 5 4  

I l l  RATION COMPOSITION : 

Treatment A ·  , 1 % casein 
7% sugar 

20'% sawdust 
72% basal 

Treatment B ;  1 % casein 
27% sugar 
72% basal 

Treatment C ·  , 8% casein 
20'% sawdust 
7'2:% basal 



RATION COMPOS I TION Cont i nu e d  • • • • • •  

Tr eatment D ·  ' 

IV CONS TITUEN T  ANALYS IS : 

W h e a t  1 4 .  CY',-6 
Bar l e y 1 0 . 5% 
P o l l a r d  1 6 . 00;6 
Bran 25 . 0% 
L u c e r n e  1 4 . 5% 
But t e r mi lk 33 . 0/6 

8% 
20% 
72% 

c a s e i n  
sugar 
basal 

( p e r  

c r ude p r o t e i n  
11  

1 1  

1 1  

11  

" 

p o u nd ) 

1 38 0  
1 240 
1 060 

920 
500 

1 340 

* • * * • � * * * • * • * • * * 

Cal o r i e s  ME 
" 

1 1  

1 1  

1 1  

1 1  
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