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INTRODUCTTION,

Topice
Artificial breeding is an interception of natural mating procedure,
by the collection of semen and its retention in vitro before deposition in the

female genital tracte

Semen is usually collected af'ter an induced ejaculation into a
suitable receptacle, from the engarged copulatory organ situated in the cloaca
of the male fowl.

When removed from their first natural environment in the male genital
tract and retained in vitro, precautions are needed to preserve spermatozoa
function. This is the most artifiicial phase and the one to which most research
has been directed in an attempt to extend semen storage timee.

Insemination is the final phase of semen transfer and the techniques
for depositing semen in the female genital tract, parallel those used for other

speciese.

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

this thesise.

Scope of Research,

Three phases of artificial breeding were investigated; semen

production and release, 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 maturity; increase and persistence
of spermatozoa output; semen gquality traits such as spermatozoa concentration
and the percentage of normal live spermatozoa; and the response to imposed

environmental treatmentse Semen release was more concerned with the
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psychological responses and semen resources of cockerels under varied
circumstancess

A few aspects of semen storage were investigated, and evaluated by
the potential fertilising ability of semen held in vitro for up to twentyfive
hours. Some temperature regimens were tested, together with several methods of
mrotecting spermatozoa in vitro by varying diluents and dilution rate.

Artifiicial inscmination was studied from two aspects: firstly in
the modif'ication of scemen to obtain optimum fertility; and secondly, the

physical procedures for depositing spermatozoa in the female gsenital tracte

Sesfengesiesg desk fesiode oo dege slesfe Pesleofe
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CHAPTER 1,

Review of Poultry Reproductione

Most animal research has been conducted on laboratory and domestic
mémmals, with scant and of'ten indirect attention to poultry. Until recently
poultry farming was not a major livestock industry and the pancity of research
into avian anatomy and physiology merely reflected the economic situatione
This was accentuated by basic anatomical differences between birds and the
large farm mammalse A brief review of the salient features of poultry and
bovine reproduction will introduce the thesis topic, and contribute to

conclusions exmressed in later chapterse.

1e1 Male Anatomy and Physiologye

The avian reproductive system like that of higher vertebrates begins
with the appearance of primordial germ cells, thought to arise as different-
iating buds from the germ wall endoderms Within about two days of incubation
the germ cells have circulated in the embryonic blood system and collected near
the future gonad site. They apparently migrate dorso-=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 morphologically
indifferent sexual period extends from the th#rd to eighth day of inaubation,
although physiological or genetic sex diff'erences are already presente

In the avian embryo the reproductive and excretory systems are closely
interrelatede 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 gemital  systeme Incipient ovarian cortex around
the medulla of the left gonad renders this organ potentially bisexual, whereas
the right gonad, mainly medullary tissue, is dominantly masculine from the

beginning and responsible for the ovotestis in some matwure femalese Medulla



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

cords from the germinal epithelium, and differ in their type and intensity 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 cellse At hatching all the definitive male
sexueal organs have appearede.

Spermatogenesis begins at about the seventeenth day of incubation,
with a four day phase of intense multiplication and transformation of the
primordial germ cells to spermatogoniae As the gonad develops around them
the spermetogonia assume their permanent position in the seminiflerous tubules,
then remain relatively quiescent for several weeks after hatchinge 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 chickse These quickly undergo a second meiotic division to produce
small distinctive spermatids, with a spherical nucleus surrounded by clear
peripheral cytoplasm. Spermatids are thought to metamorphose directly to the
sleek flagellated spermatozoa. Leghoarn strains may achieve spermiogenesis
by twelve weeks of age, but Parker, McKenzie and Kempster (1942) as cited by
Sturkie (1965), claim that fertility is poor until the males are about twenty-
five weeks olde Prior to discharge spermatozoa are buried head-first into
large non-germinal Sertoli cells which have migrated from the seminiferous
tubule wallse 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 fowr regions,



FIGURE 1

Reproductive Organs of Cockerel.

(Redrawn from Lake and E1 Jack 1966)
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distinguished by their origin or function (Lake 1957 a), (see Figure 1).

Paired sof't 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 reproductive activitye. 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 hilume The vasa efferentia and ductus epididymis
consist of a small cluster of tubules on the hilum, indicating a relatively
minor role in semen maturation in contrast to higher mammals (Mann 1964)e The
whole epididymal duct system is embedded in connective tissue and firmly
anchored to the dorsal abdominal cavity walle An intense holocrine secretion
from parts of the vasa efferentia epithelial lining, has been reported by

Lake (1957 a), and other epithelial activity in the sexually fit male, which
indicates some functional influcnce 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 round folds, on the distal 1ip of the proctodaeume Two discrete
lymph folds in the ventral proctodaeum, lie between the round folds and
ejaculatory ductse A vascular body traverses the ventral boundary of the
proctodaeum and urodaeum, between the two ejaculatory ductse The phallus,
lymph falds, vascular body plus ejaculatory ducts, are generally considered to

be the avian copulatory organ.
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162 Female Anatomy and Physiologye

Gonad differentiation in the female occurs from the fif'th 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
half'way through incubation. After hatching the right ovary persists in a
rudimentary form. If cortical tissue is present, the organ is capable of
developing 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 B,, and folic acid availability. Narmally only the

12
lef't Mullerian duct in the female gives rise to an oviduct and the right duct
degenerates about halfway through incubation, and usually a complete regression
occurs in the male embryo.

Qogenesis 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 fowr to five months, un-
til the first meiotic division just prior to ovulation.e An avian egg is

characterised by massive proportions of non-germinal, nutritional and

protective substances about the tiny germinal disce. The ovarian contributions
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can be considered at two levels; nuclear and cytoplasmic, which proceed
independently toward a synchronised maturation The cytoplasmic or yolk
accumulation continues very slowly until a rapid acceleration in growth occurs
in the fourteen days before the oocyte is due to ovulate. Meiosis in the
germinal portion, reduces the primary oocyte to a haploid secondary oocyte about
five to two hours before ovulation. The extruded first polar body remains
near the germinal disc beneath the oocyte vitelline membrane. If the fowl

is mated, the second meiotic division and extrusion of the second polar body
occur as a spermatozoon penetrates the germinal areas However, in an un-
fertilised secondary oocyte, meiosis is thought to be arrested at the second
metaphase, and the egg layed as suche Olsen (1967) suggests that diploidy
may be restored by the re-entry or nondisjunction of the second polar body,
leading to abortive, although occasionally successful, parthenogenctic
development.

Considering the complex procedure that daily egg production entzils;
from the sequential maturation of the oocyte nucleii and massive yolk formatio:
in the ovary, to the ovulation, fertilisation, and passage in the oviduct with
rapid deposition of more nutritive and protective substances transported by the
blood system, then oviposition; it is assumed that a neuro-hormonal system is
responsible for the synchronisation.

Hormones apparently influence the remoductive cycles in fowls much
as they do for mammalse The amterior pituitary produces follicle-stimulating
hormone (F.S.H.) which stimulates seminiferous tubule growth and spermatogenesis
in the male, and ovarian follicle growth in the females A luteinising hormone
(L.H.) similar to mammalian LH, is thought to stimulate development in the
testis interstitial cells and cause ovulation in the female. However,
investigators disagree over the composition and function of this hormone, ar
group, which has been named : ovulation-inducing harmone (0.I.H.), ar intersti-

tial-cell-stimulating hormone (I.C.S.H.), or avian IHe The hormone is



responsible for stimulation of interstitial Leydig cells in the male and the
induction of ovulation in the female, Prolactin hormone, also produced in

the anterior pituitary, induces broodiness in susceptible breeds and suppresses
FSH output.

At least three gonadal hormones appear in both sexes, but their site
of production and exact modes of influence are not clear. Androgens are
probably produced in the lLeydig or interstitial cells, of the testis and
ovarian medulla. The principal amdrogen, testosterone, is responsible for the
striking comb growth in the juvenile male, and together with other genetic and
physiological factors, influences the changes in cockerel voice, temperament,
libido and plumagee. Circulating testosterone has a suppressive feed-back effect
on pituitary LH outpute. Oestrogens have equally dramatic effects on the oviduct,
near the time of sexual maturity in the female. They are also responsible for
some sexual dimorphism, and influence the accelerated metabolic processes for
egg moduction demands. Oestrogens are probably produced in the theca cells
of maturing follicles.

Progesterone is thought to be produced in both sexese Fraps (1955)
has suggested that progesterone could be the 'excitation hormone', 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 OIH from the pituitarye. The pitu-
itary is responsive from about 11 p.m. to 8 a.m., thus the ovulation which occurs
about six hours after OIH release, is confiined to 5 aeme to 2 pem., with
oviposition about twentyfour hours later.

During a laying phase, the avian reproductive tract is geared to
daily ovulation, egg formation and oviposition. Normally the right ovary is
rudimentary and the right oviduct regresses complefely in the adulte The left
ovary is suspended by mesarchium near the anterior-ventral surflace of the

kidneyse It consists of an irregular medullary stroma, histologically similar



Reproductive Organs of Pullet,

(Redrawn from Sturkie 1965)
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to the testis interstitial cells, surrounded by the cortical tissue. Sev-
eral thousand vasculated follicles all containing an oocyte, arise from the
ovarian cortex, and mature sequentially under hormonal control. Only a small
fraction of the follicles are ovulated.

The oviduct consists of five distinct functional partse A funnel-
shaped infundibulum lies partially free-moving in the abdominal cavity below
the ovary, and is stimulated to engulf the ovum immediately af'ter ovulation.
The magnum is a long and highly glandular 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 uterine
fluid and salt mixture dilate the sof't contents as the egg shell components are
deposited, over another eighteen to twenty hours. A short Jjunction separates

the uterus from the vagina which opens into the cloaca.

143 Resemblance of Avian and Bovine Reproduction.

Artificial breeding has been applied to dairy cattle on a large
scale; 1initially 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 into
bovine reproduction and artificial breeding has some application for poultry.

Although the basic reproductive processes are common to all verte-
brates, the physiological and behaviarral sequences varye The most important
diffeerence: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 techniquese 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 thermo-
regulatory control is maintained by muscular elevation to the optimum temperature
for fertility. Separate vasa deferentia extend from each testis through the
inguinal canal, forming 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 mammelian accessory organs (Nishiyama 1954), or not (Lake 1957a, Lake

and McIndoe 1959), although Lake (1957a) notes some impartant 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 biochemistrye.

Bovine semen is composed of spermgtozoa, 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
af'ter artificial stimulation, or extracted from the vasa deferentia. Neither
method would necessarily obtain the natural ejaculated semen. Mammalian semen
composition varies greatly hetween species, partly due to the relative contri-
butions of their accessory glandse

Examples of mammalian and avian semen volumes and spermatozoa
concentrations, of ejaculated semen (from Mann 1964 ), are shown on the

following page:
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TABLE A.
Species Vol. Ejaculate (mle) Spe. Density (per ple)
Bat 0.05 6,000,000
Boar 250 100,000
Bull L 1,000,000
Cock 0.8 3,500,000
Drake 0.3 3,500,000
Man 365 100,000
Turkey Oe3 7,000,000
Ram 1 3,000,000

Seminal plasma in the bull is composed of secretions from the
epididymi, vasa deferentia, ampullae, seminal vesigdes, prostate, bulbo-
urethral and urethral glands; and serves as a medium and Vehicle for
spermatozoa., Accessory organ secretions are initiated and controlled by
androgens produced in the testes. The secretions are characterised by the
presence of such substances as citric acid, fructose and glycerylphosphoryl-
choline, which rarely occur in such high concentrations elsewhere in the hody.
Granules and globules, apparently of cellular origin, in the secretions indicate
continual changes in the epithelial structure of the glands.

Some of these features apply to the fluid arising from the cloacal
tissues of the fowl, during semen collection. Nishiyama (1954) suggested
that the copulatory organs correspond to the accessory glands of mammals with
respect to physiological function, from his experiments recording the effect of
androgen on the cloacal tissue. Lake and McIndoe (1959) considered that
natural seminal plasma was derived from the testes, epididymi, vasa efferentia,
and vasa deferentia, with small and incidental additions from the cloaca during
matinge

A natural ejaculation in the bull is instantaneous, bit with electric
stimulation it is possible to collect several split-ejaculate fractions, which
can be attributed to one or more regions of the genital tract. Citric acid and
fructose originating mainly from the seminal vesicles, and glycerylphosphory-

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

are presented in Table B, from tables compiled by Mann (1964 ), Lake, Butler,
McCallum and McIntyre (1958a), and Lake and El Jack (196L4)s The wide range of
most values indicates the large variation incurred by artificial methods of semen
collectione

TABLE B,

(Bull values are semen concentrations, cock values are
seminal plasma concentratdions).

Cock Bull
mg/100 ml, Range mgﬁoo ml. Range
Calcium 8 669 = 943 34 24 - L5
Chloride 205 197 - 212 371 209 - 433
Citric Acid negligible 720 340 -1,150
Creatine 92 72 - 112 3
Fructose none from testes or ducts 540 280 - 770
Glutamic acid 1,067 890 -1,340 0e35
Glycerylphosphoryl-
choline 350 110 = 496
Lactic Acid 3L 35 20 - 50
Non~protein nitrogen 177 14,0 - 275 48
Potassiun L3 39 =49 288 150 = 415
Pyruvic Acid 29 Le7
Sodium 295 379 = 428 109 57.- 201
Mating

In domestic dairy cattle spermatogenesis and breeding proceed
throughout the year in most environments, with the peak of sexual activity
during the summer in temperate climatese The cow displays 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 matinge

Ovulation occurs from two to twentysix hours after the end of oestrous
and the ovum is capable of fertilisation for up to six hours, in the fallopian
tubese 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



138

the female tract for capacitation, and retain their fertilising capacity only
twentyfive to thirty hours after ejaculation. 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,
ovulation, Under natural or farm conditions the bull is required to mate far
less than a cock, but it is imperative that functional spermatozoa are available
when an oestrous occurs. If conception does not occur the cow will continue
oestrous cycles with ovulations every three weeksy but if fertilisation and
implantation are successful, the cycles will not normally resume until at least
three weeks af'ter calving,.

Important differences in avian and bovine reproduction cen be noted
here: the domestic hen ovulates daily and has the capacity to retain functional
spermatozoa in-vivo for about fourteen days and sometimes up to thirty days,
while the cow ovulates every three weeks and can not store sperm in the oviduct
over twentyeight hours. Whereas the cow will only mate near the time of
ovuletion, the hen will mate at any time virtually irrespective of egg mroduction
or the number of spermatozoa glready in the oviduct.

Fewer differences distinguish male mating behaviour. Mating is
initiated by the cock, and subject to time of day and environmertal stimuli,
rather than any condition 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 females 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.

sesfe sl slesfe rfesfe ok Mo Sesleieofedeoe
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CHAPTER 2.

Semen Production and Release.

A, Review.
An insemination programme is dependent on the ability of the male

fowl to release functional semen when it is artificially stimulateds Two
sets of factars are responsible: intrinsic effects on semen production, and
interacting mental and physical influences on the release of semen. Vhere
poultry management is satisfactory, semen release is usually the limiting

factor during a collection,

261 Spermetozoa Production.

Physioclogical aspectse

It is difficult to assess the mrecise effects of nutrients
on sexual activity, from the literature availeble.

Restricting protein to growing males has been shown to reduce live
weight gain and delay sexual maturity, but full restoration of spermatogenesis
occurs when adequate protein is available (Wilson, Waldroup, Jones, Duerre
and Harms 1965). Jones, Wilson, Harms, Simpson and Waldroup (1966),
demonstrated that sexual maturity was delayed by 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% to
16.9% mrotein for thirtythree weeks, but concluded that the range was insuff-
ient to cause importamt changes as all emino acids were above minimum
maintenance levels in the low-protein ration.

A restriction in energy intake causes a more severe decline in

spermatogenesis. Parker and Arscott (1964), reported significant declines
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in semen volume, semen fertilising capacity, body weight and testes weight,
where daily energy intake was decreased from 230 Calories to 143 Calories.
They suggested that an energy restriction responsible far an 11 to 16¢ loss

in liveweight would also decrease semen 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 (1959), reported severe
effects from hypovitaminosis A on reduced spermatozoa motility and density,
increasded % 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 (1966), demonstrated that vitemin E was effective in countering
the effects on reduced fertilising capacity and spermatozoa concentration, of
high levels of unsaturated linoleic acide Semen volume, hatchability of
fertile eggs, body weight and testes weight were not significantly affected
by hypovitaminosis E (Arscott, Parker and Dickinson 1965)s  Recently
vitamin C has been implicated in semen decline during high temperaturese.
Perek and Snapir (1963), found supplementary ascorbic acid during the summer
months in Israel, stimulated faster growth rate and earlier sexual maturity,
and maintained higher semen production in mature males. Perek (1965, 1966),
suggested that under certain conditions fowls are incapable of synthesising
their ascorbic acid requirements, and depend upon exogenous supplies to

maintain sexual activitye

Many diseases adversely affect the sexual activity of males, but
specific influences on spermatozoa farmation and quality, have not been

investigated.

Genetic variations in semen production have been well documented.

Differences between strains in the onset of spermatogenesis and sexual aectivity,
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sexual maturity (Williams and McGibbon 1956, McDaniel and Craig 1959, Seeki
1963b, Tindell and Arze 1965, Fomin 1966), and the persistence of semen
production (Perek and Snapir 1963), indicate inherited traits. Some factors
of semen quality are considered to be genetically determined; Cooper and
Rowell (1958), reported that most of the variation between cocks'infertility
was attributable to spermatozoa motility, % dead or metabolic activity, which
are themselves relateds Soller, Snapir and Schindler (1965), derived the
heritability and repeatability of semen volume, O.41 and 0.78;

spermatozoa concentration, O.46 and 0.79; and spermatozoa motility, 0487

and 0.83; respectively. Saeki (1962 b), reported highly signif'icant
differences 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 significent correlations 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 rearing, but without
impairment of potential fertilising capacity. Goodwin, Cole, Hutt and
Rasmussen (1955), considered inherited endocrinal abnormalities of cockerels,
could have been partly responsible for low fertility in a strain of
Leghorn fowlse.

There is some doubt whether semen quality is affected by the
frequency of ejaculation and release of semens Boone (196&), 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 an

increasing percentage of abnormal spermatozoa from males rested more than twe
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weeks, and a return to normality after frequent-ejaculation.
Lake (1962 a), concluded that spermatozoa production wes maintained
in the adult fowl, and fluctuated less than the seasonal changes of mating

behaviours.

Environmental Aspects.

Temperature eff'ects on semen production are closely related to
otker envirommental factors, particularly the light and season. Apparently
spermatogenesis is not curtailed by a wide range of ambient temrerctures;
Lamoreux (1942), observed no relationship between temperature and infertility
over five years, when the weekly mean ranged from 230 to SOOF. Long and
Godfrey (1952), found no evidence for reduced fertility cr natural mating
of males, in temperatures ranging from 12° to 88°F. providing there was no
freezing injury, but observed that mating declined in periods of high
minimur: temperature., Probably some temperature influences on semen
production are indirectly effective through feed consumption, humidity,
light and ag ing. In Israel, Perek and Snapir (1963), and Perek (1966)
found no carrelation between temperatire and spermatczoa concentration or
semen volume, Kamar and Badreldin (1959), suggested that environmental
factors influenced semen through endocrinolagical paths; temperature vie
the thyroid gland, and light via the pituiterye. They found no restricted
breeding season with Fayomi cocks at Giza, Egypt, but thought that
seasonal effects on qualitative traits could differ from those on gquantit-
ative aspects such as semen volume or total spermatozoa, because of different
anatomical origins of semene Higher temperatures were demonstrated to
accelerate sexual maturation in cockerels, but after maturity caused a
refractariness in spermatogenesis which was accentuated by excess light
(Ingkasuwan and Ogasawara 1966)s In a controlled and specific experiment
Boone and Huston (1963), increased ambient temperature by 10°F. per hour, to

1OL°F. and 6% relative humidity, but failed to get any constant significant
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effects on mature White Rock malese Semen volume and spermatozoa
concentration declined in some trials, but without any correlated fertility
effectse Apparently 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 gonodotrophin secretion from the pituitary (Benoit
and Assemnacher 1959), and by mroviding the bird with long feeding time.
Growing cockerels respond to light stimulation 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 regimese 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 daye. This was confirmed by Wilson, Siopes and Mather (1965)
with Japanese quails Hays (195.), 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 lighte.

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 McCluskey (196L), suggest that the fertilising
potential of adult male fowls is not directly signif'icantly affected by
photoperiodism, and that reduced light regimes may favour extended semen
production. Bajpai (1963), reported significant improvement in the semen
quality 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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signif'icant changes in the percent live or normal and density of spermatozoa
do not necessarily preclude variations in fertilising capacity of semen.
Light cycles, probably with associated inf'luences of feeding and
mating activity, are considered to produce a diurnal rhythm in semen
production indicated by mitotic activity in the testes (Lake and WoodGush
1956)s  MacCartney (1942), detected a significantly higher number of divid-
ing cells in the period between 1330 and O400 hours, than between 0600 and

1130 hours, with maximum activity at midnight.

Seasonal influences are considered to arise from age, light,
temperature, and other non-specific factors which vary with stocit, management
and location. Investigations in the temperate latitudes suggest that semen
fertilising potential is highest in the spring, but it is difficult to
generalize further (Parker and McSpadden 1943 a, Schindler, Volcani and

Weinstein 1957, Kamar and Badreldin 1959, Perek 1966).

Housing, management and sexual activity, have been implicated in
environmental effects on semen moduction. Vhen individually caged, males
have no natural opportunity to release semen, and El Jack and Lake (1966),
reported a decline in spermatozoa quality which they attributed to
senescence in the reproductive tract. Alternatively (Fomin 1965),
postulated that excess semen release accelerated spermatogenesis, resulting
in the production of weaker spermatozoa with reduced fertilising capacitye.
Both investigations suggest that spermatozoa quality is dependent on an
optimum release rate of semen.

The effects of housing males away from the females, in separate
cages of flocks, have not been clearly resolved. Siegel and Beane (1963),
and Woodward and Abplanalp (1966), recorded significantly larger semen
volumes from caged cockerels and turkey males, respectively, although

Parker and McCluskey (1959), considered semen volume was not affected. Al
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the reports confirmed that fertility was not impaired.

262 Semen Release and Collectione

Collection of semen satisfactory for insemination is relatively
easy in the fowl, If functional spermatozoa are present in the reproductive
tract, the bird can be sexually stimulated and induced to ejaculate them.

The success in obtaining adequate and pure semen, depends on a physical and

psychological interaction between bird and man.

Release.

The psychology of ejaculation in fowls is not well documented.
Most authors assessed the mental state of the male during artificial semen
collection or natural matings, by the display of libide, courtship, social
aggressiveness, and other non-sexual emotions such as fear, Lake (1957 b),
classif'ied male temperament and reaction to collection, as quiet, excitable
and frightened, and related the composition of the semen ejaculated to the
temperament, handling method and stage of breeding cycle. McDaniel and
Craig (1959), estimated the phenotypic associations of social aggressive-
ness, and sexual effectiveness ar libido in cockerels and crouches elicited
in pullets, as being signifiicantly correlated with one another in natural
matingse For caged males, the genetic determination of 1libido may be less
effective in modifying semen release than the response to handling or
training habits (Wood-Gush 1960 ).

Ejaculation is extremely rapid during mating or artificial
collection from the cockerel. Semen in the bulbous distal vasa deferentia,
is expelled through the ejaculatory ducts onto the erectile tissue of the
proctodasum probably by muscular contraction of the anal sphincter. After
relaxation of the muscles, abdominal pressure forces semen from the proximal

vasa deferentia into the bulbous distal end (Burrows and Quinn 1937).
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Physical responses during artificial stimulation vary; massage is not
necessarily followed by spontaneous ejaculation and some mressure near the
vent is usually required to express the semen. Further responses to massage
are progressively harder to elicit and the quality of the ejaculate usually

deteriorates (Lake 1962a, 1967).

Artificial collection.

Several different methods of extracting or collecting
functional semen from cockerels, have been reviewed by Burrows and Quinn
(1937), and Kamar (1958). Apart from killing the males and squeezing
semen from the vasa deferentia, semen maybe extracted from the cloaca after
mating, or intercepted by artificial cloacas or contraceptives during a
natural matinge. Most of the recent methods are one or two-man adaptations
of the massage and stimulation technique described by Burrows and Quinn (1937).
Gabriel (1957) outlined a method of restraining males in an inverted cone
during collections, and some investigators have strapped the birds to small
trestles to reduce resistance and obtain good quality semen, sometimes without

touching the copulatory argan (Kamar 1958).

The frequency of semen collection from individually caged males,
influences both the semen guality and the learned response to handling.
There is general agreement that good and frequent collections predispose
faster and more natural cockerel responses, but the relationship between semen
turnover and quality is not resolved (McCartney, Chamberlin, Carter and

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

2.3 Semen composition and ewaluation.

Physical and chemical characteristics.

Semen consists of solids and fluid arising from several

anatomical structures, mixed at varying 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 opague
fluid secreted in the epididymi 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 ureterss Yellowish fatty material
observed in the semen from some young cockerels was considered to be debris
from the maturing duct systeme Blood transudates and red blood cells which
were squeezed from superficial sinuses in the erectile tissue, and faeces,
were atiributed to poor collection technigue.

Bacterial contamination occurs as the semen passes through the
cloaca and during storage in-vitro. Gale and Brown (1961), demonstrated
that turkey vasa deferentia semen was free of bacteria, but obtained
concentration estimates of from nil to 2,700 million bacteria per sample

of ejaculated semene

Chemical analyses of semen reflect the variations between ejaculates,
particularly in the propaertions of cloacal fluidse A more comprehensive
record of analyses is presented in Table C, which augments the imtroduction

in Section 1.3. Table C is shown on the following page.

Spermatozoon structure.

Fowl spermatozoa are cylindrical motile cells, about 100
miorons in lengthe The head region is composed of a large dense nucleus

which is capped anteriorly by acrosome material (see Figure 3), including a
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(4) Hammond, Boone and Barnett (196L4);
6) Ahluwalia and Graham (1966 a);

8) Lake and E1 Jack (1966)e

TABLE C. Chemical Analyses of Fowl Semene
Seminal Plasma Spermatozoa Reference
Average S.D or Range Average S.D
Calcium gckl) 3¢3 mEg/L + 0uk5 1
" cock) 348 " + 0485 1
it 8 mg/100ml + 0.9 1
n Le2 " + 062 5
& 7.0 L. E Oolt L
" 2.0 mEq/L 8
Sodium gckl) 171 " + 8 1
9 cock) 187 J +16 1
" 393  mg/100ml 17 1
" 38341 " + a2 5
" 33747 " +179 L
" 161 mEq/L 8
Potassium (ckl1) 12,6 " + Tal 1
" (cock) 17.0 v * 1.7 1
n 43 mg/100ml ¥ 4 L
" 5063 n + 4.3 5
o LL.8 " + 2476 4
" 13.0 mEq/L 8
Phosphorus 7¢5 mg/100ml + 71 902 mg/100ml+L8 3
Chlorine 205  mg/100ml % 7 1
0 15fe2 ™ + Lot 5
v L97.3 " +27.7 L
" 37.0 mEg/L 8
Magnesium 6e1 mg/100ml + 062 5
" 5.0 mEq/L 8
HFO, _ 2,0 m 8
HOOH 20,0 " 8
Non3protein nitrogen 176.8 mg/100ml +37.5 2
Pyruvic acid 2.9 L + <05 5
Lactic acid 3 L + 1.2 5
2-oxo-glutarate 21.1 g + 2405 5
glutamic acid 1067.5 . + 136 2
4 1033 it Il 1
B 1178 U 192.5 mg/100ml 7
creatine 92.4 L 367 2
arginine 1845 " 10,7 " 7
lysine 24 . 12,8 " 7
amnonia 362 it 15.8 " 7
urea 2964 o 0 7
nitrogen 180 " L
inositol 2064 i gsel " 6
glucose 361 I 112 " 6
glycerol 2.8 i 6
erythritol 560 M 6
References to Table C: (1; Lake, Butler, McCallum and MacIntyre (1958);
(2) Lake and McIndoe (1959); (3) Lake (1962b);

(5) Lake and E1 Jack §1962+);

(7) Ahluwalia and Graham (1966 b);



From DINGLE & McCOSKER (1867 ). FIGURE 3

DIAGRAMATIC PRESENTATION OF THE
MORPHOLOGY OF THE SPERMATOZOON
OF GALLUS GALLUS (DOMESTIC FOWL)

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.
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spine which extends into the nuclear material and is characteristic of
poultry spermatozoa.

The midpiece region comtains two centrioles and axial cylinder
enveloped by a mitochondrial helix of seven gyrae, (Dingle and McCosker 19%7).
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 ring 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 material at
the endpiecee

A plasma membrane surrounding the whole cell appears loosely
attached at the head and midpiece, and mrobably causes the confusion over

cytoplasmic drops and sheaths in the investigations of fowl spermatozoa.

Semen evaluation.

In spite of extensive research over many years, investigations
have not been able to predict the fertilising capacity of spermatozoa from
laboratory examination of normal ejaculatese. Extreme features of aspermic,
grossly contaminated or degenerated semen, can usually be detected at the
time of collection,

The main criteria of semen quality currently used are: semen
volumae; spermatozoa concentration; spermatozoa motility (Cooper and
Rowell 1957, 1958, Perek 1966); resazwrin reduction time, or other methods
of indicating spermatozoa metabolism by chemical changes; percent live
spermatazoa (Bonadonna, Pazzi and Olgiati 1954 ); percent abnormal spermatozoa

(Saeki and Brown 1962 b); resistance to temperature shock (Wales and White
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1959); and changes in initial hydrogen ion concentration (Snapir and Perek 196L).

Be Researche

2els Materialse
1e Stocke
Males from two strains of single-comb White Leghorns, referred to
as White Control (WC) and M Line (ML), together with one Black Australorp strain
(A0), were retained from March 1966 to August §967 solely for thesis experimentse

The WC males were a heterogeneous group derived from reciprocal
crosses of a large-bodied unmroductive strain which had been developed at Massey
University, and the M Linee. The cockerels averaged 5.8 1lb. live weight on
one year of agee

ML stock had been imported from an Australian C.S.I.R.0. line select-
ed for high egg production, in 1960 The cockerels were phenotypically
uniform, tight feathered, alert, and slightly smaller than the V.C.

The A0 males were a large-bodied, loose feathered and heterogeneous
group derived from three New Zealand strainse Average live wezight 2t one year
of age was 8¢5 lbe, but the range extended from 6.7 to 10.7 1lb.

All the males were intensively reared on deep litter, in one
controlled environment shede From hatching, the stock received ten hours
light per day provided by dull red bulbse All cockerels were debeaked at one
or two days of age,

At nineteen weeks of age, during March 1966, all the stock were
moved to another controlled environment shed, where they remained for
their productive lives. The cockerels occupied individual cages

adjacent to six three-tier batteries containing three thousand lgying hens.
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Cockerel cages.
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position of original water trough
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top of sliding door to cage



In December 1966, twenty of the cocks were retained for

natural matings over the summer, During this time, two cocks and app-
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roximately fifteen hens per pen, were housed on deep litter in small open

front laying pens. Twelve of the original sixty males, were returned

individual cages in March’1966 for the remaining experiments.

2. Environment.

The cockerels were reared in mixed strain and sex
of approximately 300 chickens. Natural matings occurred frequently
during the juvenile stage, however it was impracticable to assess sex or
strain social relationships.

Cockerel cages were situated five yards from the nearest,
parallel laying battery. Individual capes were one foot wide and two
feet deep and high, with vertical wire slide doors six inches above the
cage floor (see Plate 1). The sixty cages were suspended two and one
half feet from the floor, in two rows of thirty fused back to back.
Running water was provided in a V-shaped trough which traversed the rear
partitions of the cages. Long feed troughs suspended below the cage
doors were subdivided during nutrition experiments.

Some temperature control was maintained by the manipulation
of low wall vents and reversible fans at the apex of the shed. The
mean diurnal range varied less in the winter months, as under local
conditions the building was better equipped to conserve than repel heat.
Daily maximum and minimum temperatures near the cockerel cages were
recorded over the 1966 experimental period; the fortnightly average
values are presented in Table D and Figure 4. Table D is shown on the
following page.

Feed was distributed thrice weekly and available ad 1lib to

the cockerels. The ration, a layer's mash, was estimated to contain

to
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TABLE D.

May June Jul, Aug. Sepe Octe. Iove Dec.
1-15=-31 1-15-30 1-15=31 1-=15-31 1-15-30 1-15-30 1-15-30 1-15

Maxs 63 60 61 58 58 57 58 5961 64 64 66 68 67 69
Mean 57 55 5 53 54 52 53 535 57 57 60 57 60 63
lline 51 L8 50 48 L9 47 47 L7 50 51 50 53 B4 53 57

15% crude protein, 2,7} fat, 2.7% ash, and 1331 calorics mctecbolisable energy
per lb. Wheatmeal, at 55¢5 was the main grein constituent:. he premix
contained santoquin, 2 oz Trelcovite (containing 8 million I.U. vitamin A

per lbe; 2 million AOAC units vitamin D3 per lbe; and 4 ge vitamin B2

1h), plus 0.6 oz. selenium premix plus 1 ge vitamin E plus 2 ge manganese

per

sulphate, per 100 1lbe of fced; and stone grit was always availeble.

Routire activities in the vicinity of the cockerels included daily
autonated feeding of {he pullets, daily egg collections, and twice daily
removol of manure trayse. Specicl activities, which tended to excite the
cockerels, included sermen collection and insemination handling; spraying
deodorant; cleaning fon cases; moving feed, and visitarse

Lighting was vprovided by three pairs of white LO watt bulbs suspended
three feet above each row of the cockerel cages, spaced about ten feet apart.
The daily light period was increased to twelve hours during lNarch when the stock
entered the laying shed ot nineteen weeks of ages Then agsregate egg
production reached 705, in early May, the light period was increased by

thirty minutes per weck to sixteen howrs daily and held constant thereafter.

3 Equipment,

Pyrex centrifuge tubes were used to collect and store semen.
A1l the tubes were hand calibtrated with a diamond pencil to metered water
volumes from a burettes A reading accuracy of 0,05 mle under 0.5 ml.,
and Oe1 mle from Oe¢5 mle to 1e5 mle, could be obtained, and normally only
one ejaculate was collected in a tubes The tube capacity of 15 ml. and

stem length of over four inches, allowed for diluting and mixing semen.



PLATE 2.



Equipment used for semen collection and artificial insemination

tinfoil capped centrifuge tubes in rack.
insemination syringe with affixed cannula.
rubber blow tube and micropipette of 0,025 ml. capacity.

alternative glass cannula and 15 ml. centrifuge tubes used
for the collection and storage of semen.
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VYhen the samples were exposed to dust, tinfoil milk bottle tops were pressed
over the tube tops (see Plate 2). Syringes and small pipettes were used

for inseminations. Insulin syringes with a 2 ml. capacity were adapted for
rapid use by inserting a return spring on the plunger ond a brass tube

around the bore, which limited the capacity to a metered fraction of a
millilitre. Glass cannulae, about three inches long and e quarter inch bore,
or eye droppers with tapered bulbous tops, were fitted onto the syringes to
hold and convey semen into the vagina. Two pipettes with capacities of

06025 mle and 0410 ml., were attached to a rubber blow tube for use in

experimental inseminations.

Several diluents were imvestigated.s  Zvaluations of pasteurised
whole milk, Tyrode solution, Locke's solution and a sodium-phosphate buffer,
are recorded in later chapterse The chemical composition of all the
diluents ere presented in Appendix Be

A nigrosin-eosin dye, composed of 30 ge nigrosin plus 5 ge eosin
in 300 mle. distilled water, was used throughout the study.

A "0lympus", ilodel ZCHBI light microscope with T 10X eyepiece
and 10X, 40X, and 100X objectives, was used for all microscopic assaye.

The 100X objective was used with Cargille grade A oil, for inmmersion
studies of stained smearses

A "Assistent" bright line improved, double Naubauer ruling,
haemecytometer, was used for spermatozoa concentration countse The
chamber consisted of one square millimetre divided into twentyfive squares,
all of which contained sixteen squares with an area of 00025 square mme A
gap of Oe1 mme separated the chamber and coverslip.

Glass.capillary tubes of one eight inch internal bore and four
inches long, were used to contain semen in packed cell volume estimatess.

An incubator run at 100°F. was used for fertility tests.
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. Semen collectione

Pressure around the vent being applied during the second phase of
stimulation during collectione. After ejaculation the left hand
is moved from massaging the cockerel's back, over the tail, to
direct the semen release.
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265 Methodse

1o Collectione

Ejaculates were collected by a one-man adaptation of the

method proposed by Burrows and Quinn (1937). Cockerels were removed feet
first from their cages and placed breast down on the operator's lap. The
bird's legs were held above the hocks by the right hand, leaving the left
hand free to massage the sacral-lumber regions and direct the ejaculation which
followed (see Plate 3)e Semen flow was guided into a tube by gentle pressure
on the extruded copulatory organ (see Flate L)« The tube base was firmly
gripped by the thumb and forefinger ofl the right hand. This allowed for
lorge variations in the size and anatomy of cockerels, and conveniently warmed
the part of the tube where the semen quickly settled. Tubes were then placed
upright in a rack, and incompletely sealed with tinfoil caps.

The physical response and psychological stote of cvery male during
semen collection, werc assessed by the number of stimuletions required to
elicit semen release, and the display of excitement after handl.ing, respectively.
A stimulation consisted of one or more massages and slight pressure around the
copulatory argan if the cockerel ejaculated. Sexual desire of cockerels
was subjectively scored from O to 5, as libido. The assessment was made on
the intensity and duration of courtship behaviour, such as strutting and
clucking, immediately after semen release when the cockerels were returned to
their cagese Vhere possible, males were handled in the same manner and

sequence.

2+ Semen eveluation.

1« Semen volume was recorded immediately after ejaculation,
when the fluid had settled in the centrifuge tube. Faecal and urinary
conteminations and debris, and the proportion of cloacal fluid, were noted

during the collection.
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PLATE lLe Semen collection.

Semen is being expressed from the tip of the copulatory organ by
gentle pressure and streams into the collecting tube. Character-
istically, ejaculation was induced quickly and easily from the
Australorp cockerel and the copulatory tissue subsided and reverted
unless foreibly restrainede The semen illustrated, has been
deposited exteriorly and appears relatively concentrated and
uncontaminated by excess cloacal fluid ar excretas
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2 (a) Subjective estimates of spermatozoa concentration
were made by determining the opacity of a fresh semen sample swirled in
natural light. Opacity was scored from O to 11, and concentration derived from
a regression line presented in Figure 9.

(b) Packed cell volume estimates of spermatozoa concentration,
were made by centrifuging two or three inches of whole semen in a capillary
tube, at 3000 RPM (1277 RCF), for fortyfive minutess A semen sample was
sucked into the tube, the lower end was flame sealed, and two samples per
ejaculate were centrifuged. Solid matter and supernatant plasma were clearly
demarcated, and were measured in the tube, to an accuracy of 0,03 inches, or
by the shadow cast on graph papere «

(c) For haemacytometer counts semen was drawn into a red
blood cell pipette to the 0.5 markx, or 1.0 mark if very dilute, and mixed with
diluent drawn up to the 101 marke One drop of the mixture was released onto
the counting chamber and immediately contained by a coverslipe When the fluid
was stationary, entire spermatozoa in forty small squares were countede Five
large squares of each row and column were randomly chosen, and eight of the

sixteen small squares within these were observed for spermatozoae.

TABLE E. Haemacytometer squares observed for spermatozoa.
L
1 3
6
6 8
13
9 1
20 1, 16
22

Large squares Small squarese.
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In a few instances two separate samples were drawn and counted for
heterogeneous ejaculates. Spermatozoa were considered to lie in a square if
the head eand midpiece lay wholly within or extended over thke right or lower
marginse

Spermatozoa concentration was calculeted by:

No. sperm x dilution rate = 1 1
No. squares counted area square (mm)e - depth of charge (mm).

per cubic millimetre. Counts were made with LOO x magnification.

3« Dead and abnormal spermatozoa were detected in samples
stained in nigrosin-eosin, at 1000 x magnification. About O.1 ml. of semen
was diluted 7 or 3, depending on viscosity, with diluent, and mixed in the bulb
of a red blood cell pipette with an equal volume of dye. Two drops of the
mixture were released onto a glass slide, smeared and air dried, and studied
under oil immersion.

A total of five to seven hundred spermatozoa were counted in

several fields of abservation, to estimate the percent live. If the smear was
irregular or inadequate, another sample was drawn from the ejaculate, Abnormal
spermatozoa were recorded at the same time.

Le Motility was subjectively assessed from 100X and 400X
magnifications of one drop of whole semen under a coverslipe Two O to 5
scales were used; the first for general swarming motion, and the second for the

proportion of spermatozoa displaying movement.

3¢ Artifiicial inseminatione

A method of insemination without wholly removing the pullets
from their cages, was adopted after trial techniques of everting the cloaca (see
Flate 7)e The pullet, pulled feet first beneath the feed trough so that the
abdominel region could be manipulated, remained in a familiar environment.

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

constant pressure anteriorly from the vent with the right hand. Extra pressure
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was obtained by manipulating the bird's hockse A few recalcitrant pullets
couléd not be made to evert until they were lifted from their cages and strong
constant pressure was applied to the lower abdominal region (see Plate 8)e A&
second operator carefully penetrated the everted vaginal opening for four to
five centimetres with a glass cannula attached to the syringe. dWhen pressure

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

Lo Fertility tests.

For most experiments fertility was computed on an individual
pullet basis, as the percentage of eggs which were fertile. Treatment fertility
was computed as the average fertility of the pullet replications.

Eggs for fertility tests were collected from the second day after
insemination, and stored stationary in a cool room at 10°C. for not more than
eight dayse After twentyfour hours incubation, the eggs were broken out onto an
illuminated glass platform and the germinal discs were examined macroscopically.
Those displaying normal embryonic development were classified fertilee. Doubtful
Giscs were examined under magnification and compared with diagrams of fertile and

unflertilised, unincubated germinal discse

2.6 Experiments.

Investigations of several aspects of semen production and release,
were extended over twelve months for convenience of labour and assessing age
and seasonal influences.

Al]l the tables of results and analyses are presented in Appendix A.

Tables are composed of original data, although an arcsin transforma-
tion of all percentage results was considered necessary for analyses and
comparison between means. Where comparisons were significant, the transformed
treatment means and significant differences between them, are included in the

texte With few exceptions, only the 1% and 5% probability levels of

significance were applied to differences between means, correlations or t testse
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Experimental methods and results are reported here, and a discussion

of the results follows in section 2.7

Semen production:
Experiment 1 Nutrition : protein and energy level effects on semen
volume.
" 2 Light : pre-collection light stimulation.

" 3 Age and season influences on semen qualitye.

" L Genetic : semen characteristics of three strains.
Semen release:
Experiment 5 Hour of semen collection.
T 6 Collection technigues.
e 7 Semen exhaustion with frequent collections.
L 8 Evaluation of spermatozoa concentration estimatess

EXPERIMENT 1.

Methods.

Four combinations of dietry protein and energy levels were
tested on cockerel semen productione Two crude protein levels, referred to as
high protein (HP) 16.30%, and low protein (LP) 10.35%, were achieved by varying
the casein level from 1% to 8% of the diete Untanalised pine sawdust was used
to dilute the energy levels and up to 27% sugar to increase theme The high
energy (HE) level was estimated at 1298 Calories metabolisable energy mer pound,
and low energy (LE) at 946 Calories ME/1b. The contrived differences between

the rations were as follows:

Ration A 10.35% crerrotein; 946 Cal./1b; Cal/prot. = 90
Ration B 10.35% " ; 1298 LI " =125
Ration C 16.39% L 3 96 ¥ 5 J = 58
Ration D  16.30% v ; 1298 2 3 J = 80

Complete ration analyses are presented in Appendix Ce
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The experiment extended for seven weeks from October 1966, and was
divided into six, eight day periods for time trend analysis.

Twenty males of each breed; Australorp and WC White Leghorns (WL),
in contiguous cages, were tested with five randomly selected replications per
ration. Initial and final group live weights are presented in Table 1B.

A11 the rations were fed ad 1lib; they were weighed-in thrice weekly
and cleered every three weekse 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 1430 to 1600 hours,
using the same apparel and sequence of collection every timee

Individual semen volumes were recorded for every collection and are
presented in Table 1A as the average of two consecutive collections per eight
day periode Spermatozoa concentration estimates were made on the first and last
collectionse Spermatozoa per ejaculation, were computed from volume and con-

centraetion, and are presented in Table 1C.

Resultse
Semen volumes were analysed as a three-factor experiment with
randomised blocks in Table 1A. Figures are the average volume in millilitres,
of two collections per eight day period from individual cockerels.

Average semen volumes in millilitres

Period Mean Ration Mean Breed Mean

3 07223 D (HP.HE) «7988 A0 .7903
2 «6893 A (LP.LE «5958 WL <1911
L 6545 B gLP.HE « 5880 D oy = .0928
1 «6100 C (HP.LE e 5262 °
5 05913 D 05 = 01307
6 «L4960 D‘o1 = <1584

D.Os = 01773 °

D.01 = .209"0’

1« There were no significeant interactions between the factors tested.
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2. Semen volumes were significently higher in period 2 (P¢0.05), and
period 3 (P<0.01), than period 6.

3, Semen volumes were higher (P<0.01) from cockerels fed ration D, than
rations A, B and C, which themselves were not significantly different,

L4es Australorps volumes were signif'icantly higher than Leghorn.

Average number of spermatozoa per ejaculation in millions.

Collection Mean Breed Mean
First 222168 AO 233463
Last 152562 WL 14154

5« There were no significant ration effects or interactions between
the factors tested, for spermatozoa per ejaculation.

6e Average spermatozoa release was higher (P¢0.01), from the first
collection.

7. Average Australorp spermatozoa release was higher (P<C.01), than
Leghorn release,

8 From Table 1B, positive ccrrelations were obtained between semen
volume with initial live weight (+ 0.871**), and percent increase in live weight
with caloric intake (+ 0,785%%®); for rations within strainse

9. A moderate but non-significant correlation (+0e561) between semen
volume and daily caloric intake, was much higher than that with daily crude

protein intake (40.213); for rations within strainse

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 males, and after cross=over, for

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

The extra illumination for Treatment A, was provided by two white 150
watt bulbs suspended two feet above the test males, which were switched on at
14,00 hours each day. Control males on Treatment B, shielded from these lights,
received a constant sixteen hours light per day from the shed 4O watt bulb
circuite From the seventh to twelth day of the experiment the 150 watt bulbs
were transferred to the group II control males, and group I males reverted
to Treatment B.

Semen volumes were individually recorded from collections taken at

about 1600 hours daily.

Resultse
Data treated by crossover analysis of light treatments A and B,
on male groups I and II, are presented in Table 2, Figures remresent the
summed semen volume in millilitres, of five males per group on each of the
twelve days under test.

Avergge daily semen volume per group, in mlse.

Treatment Nean
A 16329
B 1174

1e¢ Moderately higher semen volumes (P<0.10), were obtained from
cocks under light Treatment A.

26 There were no significant semen volume effects attributable to
group or day of collection.

3 No signifiicant changes in libido or stimulation grades were

observed during the fifteen days of daily semen collection.

EXPERIMENT 3,

Age and seasonal influences on semen production 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 1light,
temperature or aging effectse In two specific tests, comparisons were made
between the semen characteristics of a group of males at twelve, and at nineteen
months of agee

Method.

The first collection was taken when the cocks were twelve months
old, during late spring in November 1966, and the second under similar conditions
during late autumn, in May 1967.

Five WC, five ML and two AOC yearling cocks were used for the comparison;
one ML cock also underwent another semen exhaustion test similar to that reported
in Experiment 7.

After preliminary settling periods the males were handled =and massaged
under similar circumstances and one ejaculation from each was collected for

analysise

Resultse
Original data are presented in Tables 29A and 29B. The two
ages of twelve and nineteen months, are referred to as 1966 and 1967 respectively.
The strain groupings are as follows: males 1 to 5 White Control; males 6 to 10
M Line; and males 11 and 12 Australorpe

Average ejaculation volume, in mls.

Year Mean
1966 064750
1967 0.2875

1¢ Moderately higher semen volumes. (P{(0.10), were released by the
cocks at twelve months age.

Average spermatozoa concentration, at 10?[@1.

Year Mean
1966 34950

1967 30383
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2¢ There were no signifiicant changes in spermatozoa concentration.

e The average spermatozoa release per ejaculation, was higher
(P<0.05) at twelve months than nineteen months of age.

Le Positive correlations were obtained between individual semen
volumes (+ 0.6L46*), and spermatozoa concentrations (+ 0.68L*), of the two

collectionse

A comparison of semen characteristics from exhaustion tests is presented
in Tables 30A and 30B. Both tests were made during July; the first at nine
months, and the second at twentyene months of agee Only one ML male; referred
to as male 9 in Expt. 3 and male B in Zxpte 7, was used in the tests Four
semen collections were made within three hours, at 1400, 1500, 1555 and 1650 hours.

Average semen volume, in mls.

Year Mean Hour Mean
1967  0.4625 1400 1615
1966  0.3250 1555 0.80
1500 0,70
1650 0.50

5e No signifiicant age or hour differences in semen volume were
obtained.

6« A large but non-significant correlation (+ 0.824) between the
volumes of equivalent collections was derived.

Average spermatozoa concentration, at 10?/ml.

Year Mean Hour Mean
1966 0.80 100 1633
1967 06 51 1500 0672
1555 0630
1650 0e27

7. A significant decline in average spermatozoa concentration (P<0.05),

occurred between the first and fourth colleations.
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Be Average concentrations were moderately higher (P(O.10), at nine
months of age in 1966, than at twentyone months of age in 1967.
9« A positive correlation (+ 0.9762%) was obtained between the

concentrations of equivalent ejaculationse

General age and seasonal influences are derived from the semen volume
data in Table 36, and light and temperature changes graphed in Figure L.

Monthly average semen volumes in mlse, of all
experimental coclerels.

Month Mfean
July 0. 587
October 06570 D.05 = 0,123
June 06520 D.01 = 0159

November 06507

December 0¢503

September 0,470

August 06403

10. Semen volumes obtained in July and October were significantly
higher (P€0.01), than those in Auguste

11¢ The monthly trends in semen volume were very similar for the three
strains, as illustrated in Figure L.

12 In the four months from July to October, the changes in average
semen volume paralleled those of ambient temperature, and to some extent the
changes in diurnal temperature rangees The May-June semen values could be
attributed to training, but the November=December values could not be statistic-

ally related to temperature or light changese

EXPERIMENT L.

Strain or genetic variations in semen production and release, were

gtatistically significant in many of the experiments intended to test other



SEASONAL SEMEN PRODUCTION =

16
DAILY F

15 |-
LIGHT

14 |
( hour )

13 |

12 -

80 ~ .
AVERAGE

DALY 0 r

TEMPERATURE
(°F) 60 m‘i
-
——
50 N —~ . P ol
0.8 =
0-7
AO

AVERA GE
VOLUME 06 |-
EJACULATION

(mi.) 05 -

i 1
!

T 1
MAY JUN JUL AUG SEP ocT NOV

SEASON




40,

factors.

A complete table of individual semen collection statistics from the
thirty WC, ten ML and twenty AO cockerels, was compiled from May to December
1966, The monthly average semen volumes are presented in Table 36; strain

averages are illustrated in Figure L.

Resultse.
Significant comparisons obtained from Table 36 are fully reported
in this exper iment, but those extracted from other experiments are explained in

their respective contextse

Average semen volume, in mlse

|[Strain Mean
A0 067133 D.05 = 01700

WwC Oe4115 D 1= 0.2140

0
ML Oe 344,0

Te The average semen volume released per collection by Australorp
cockerels from the age of six to thirteen months, was higher (P¢0s01) than that
from Leghorn cockerels.

24 Within the Legharn strains; the WC averaged 16% higher volumes
than the ML, but were not significantly different (P<0.05).

3 Seasonal trends in semen release were similar for all strains,
as illustrated in Fignre 4. The ML exhibited relatively less fluctuation
than the other two strains and maintained increasing semen volumes until
December, when the collection ceasede

L, From Expt. 1, Tables 1A and 1C, significantly higher semen
volumes (P<0.01), were obtained from AO than WC cockerels. There were no
signifiicant interactions between strain and nutritional factors

testede.
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Average semen volume, in mlse., summed
over three cockerels per group.(Table 25A).

Strain Mean
A0 14530 D.05 = 06383
wC 06935 D o = 0.502
ML 06787

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 Figure 8.
In the same experiment, strain spermatozoa concentrations, were not significantly
differente There were no significant interactions between strain and the time
of semen collection, although Legharn spermatozoa concentrations increased
relatively more in the afternoon collections, than Australorpe.

From Expt. 6, Tables 26A and 26B; several semen volume and concentra-

tion differences were obtained between the A0 and ML strainse

Average semen volume, in mls. (Table 264)

Strain Mean

AO 06569

ML 04389 D.O1 = 0106

6e Average AO semen volume was higher (P{0.01) than lL.

Average semen volume, in mle.: (Table 26A

Strain-Method Mean
AO - B 00617
ML CJ B 00556 D.05 = 0.150
A0 - A 06522 D o = 0184
®
ML - A 06223

7¢ The ML response to collection Method A, was significantly lower
(P{0.01) than that of A0 cockerels, Nocther significant differences in strain

response to collection methcd occurred.
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Average semen volume, in mls. {(Table 26A).

Strain - Method - Phase Mean
ML B Revde 0.750
20 B " O 744
A0 A Norme 0.60L
A0 B i 0.489
A0 A Revd. 0.439
ML A Normse 0. 400
ML B " 0,362

| ML A Revd. 0,045

D.05 = 06251

In this three factor interaction, two points emerge : firstly

that an increase in semen volume was elicited from both strains by a change to

Method B, which was signif'icant (P(0.0B) for the ML cockerelss Secondly, a

decline in semen volume arising from a change to Method A, was significant for

the ML, but negligible for the AO cockerelss The normal phase of collection was

that to which the cockerels were accustomed, while the reversed phase was an

entirely new collection technique to theme

9

Average spermatozoa concentration, at 10?/h1. (Table 26B

Strain Mean
A0 Le663 D.05 = 0,49
ML 34963

Australorp spermatozoa concemtrations estimated with semen

pooled from ten cockerels, were higher (P{0.05) than ML concentrations but were

influenced by the treatments imposed.

Average semen volume, in mls. (Table 23).

Strain - Male Mean
AO D 0,675
AO o 06650

Continuedeeeoe
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Average semen volume, in mls. (Table 23)s Contimmed

Strain - Male

ML

ML

A

B

Mean

0.350
0e 325

10,  From Expt. 7, Table 23;

(P€0,01) higher than ML.

Average spermatozoa

AO ejaculate volumes were signif icantly

concentration, at 10?/@1.

Strain -~ Male

A0

ML

AD

ML

C

A

D

B

Mean
368
3e 51
2.49
0.80

«05

01~

| 1]
N -
° °

o\
O 0

11e¢ From Expt. 7, illustrated in Figure

in spermatozoa concentration between cockerels were

5, signif'icant differences

obtained. Significant

variations within strains usually obscured genetic differences in spermatozoa

concentration between theme

EXPERIMENT 5o

Method,.

Semen collections were made at three hours of the day, to

determine variations in cockerel semen release.

The experiment was conducted in August 1966, when the coclerels were

nine months of age and had been trained to afternoon collection for at least

three months,

Nine cockerels in contiguous cages from each strain, were divided into

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

The treatment consisted of semen collections at 0855, 1335 and 1630

hourse The three groups, each comprising three M1, WC and AO cockerels, were

rotated over the treatment hours on the first, third and fifth days of the



experiment.s In this way the sequence of collections was maintained, all the
cockerels were tested at each hour, and one day intervals reduced carryover
effectse Other envirommental influences such as feeding and human activity, were
normalised as far as possiblee

Individual semen volumes were recorded and spermatozoa concentration

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

Resultse.
A factorial analysis of variance is presented in Table 25A.
Figures are derived from the pooled semen volumes of each strain groupe
Spermatozoa concentrations in Table 25B are treated the same way, and all the

results are illustrated in Figure 8.

Average semen volumes per strain group, in mlse

Strain  Mean Hour Mean
A0 14580 1630 3634
WC 06933 1335 3632
ML 0.787 0855 30 2L

Dos = 0. 383
Do = 0e502

1e Significantly higher semen volumes (P(0.01), were obtained
from the AO than the Leghorn strains.

26 The hour of collection had no significant effects on the volume

of semen releasede.

Average spermatozoa concentration, at 102/ °

Hour Mean Strain Mean

1630 5e¢L40 A0 5e1

1335 5 30 WC 4.8

0855 3480 ML Le6
D.O1 = 16192

3e Higher spermatozoa concentrations (P€0.01), were obtained from
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the afternoon collections,

L, Insignificant spermatozoa concentration differences between
strains occurred, but a moderate strain by hour interaction arose from

fluctuations in AO concentrationse

EXPERIMENT 6

Method,

The merits of two semen collection technigues were assessed by
semen release and libido.

The experiment was conducted in August 1966, when the cockerels were
nine months of age and each group had been trained to its respective collection
technique for at least three monthse

Ten ML plus ten AO cockerels in contiguous cages, were randomly sel-
ected from each groups of males, One group, used solely for experiments, had
been trained to the one-man collection technique Method B by one operatore.
Method B has been described in Section 25 and illustrated in Flates 3 and L.
The cockerels trained to Method B, referred to as Group B, were handled more
frequently and surrounded by more human activity than Group Ae The second
group of cockerels had been trained to Method A, a two-man technique similar to
that described by Burrows and Quinn (1937), with several operatorse In Method
A; one operator's right hand restrained a cockerel by the legs, breast down on
a plywood sheet which rested on the base of the cage door. Stimulation was
applied by massaging the sacral-lumbar region with the lef't hand, which later
moved to the vent region to direct the semen release after ejaculation. The
second operator held a tube below the copulatary organ to collect the semen.

In the experimental period flour semen collections were made on each
cockerele The first collection on day 1 was normel, with times, sequences and
apparel similar for both groups and operatars. The next two collections on the

third and sixth days were reversed, with Method A applied to Group B cockerels

and vice versa. Another normal collection was made on the eighth day to
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investigate psychological carryover effecte
Individual semen volumes, pooled group-strain semen concentrations,

stimulation grades and libido; were recarded at each collection.

Resultse
Original data and analyses of variance mre presented in Tables
26A and 26B. Results of the two normal and reversed collections for each
cockerel replication, have been averaged and presented as one figure for each
phase in Table 26A. dpermatozoa concentrations estimated from pooled semen feor
each strain-group, are presented separately for each phase as replicate 1 and 2,
in Table 26Bs A comparison of the two methods is illustrated in Figure 6.

Average semen volume, in mlse.

Ldethod Mean Strain Mean

B Oe 511 A0 0. 569
A 06395 ML 0.389
D og= Oe106 D og = 0.106

1e Higher semen volunes (P{0.01) were obtained with Method B.
2e Australorp volumes were higher (P{0.01) than M Line.

e There was no significant phase effecte

Average semen volume in mlse., of 2-=factor interactions.

Method - Phase Mean Method - Strain Mean
B Revde 04747 B A0 06171
A Norme 00502 B ML 0e 556
B " 0e426 A A0 0. 522
A Revde 0Oe242 A ML 0.223
D o g = 06150
Doy = 00184

Le Method B induced higher volumes (P{0.01) from reversed

cockerels than Method A.
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5¢ Method B induced higher volumes (P<0.01) from cockerels trained
to Method A than the latter method.

6e 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 obtained lower volumes (P<0.01)

than when applied to AO cockerels, or compared to Method B with either strain.

Average semen volume in mlse., of 3-factor interaction.

ethod = Strain - Fhase Mean
B ML Revd. 0. 750
B A0 Revde O 7LL
A 20 Norme 0. 60L
B A0 Norm. 0.489
A A0 Revd. 0.439
A ML Norme 0.400
B ML Norme 0. 362
A ML Revd. 0.045
D .05 = 0.251

8¢ Method A obtained lower valumes (P¢0.05) with Group B ML cockerels,
than any other combination.

9« Method B induced higher volumes from both strains of Group A
cockerels, than the normal Method A; these were signifiicant (P{0.,05) for the
ML,

106 Group B AD cockerels responded similarly to both collection

methodse

Average spermatozoa concentration, at 10?/ml.

Strain Mean
A0 Le663 D
ML 36963

5~ 0194

11, Average spermatozoa concentrations were higher (P¢0.05) from



A0 cockerelse

12¢ There were no signif'icant concentration differences between

methods or phasess

Average spermatozoa concentrations, at 10?/ml.

for 2-factor interaction.
Method - Phase Mean
B Revde Le65
A Norm. L4.60
B v Lo 38 D.05 = 0,978
A Revd. 3.€3

13, Higher concentrations (P{0.05) were obtained by Method B than
Method A, for reversed collectionse From Table 26B it is clear that both

strains showed similar responsese

EXPERIMENT /.

Method.

Some effects of frequent semen ccllection on cockerels, were
assessed by the physical and psychological responses.

The experiments were conducted during July 1966, when the cockerels
were eight months old and well trained to handling for semen collection.

Two ML and two AO cockerels were chosen after a preliminary period of
selection, for one male capable of concemtrated ejaculates and one of dilute
ejaculates, in each straine The ejaculate types were referred to as I and II,
respectively. The ML cockerels were labelled A (I) and B (II); and the AO
cockerels C (I) and D (II)e All four cockerels were normally friendly and
responsive to handlinge

Af'ter the testing period, four semen collections from each cockerel
were made within three hours; at approximately 1410, 1500, 1600 and 1656 hours

on the first daye A single interim collection was made on the fourth daye On



49,

the seventh day, collections similar to those on the first were made, and each
ejaculate was immediately used for four Oe.1 ml. inseminations of semen diluted
1/2 with milk. Four AO pullets per ejaculate were inseminated and eggs collected
from the second to fif'th day were tested for fertility. All the cockerels were
treated normally for collection, and semen was ottained after not more than
three stimulations and the usual application of pressure to the vent region.

Semen release and quality were evaluated by individual volume,
spermatozoa concentration and fertility tests; cockerel response was

estimated by stimulation grade and 1libido.

Resultse
Average strain results are illustrated in Figure 5 An analysis
of fertility results is presented in Table 22. Figwres represent the
percentage of fertile eggs from each pullet, but the percentages were trans-

farmed for analysis and comparisons between means.

Average percent fertility (transformed)e.

[Strain Mean Type Mean
A0 694 36 I 69.85
ML 5556 I 55408

1o Moderately significant genetic differences (P{0.10) were obtained;
higher fertility was achieved by the A0 cockerels, and those two in the Type
I or concentrated semen classif'icatione There were no signif'icant differences

in the average fertility from successive collections.

Average semen volume, in mlse

Male Mean
D 04675
c 06650
A 06350
B 06325
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2. From Table 23 highly significant strain differences in volume
(P{0.01) were obtained; AO cockerels released higher volumes than ML, but
there were no type differences.

3 A gradual non-significant decrease in average volume occurred

from the first to fourth collection.

Average spermatozoa per ejaculate, in millions.

Male Mean Hour Mean
C 2554 1407 2189

D 1591 1456 1681
A 1278 1556 1310

B 289 1656 530
D.OS = 1558 D.05 = 1554

4o From Table 24, higher spermatozoa releases (P{0.05) were
obtained at the first collection than the last.
S5 Male C (A0, I) released significantly, (P(0.05) more spermatozoa

than Male B (WML, II).

Average spermatozoa concentration, at 109/ml«

Male Mean Hour Mean
c 3468 1407 3467
A 3651 11,56 3409
D 2.49 1556 245
B 0.80 1656 1416

D.05 = 1499
D.01 & 2069

6e PFrom Table 23B significantly higher spermatozoa concentrations
(P{0.01) were obtained from the two Type I males A and C, than Male B.
Te 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 measurememts and the
relationship between the three methods of estimation, were assessed by multiple
counts and samplings

Secondly, the relationship of libido and stimulation grade with semen

characteristics, was studied.

Methodse

1e Spermatozoa concentration estimations with a haemacytometer
as outlined in Section 2.5, were made on ejaculates from four cockerels, The
ejaculates were adjusted to equal volumes, coded, and counted in four serial
samples; the first twenty minutes af'ter collection and the last series four
hours later. All ejaculates were stored aerobically at 10°C. in the origingl
tubes with a tinfoil cep to reduce dessication.

2. Concurrent estimations were made with haemacytometer counts
and the two other methods of determining concentration; centrifuged packed cell
volume and orpacity sccree. A1l celculations were made from individual fresh
e jaculates, as outlined in Section 2.5.

3 Libido, stimulation grade, opacity score and semen volume,
were measured on individual ejaculations from ten WC yearling cocks undergoing

daily semen collectionse

Resultse
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 squares within each of five
large squarese
1« No significant differences between samples, within males, were

obtained for the two ML ejaculatese
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Mean ne. spermatozosa per determination,

|[Sample  Mean Sample Mean
3 28.1 L 2L.7
1 23.0 3 1664
L 1943 2 1643
2 10.7 1 14.8
Dos = D5ekb
Do = 6466

2. From Male 83; significantly higher counts were obtained from
Semple 3 (P{0.01) than S8amples L4 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)
than all others.
Data on the three methods of estimating spermatozoa concentration
are presented in Table 37 and illustrated in Figure 9.
L A significant regression (P{0.01) was obtained of percent packed
cell volume on haemacytometer count:
b = 1.989 % P.C.V. per 109 spermatozoa/ml. with 1.5 confidence
limits: 15132 & B &« 2,4646 % P.C.V.
5« A significant regression (P(0.01) was obtained of opacity score
on haemacytometer count.
b = 1.514 units score per 10° spermatozoa/ml. with 1% confidence
limits: 160589 = B & 149695 units score
Data on the associations between 1libido, stimulation grade,
opacity score and semen volume, are presented in Table 38.
6e A negative correlation (~0O.3065%**) was obtained between volume
and stimulation, and volume with libido (~0.2631%*).
7« A positive correlation (+0.2140¥) was obtained between stimulation

and libido.
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8. A negative correlation (=0.3714%*) was obtained between volume

and opacity score.

2%l Discussion.

Significant results obtained in the experiments generzlly confirmed some
of the hypotheses discussed in the literature review. Some results suggested
a different emphasis, particularly aspects of cockerel response to semen
collection, but there was no conflict with established theories.

With respect to prectical artificial breeding, the main conclusions
drawn are: the high spermatogenic capacity of cockerels; the seasonal influence
on spermatogenesis; the importance of adeguate dietary energy levels for
spermatogenesis; the disparities between natural mating and artif'icial semen
collection; and the psychological domination of semen release.

Unf'ortunately the experiments on semen production suffered from the
same prcblems as many of those reported in the literature. They were neither
precise nor large enough to produce the anticipated effects, and most of the
conclusions, as in the literature, are thearies based on reports and some
statistically significant resultse. In this thesis the research into semen
production lacked sufficient envirommental control or background data on the

cockerels during rearing, puberty, and summer semen productione.
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The criteria of semen quality, though few, were useful in the
circumstances of an essentially practical approach to artificial breedings A
more scphisticated study of semen was never envisaged, partly because of the
limitations to thesis research and also because the literature showed almost

unanimously insignificant associations between fertilising capacity and
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laboratory evaluations of 'normal'! semen.
Methods used for measuring ejaculate characteristics, appeared

satisfactary when all the data was recorded by one operator.

Semen volumes, measured immediately af'ter e jaculation in the collection
tubes, wers quickly and easily recordeds This method avoided the inaccuracies
arising from surface wetting and dessication with funnels, transfer pipettes
or weighing apparatuse A possible source of ervor from reading volumes off the

faint calibrations in dull 1light, was unavoidable but probably systematice

Spermatozoa concentrations were measured by three ways described in
Section 265, but only regularly by haemacytometer count. This method provided
opportunity to see the spermatozoa, their motility and peculiarities, and debris
in the ejaculate. The main problems with haemacytometer counts were: sampling
from the ejaculate; cellular disintegration due to ethanol added to kill the
spermatozoa -~ a procedure that was later discarded; tight clunps of spermatozoa,
which greatly affected the concentration if lying in the counting chamber, yet
were considered by some warkers to be functionally useless; differences in
motility between samples, with highly motile spermatozoa causing an over-
estimation; concentration differences, where the dilute samples were easily count-
ed compared to the dense samples which tended to be underestimated; and the
high proportion of cloacal transudate and spermatozoa blobs in some ejaculates
which were dif'ficult to disperse for samplinge The accuracy tests of
haemacytometer counts, showed insignificant variation in repeated samples from
the two ML ejaculates. However, the highly significant variations for the two
AO ejaculates are attributed to sampling error and the presgence of spermatozoa
clumpse. A concentration effect which could have arisen with evaporation of
seminal fluid as the ejaculates were stored, did not eventuates No significant
increase in estimation accuracy was obtained from counting twice the number of

large squares per sample.

Estimating concentrations by the percentage packed cell volume, was
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quicker than haemacytometer counts with a large number of ejaculates, and avoided
some errors by the use of larger and replicated samples. Centrifugation for
fortyfive minutes at 1277 RCF was found to be adequate and easy to supervise.
However the method entailed some important disadvantages, particularly because the
semen was not examined microscopically and the nature of spermatozoa motility,

or contaminants, were unknown. Preparing the capillary glass and sucking in the
semen and sealing one end of the tube was laborious for a few samvles, and
accurate measurecments of the cemtrifuged fractions were frequently baffled by a
distartion of the tube end caused by the sealing processe. Nevertheless, a
highly significant correlation between count amd packed cell volume, and the
regression line illustrated in Figure 9, made this method a useful substitute to
the former,

Surprisingly, the third method of estimating concentrations, the
opacity score, was also highly significantly correlated to haemacytometer counts.
Under the conditions of frequent ani personal recording of data this subjective
estimation was extremely useful for rough assessments and quiclk dilution cal-
culationss The simple swirling of individual ejaculates was quick and enabled
the operator to detect gross contamination or excessive transudates In routine
semen collections the score allowed the operator to judge the volume in better
perspective, and avoided apparent fluctuations in spermatozoa release arising
from collection technique. The disadvantages areequally imposings the scoring
was purely subjective and liable to large variation between operators; the
natural light conditions for swirling the samples were frequently dissimilar
on diffeerent days; inaccuracies arose from inadequate mixing and near-white
opaque contaminants; and a volume effect meant that very small or aspermic
ejaculates appeared more concentrated after swirling, and that dense samples
tended to be under-estimated. In spite of the inherent errors, opacity scoring

proved to be a useful approximation to spermatozoa concentration.
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PLATE 5. Spermatozoa stained with Nigrosin and Eosin,

The two lower spermatozoa, alive at the time of staining, have
remained impervious to the nigrosin but the centre spermatozoa
has stained chromosome material., Two granulated tails and
midpieces have also taken up the dye. (From: Lake, P.E., (1954),
Proc. Tenth Worlds' Poultry Congress pp 79-85). Scale x 952
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Methods for estimating the percentage dead or abnarmal spermatozoa
with a light microscope, were neither accurate nor particularly useful far semen
evaluation. The smears taken were liable to the same sampling errors as
haemacytometer counts and since all the spermatozoa were eventually killed, the
error could not be discovered by reference to the opacity score. Other problems
arose from the irregularities of counting f'ields associated with the density of
spermatozoa and clumps; variations in the degree of staining arising from
semen composition and the mixing procedure which rendered some spermatozoa
faintly pink and difficult to classif'y; and distorted spermatozoa which were
possibly artifacts of the staining and smearing technique. BExcepting some.
analyses with stored semen, few significant variations in the percentage of dead
spermatozoa were obtaineds Only two clear abnormalities of spermatozoa were
notede The first was a swollen head and midpiece, distinguishing up to one
quarter of the spermatozoa of one AO cockerel without significant changes in
fertilising potential. The second abnormality was found in numerous ejaculates,
where spermatozoa were bent at the midpisce and occasionally the heod was nearly
parallel to the tail. There is reasonable evidence from the literature to
suggest that either of the abnormalities could be caused by an incompatible ion
balance in the diluent, or the staining and smearing techniquess Further doubt
is expressed in the report by Saeki (1960), suggesting that a light microscope
with 1000 X magnification is inadequate for detecting some abnormalities which
can be found with an electron microscopee. Staining spermatozoa did not con-
tribute to predictions of semen fertilising capacity in this study, but possibly
has a role in the analysis of semen from inflertile males in an artificial

breeding scheme.

Motility tests were confined to stored semene The scores were not
sufficiently precise for predictions with fresh semen and sometimes irrelevant
with stared, as spermatozoa motility was usually retained long af'ter the

functional capacity had been loste Assessments were purely subjective and
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although very easy to conduct, observations had to be rapid to avoid a thermal-

activating effect from the warm microscope platform.
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Semen Productione.

One important conclusion drawn from the nutrition experiment is that
dietary energy has influential and quite rapid effects on the semen production
of mature cockerels. The results indicate that only ration D, with moderate
and balanced energy level, was capable of at least maintaining similar spermatozoa
releases throughout the experiment, In contrast, ration C with low amd
unbal anced energy levels produced a notable decline in spermatozoa release in
the last third of the experiment. Parker and Arscott (1964 ) reported similar
results when energy intake was reduced from 230 to 143 Calories per day, and that
a loss in body weight was associated with a decline in semen volumes. The
comparitively muted variations in Expte 1 are not surprising considering that a
‘low' energy intake in this experiment averaged 320 Calories ME per day, and a
'high' energy intake 4O7 Calories M3 per daye. Although the two sets of energy
levels may not be exactly equivalent, clearly 320 Calories ME per day is not a
low erergy intake.s Unlike the restricted feed consumption imposed in Parker's
experiments, the thesis cockerels were fed ad lib and probably tried to eat to
their energy requirements. Under these circumstances differences in semen
characteristics could be attributed to the energy-protein balances Rations A
and D, with supposedly well-balanced C/P ratios produced the highest spermatozoa
releases in the final weeks, in spite of the 'low' energy and protein levels in
the latter., Rations B and C, with equally extreme imbalances, although not
significantly lower tha n Ration A, appeared to be inadequate diets. The
response to Ration B with its high energy content is particularly puzzling.

All the treatments show a similar trend in semen volume, as illustrated
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in Figure 7« The increases in the first three or four weeks were probably due
to higher releases obtained from training with regular collections, and
treatments only began to afrfect results during the last two or three weekse
This reveals the two main experimental deficiencies: the test was too short
for mature stock with a comparitively unknown variable snch as semen production,
and equally important was the inadeguate variation between the diets imposed.
With the meagre statistically useful results, Expte 1 corroborates
the rather negative attitude from the literature, that mature males are
relatively tolerant to a wide range of protein consumption. Apparent 1y caloric
intake is more influential, as indicated by the higher correlation of energy

than protein, with inter-group semen volumese

A significant increase in semen volume was obtained from the light
treatments in Expte 2, in a period of general declines This could be
attributed to the beneficial effects of brighter illumination or extra inter-
mittent light on semen production, hypothesised in the literature. However,
it is very unlikely that spermatogenesis could be accelerated within a few
days, via the oculohypothalamic-pituitary-testes pathway. A more likely
explanation is that the cockerels quickly associated the lights, and activity
of switching them on, with the apparently pleasant activity of semen collection.
It is reasonable to assume that the extra psychological preparedness in some
way favoured slightly larger ejaculations, possibly by a reduction in inhibition.
This view could account far the notable carryover effect of light treatment on
the group which reverted to control conditions. M though these cocks were not
directly illuminated they could see the lights being switched on and some
reflections off the ceiling,

Another result from the experiment, which will be discussed later, was
the ability of the yearling cocks to maintain their previous levels of spermatozoa

release with daily collections, at a time when most levels were decreasinge
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This too, suggests that the cock is capable of a high level of spermatogenesis
providing the psychological and physical treatments favowr semen release.

From the general semen collection trends and shed lighting pattern as
illustrated in Figure 4, it is impossible to isolate particular effects of
lighting as being responsible far semen changess. Bvidence from the literature
indicates that ten hours daily light during rearing would delay sexual
maturation and avoid precocity compared to more than twelve hours of daily light.
The step up pattern from nineteen weeks of age would probably accelerate matur-
ation and favour high spermatogenesis during the winter and spring months, in
much the same way as female egg production was stimulated. However the rising
summer temperatures coupled with sixteen hours daily light which were intended
optimal for the last few weeks of egg production in December, were likely to
favour the sexual refractoriness hypothesised by some workerss, Unfortunately
semen collections ceased during the early summer, Some of the experimental
cocks were transferred to natural light conditions in small pens with about
fifteen hens. Over 85% fertility from matural matings was obtained through the
summer and into the autumn, when a sharp fall occurred. As this decline was
coincident with a spate of avian encaphalomyelitis, the male contribution to
fertility had not necessarily declined in the twelve months from puberty.

Semen volume records from cockerels maintained in natural light,
indicated no signifiicant correlations between semen release and light conditions

at the time of collectione

Age and seasonal influences on semen production could not be differ-~
entiated in this study. Expte 3 consisted of comparisons between semen records
of males at different ages, or over different seasonse The conclusions are
based on statistical differences in semen release; this does not necessarily
meaa differences in spermatogenesis or direct influence of light, temperature

and agee
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Nevertheless some results warrant comment. The July to October
changes in semen volume illustrated in Figure L4, paralleled the changes in
ambient temperature so closely that it is reasonable to suggest an association.
In July and August virtually all cockerels exhibited a sharp and uniform decline
in semen volumese At this time daily light period was steadily increasing, but
the lowest ambient temperatures and diuwrnal range were coincident with the
semen decline. The changes in semen release were so clear cut that in the
absence of any other known change in the environment or management, they
appeared to be caused by temperature changes. July and October average semen
volumes were significantly higher than August, but the latter values seldom fell
by more than 307.

The steady increases in volume during May and June conceal large vari-
ations between cockerelss Many responded with large uncontaminated semen
releases to the first collections in Maye. Others, generally more difficult to
handle, withheld from successful ejaculation well into Juney giving the impression
of a psychological aversion to handlinge Undoubtedly virtually all the
cockerels at six months of age were capable of spermatogenesis and ejaculation,
thus the results suggest the aggregate volume trends in May and June were in
response to training,

llovember and December, or the early summer months, constitute the
third important phase in semen volume chengese These results are mare
difficult to explain as inconsistent trends between the strains suggested a
genotypic—-envirommental interacticne ML and WC trends were so obviously
different that the theary of superior adaptation to heat by Mediterranean
strains must be eliminatede Likely alternatives are genetic variations in
response to the temperature or multiple envirommental influences, causing re-
fractoriness, or possibly a psychological reaction to regular handling for semen
collectione Some evidence for both theories, is reported in the review of

literatures The range of potential factors which could reasonably be expected
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to influence the persistence of semen production is enormous, and outside the
scope of this discussione.

No notable correlations were derived between ambient temperature and
semen cheracteristicse Most workers concluded that cockerels were tolerant to
large temperature veriarions, at least far a short time, to the extremes of heat
prostraticn or frost bite; both unlikely in this environment. However it was
noticed, but not proven, that cockerels in open sheds ternded to be recalcitrant
on days with a morning frost and frequently conteminated the ejaculate with

caecal contents, possitly induced by the estra stimulation regquired.

In experiments comparing seren cheracteristics of cockerels in their
juvenile and second years, the general impression obtained was a slight decline
in volume and spermatogenesis. Apparently spermatozoa concentration was un-
changed. The repeatability of ejaculete characteristics was high, particularly
for spermatozca concentrationse

Two reasons coulcd be advanced for the decline in semen volunmes:
firstly because reletively less cloacal fluid is obtained from olcer birds;
either because they are better adapted to handiing for collection and the guick
erection approximates a natwal mating, or the superficial sinuses and epithel-
ium releasing the fluid have dried with age or have reduced permeability from
fibrous tissue which has developed in response to the abnormal pressuress.
Secondly, the testicular and vasa deferentia 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 males, suggested a
decline in spermatozoa release caused by decreased spermatogenesis, not response
to handlings A correlation of +0e976 was obtained between spermatozoa
concentrations of successive collections in the depletion test reported in Expte.3.

Excepting a flew rather safe conclusions drawn from the significant data,

this study does not elucidate age or seasonal effects on semen production.
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Genetic determination of semen volume was demonstrated by the
consistently higher Australorp values. Although statistically unproven, strik-
ing differences in tke psychological response to collection and experimental
treatments between the strains, were clear throughout the study.

Australorp semen vclumes were signif'icantly higher than Leghorn from
the earliest collections at six months age te those at twentyone monthse. As
Fransen et al (1955) indicated, a significant carrelation of testes and body
weight, and spermatogenesis with testes weight, could account for some of the
variation observed. For the two Leghorn strains, the average semen volume was
not significantly different although the WC were generally about 16% higher.
These impressions are illustrated in Figures &, 5 and 8.

As previously mentioned, NL volumes reversed the general trend in early
sumrer semen characteristicse Reports in the literature indicate this could be
due to a superior physiological adaptation to high temperatures; better vitamin
C utilization; or be related te the cnset of spermatogenesis and relatively
smaller and more consistent volumes during the previous six months. There is
no evidence either way from this study.

The experimental treatments of the semen production studies; nutrition,
light and age; did not interact significantly with the strain volumese. Even
this limited range of treatments implies that the physical prccesses afflecting
semen production are similar in all strains, as would logically be expected.

Spermatozoa concentrations were not significantly different between
the strainse Any hypotheses regerding genetic variation were invariably con-
fused by the differential release of non=seminal fluids ceusing signif'icant
changes in concentration. Spermatozoa concentration and the tendency to re-
lease cloacal fluid appeared to be individual characteristics, where as in
Expte 7, the variation within strains tended to obscure the variation between
theme In this respect as with other phenotypic characteristics, the ten ML

cockerels were much more uniformse
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Computed from all collections recorded between six and thirteen months
of age the average semen volumes obtained were: A0, Oe713 ml.; WC, Oek11 ml.;
and ML, O¢34l ml.

The aggregate average spermatozoa concentration estimated from haema-
cytometer counts, was 3.8 x 1O9 spermatozoa per ml.

A composite value which helps to reduce the inter-collection fluctu-
ations, averaged at approximately 2000 million spermatozoa per ejaculate,

Individual ejaculations after one stimulation ranged from O to 2.3
mle., the latter very exceptional ejaculate was estimated to contain approximately
8000 million spermatozoa. During the depletion tests, 3.5 mle of semen was
ejaculated by one AO oockerel within three hours, but as the results in Expt. 7
show, the concentration declinede The highest concentration of any single
ejaculate tested was 6.8 x 109 spermatczoa per mle, but only a small frection of
the collections were studied, Several aspermic ejaculates were obtained from

yeerling cocks during the autumn.

The psychological f eatures distinguishing the strains in their
response to most human activities, seem to apply for sexual stimulation as
well. Specif'ic reactions are noted in the discussion on semen release.

Australorp males after initial training, became visibly excited be-
fore a semen collection, Since the same pattern of human activity was
maintained at approximately the same time during collection af'ternoons, the
birds appeared to associate the routine and the handling for ejaculation. 1In
most cases, a set sequence of collections was maintained, moving down one row
of cages and up the other sidee Cockerels became quite agitated when their
neighbours were handled for ejaculation, probably by a combination of antici-
pation and the visual stimulation of another bird in an unnatwral posture.
Some Australorps proceeded to ejaculate .Almost spontaneously, a few in their

cages, and the majority after one or two massages. ZErection and ejaculation

were rapid, and if the operator failed to comtrol the engorged copulatory



6l

organ, the semen was often forcibly expelled from the vent. Narmally the
engorged tissue could be gently retained by the thumb and forefinger and semen
flowed from the white body into the tube. Post-collection excitement, assessed
here as libido, was characteristically low in Australorp males.

M Line males exhibited relatively less pre-collection sexual
excitements This coculd be interpreted as: a more fearful response to the
anticipated handling, which muted their sexual desire, or a genuinely different
attitude to semen collection compared to the AO maless The latter may be that
a higher threshold of sexual stimulation is required before the cockerels
associate ejaculation with the pre-collection activity. In the handling phese,
ML cockerels usually required several massages and often repeated stimulations,
then a relatively slow and gentle applicetion of pressure to the vent area.
Erection and ejaculation were more molonged with this strain, consequently the
actual collection of semen was easiers In the post-collection phase most of the
males were extremely excited, hence their libido score were highe The birds
strutted around their cages, fregquently sparring with a neighbcur and
occasionally crowing.

These differences between the INL and AO ccckerels indicate that the
farmer strain, more timid and alert, suf fered a conflict of fear and sexual
excitement prior to collection, but that the induced ejaculation promoted
full expression of the latter. The less temperamental AO cockerels exmessed
their sexual excitement prior to collection and the emotion subsided rapidly
af'ter ejaculation. WC cockerel reactions varied considerably between these two
extremess Although no supporting data is available these observations suggest
that AO semen collections approximate closer than ML, to natural matinge
This could arise partly from anatomical differences determining the stress
during handling, but apparently the response is influenced by the psychological
state of the cockerel, which is part-genetically determined.

All comparisons were made using the one-man collection Method B,

described in Section 2.5.
sedesesiesieslenfe st sesdesfesfeofesfeoe e festefe s
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Semen Releasee

This section consists of a discussion of experiments 5, 6 and 7.

A useful confirmation of some of the opinions expressed in the previous
paragraphs on the psychological control of semen release, is obtained from the
results of Expte. 6. This experiment was originally intended to determine the
merits of two collection methods arplied locally, and in resolving this problem
revealed some striking genotypic-environmental interactions. Of nrime impartance
was the differential response of ML cockerels to a new collection technigue; a
signif'icant increase in semen volumes was obtained by using Method B or group A
cockerels, but virtually no response was obtained when Method A was applied to
Group B cockerels. In contrast the AO ccckerels were much less affected by
the unaccustomed use of either new methode. A second feature was that spermato-
zoa concentrations were far less affected by the collection techniques than
volumes, suggesting that the ejaculations were aprroximately normal, This is
important because it means that neither method sought to retrieve something at
all costs = in fact an effort was made to avoid this; and that the differences
arose from a failure to ejaculate and not the manipulation of copulatory tissue
after ejaculations. Therefore the valuable results are: firstly that a
response to stimulation was in part geneticelly determined; and secondly that
the one-man Method B weas superior to the two-man Method A illustrated in
Figure 6.

Some explanations arise from a comparison of the methodse Method A
employs two operators very close to the cages; in common with most domedkic
emnimals the fowl displays relatively more fear with the approach of two humans,
especially from different directions, than ones Since the emotional capacity
of the bird at any one time is limited, it is reasonable to expect a fear
response to dominate the sexual excitement which is apparently necessary for

ejaculations If the degree of fear is low, the sexual excitement could prevail,
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for instance in AO stock with their docile temperaments. The apparent pre-
collection lethargy of ML ccckerels cofild reflect a conflict between fear and
libidoe A third point is the differences in handling cockerilse Method A is
fast, rough, and bears little resemblance to natural mating. As would be expect-
ed the training period is extended because each cockerel has first to overcome the
fear of man-handling and then to respond to sacral-lumbar massage, which is

the only sexuelly directed action. In contrast most modif'ications of Method B
are slower and more gentle. The cockerel is approached by one operator as for
most servicing activities, withdrawn entirely from its cage and held upright on
his lape Apart from the distortion caused by restraining his hocks, the
cockerel is positioned naturally and comfortably and his keelbone rests on
muscular tissue; a situation which approximates natural mating (see Plate 3).
When sacral-lumbar massage was applied the ccckerels could respond physically
by basic mating movements without pain. The results indicated that 5355 of

the Leghorn cockerels and all Australorp cockerels, responded to their first
artificial collection by an ejaculation. By the third ccllection 857 of the
Leghorn cockerels responded and none remained recalcitrant by the fif'th
collectione The learned response to Method A developed more slowly and
ejaculations were never elicited from a few cockerels. A fourth advantage of
Method B was the better synchronisation of massage and vent pressure obtained,
as the physical reactions of the bird could be clearly felt and the ejaculation
anticipated which enabled the left hand and tube to be ready at the optimum
moment.

Af'ter meny months of training otherwise, the good response of Group A
cockerels to Method B is rather surprising. Since the higher semen volumes
maintained an equally high spermatozoa concentration, the extra response must
have been obtained by a larger ejaculatione Two possible reasons for this
could be the extra sexual arousal arising from the novelty of a new handling
method, or the result of a better synchronised massage and semen collection

procedures,
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Figure 6 illustrates that the carryover effects on volume or
concentration were negligibles

Generally these results confirm Lake's (1957b, 1967), conclusions
on the psychological domination of ejaculation. They suggest that both the
temperament and momentary mental state of the cockerel at the time of collection,
determins what proportion of the ejaculatory ducts are evacuated and whether
urinary or faecal products will contaminate the semen. Obviously the most
important phase of semen collection is to elicit an ejaculation, recovery

being a simple mechanical procedires.

The significant increases in spermatozoa concentration during the
day are rather surprising, as environmental conditions were apparently much
the sams at the 0855 and 1630 hours collectionse Sermen volumes, see Figuwre 8,
were not significantly changed.

Two reasons for lower morning concentrations could be postulated:
firstly tecause the contents of the wvasa deferentia were more dilute; or
secondly that a relatively higher rroportion of cloacal transudate was relsased.
There is no evidence for or against the first theory. The seccond is feasible,
as cocierels appeared to be excited by handling at the unusually carliy hour and
this could have induced correlated increases in engorgment of the copulstory
tissue and the flow of transudatess Alternatively, greater mressure may have
been applied to direct the semen, with the same effect on transudate flow. With
similar reasoning to that used above, the greater uniformity in AO ejaculates is
not unexpected.

Particularly surprising were the significant inereases in the percent-
age live spermatozoa during the day, which were not wholly negated by theerrors
of estimation. It is unlikely that dead spermatozoa could be catabolised and
readsorbed in the vasa deferentia during the short time involvede One possible

explanation is that this phenomenon could be associated with changes in

spermatozoa concentration. If a smaller proportion of the vasa deferentia
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contents are released in the morning collection and originate from the distal
portion, this could contain relatively more dead and senile spermatozoa. In
the afternoon collections, a relatively larger semen evacuation from the vasa
deferentia, would modify the earlier characteristics.

The unexpectedly high AO spermatozoa concentrations of the midday
collections illustrated in Figure 8, upset the general pattern. There is no

logical explanation for them and they are probably insignificant.

Semen exhaustion results from Expt. 7 are illustrated in Figure 5.

The experiment, as originally intended, did not ascertain the stage
at which either semen resources, or the ejaculatory response to stimulation
ceased, but did produce useful data on partial semen depletion and recurrent
sexual arousal.

The lower graph of TFigure 5 illustrates the rather linecr declines in
spermatozoa releases This was due mainly to the significant decline in
spermatozoa concentration observed with all cockerelse The apparent stability
of volumes seemed to be an artifact of the collection technigue, because the
decline of seminal fluid was compensated by an increase in cloacal transudate
inadvertently squeezed out as stimulation became more difficult. Presumably,
if depletion had continued with ejaculations requiring more stimulation, at
some stage the process would have become painful to the cockerel, causing a
sudden fall-in libido and a resistance to further collections.

All the collections appeared to be genuine ejaculations as indicated
by: the physical response of the cockerels; the linearity of concentration
decline; and in particular, the insignificant changes in the fertilising
capacity of each one. The results indicate that a cockerel does not release
a large proportion of his mature spermatozoa during one artificial collection

and that if sufficient time elapses far the ejaculatory ducts to refill and

mental co-operation is forthcoming, a second collection is mracticable. The
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fifty minute interval was obviously adequate and probably far longer than
necessarye. Almquist and Hale (1956), reported similar depletion studies of
bulls, where with twenty collections over several hours, 31% of the total
spermatozoa were obtained in the first two, and 76% in the first ten ejaculations.
It is unlikely that a cockerel could sustain twenty rapid ejaculations and they
appear to release a relatively higher proportion of spermatozoa reserves in the
initial ejaculations. As there is adequate evidence that most cockerels are
capable of over twenty natural matings within a few hours, this highlights the
important difference in artificial semen collection from the bull and cock;
that the former's much more closely approximates a natural mating. Semen
collection from a trained cock is largely determined by the operator's skill,
while the initiation and maintainence of sexual desire are relatively mare
important in the bull.

In Figure 5, the results are exmressed as strain averages and obscure
the type classifiication used in the selection of cockerels.s Both pairs of
cockerels performed true to type; higher spermatozoa concentrations were
maintained in Type 1 during successive collections, and Type 2 cockerels con=-
tinued to release relatively more transudates with their ejaculations.

Stimulation grades gradually increased, particularly in the fourth
collection, and libido decreased as ejaculations became more difficult to elicit.
It is difficult to derive cause or effect for the latter phenomenon; whether
only a certain amount of sexual arousal can be obtained in one af'ternoon and
this controls ejaculation; or whether there was a feedback effect of semen
depletion on sexual arousal, The well-documented advantages obtained from
changing the teaser animal or visual stimuli to induce ejaculation in the bull,
appears to be unimpartant in the fowl, which in artificial collection, is

aroused by massage and eventually a learned association with human activity.

No mrecise experiments were conducted to assessthe long-term semen

potential of cockerelss During the most intensive collection period, where WC
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males e jaculated thirtyone times in sewentyeight days during the late spring

and summer, there was no indication of a decline in semen volume or concentration.
In the most concentrated phase, with fifteen collections on consecutive days,
semen volumes decreased very slightly, then seemed to settle to a uniform
release, possibly geared to spermatozoa maturation. Over the main study period
of seven months, cockerels ejaculated for an average fortyone collections, or
approximately every fif'th day, but all the evidence suggested they were capable

of much moree.

desfese desesesfeeole e festerlee e e e e e

The subjective estimations of stimulation and libido were recorded for
every collection, but were little use in analyses apart from semen exhaustion
tests and the genetic determination of psychological response to collection,

Stimulation grades early in the experimental period served as a guide
to the resistance of cockerels to training for collection; of temperament; and
environmental disturbances at the time of semen collection. A reference to
the stimulation grede throughout the study, helped to put the other results in
perspective and indicate abnormalitieses The main fault lay in the criterion used
to grade the collectionse. If some measure of the massages or time involved in
massaging could be taken, rather than the number of complete inducements to
ejaculation, the grades would have indicated the variation in pre=collection
responses which later occurrede As it was applied the grades varied little,
apart from during the initial collections ar in abnormal circumstancese

The negative correlation obtained between stimulation and semen volume
is logical, as an ejaculation was progressively harder to elicit af'ter each peak
of 1ibido during massagee. More than three stimulations were rarely made and in

none of these was an ejaculation obtained.
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Libido, as a guide to post-colledtion sexual arousal showed
extremely high repeatability for individual males, but this too, was of little
use in analysese Af'ter several weeks of collection it was clear that this
'1ibido' score was actually a measure of the display of courting action in the
first few seconds after ejaculations This score served some purpose, but was
inadequate either as a guide to sexual arousal throughout the collection, or
acquiescence to stimulation. Probably the main value of 1libido as for
stimulation grade, was that results from individual collections were kept in
perspective by reference to these scores which reflected the particular genotypic-

environmental interactions at the time.
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CHAPTER 3o

Semen Storages.

A. Reviewe.

341 Introductione

When the time between semen collection and insemination is extended
spermatozoa must be stored in an environment favourable to the maintemance of
their fertilising capacitye. Mo particular method of storage has been proved
superior for commercial conditions, and the most recent investigations show
several marxedly different approachese Fowl semen may be retained without much
preparation or loss in fertilising capacity for a few howrs in vitro; fortunate-
ly this is usually adequate for insemination routine. Research into fowl semen
long-term storage is concerned mainly with the development of o semen bank, where
the genetic potential of males can be disseminated over a sreater time or area.
Unfortunately, most of the experience and techniques gained from research into
mammalian semen storage can not be extrapolated to poultry. TFowl spermatozoa
exhibit relatively good resistance to temperature shock in-vitro (Wales and vhite,
1959), and a long functional life in-utero, yet paradoxically they are much
harder to store than mammalian spermatozoa. It is reasonable to ascribe this
to a relative deficiency of knowledge on the biochemistry of fowl semen, as well
as class differencess

The loss of fertilising capacity of stored spermatozoa has not been
attributed specifically to reduced motility, but apparently reflects some
degeneration in the genetic material in the head, and mitochondria in the mid-
piece regions Lake (1954) suggested that the head and midpiece of the cell
are initially covered by a thin cytoplasmic sheath, which disrupts in
unf'avourable conditions, and renders the genetic material wvulnerable to
physical and chemical damage. Other imvestigatars have emphasised the need

to conserve the endogenous reserves of the spermatozoa during storage, for



the effort required in traversing the lower oviduct immediately after
inseminatione. This basic lack of agreement about the important factors in
fowl spermatozoa storage, explains the diverse approaches in researche

Several groups of investigators have recemtly reported progress in
extending semen storage time beyond one or two days. Freezing spermatozoa
far long storage, probably remains the ultimate objective to most of the
approachese

Wilcox and Shaffner (1958) stared semen for one to three days at
10°Ce, in a sodium-phosphate buffer solution (see Appendix B). Their most
successful method, involved a relatively high 1/11 dilution of semen in buffer
plus antibiotics for storage, then a reconcentration of spermatozoa to their
undiluted density in fresh buffer plus 2.5 mg/ml fructose, just prior to
insemination. After twentyfouwr hours storage, the spermatozoa produced 6%
fertility and 94% hatchability, from eggs collected on the 2nd to 8th day after
insemination. Lake, Schindler and Wilcox (1959), 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.), have been reported by Harris,
Wilcox and Shaffner (1961). Semen was diluted 1/2 in a sodium=-phosphate
buffer (see Wilcox etal 1958) containing 100 pg/ml EMB, for up to fiwve days at
200C., and the EMB was washed out just prior to insemination. Up to 75%
fertility was achieved under the most favourable conditions, but the duration
of fertility was not reporteds

Another series of inmvestigations involved storing semen in hypertonic
carbonated diluents, also aimed at temporarily reducing the activity of the
spermatozoa. Harris and Hobbs (196L4), reported on varied gas to fluid ratios

in sealed ampules with different concentrations of sodium citrate and carbon
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dioxide in the diluent. They concluded that an optimum gas:fluid ratio of at
least 3:1 for a 1/L 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 coulé be considered the most satisfactory
fluid far spermatozoa to be stored ine Evidence against this reasoning is
presemted later in this review, however in some respects the plasma does
indicate a fluid composition toleratble to spermatozoa. Lake (1$60) devieed
a diluent which simulzted fowl seminal plasma as collected from the vasa de-
ferentia, with respect tc phosphorus, sodium, magnesium, potassium and glutamate
concentrations, and the osmotic pressure was adjusted by adding fructose.

The semen was stored aerobically at about 2°C. and achieved 6L5. fertility after
twentyfour hours, and L77 after fartyeight 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 temporarily reduce diluted spermetozoal activity, Proudfoot and Stewart
(1967), experimented with an oxygen atmosphere for whole semen. They reported
that Oe.L mle. samples of semen, stored in sealed cryovac encloswres at 10°¢c.
for up to seventeen hours, mroduced bettepfertility in oxygen than in nitrogen,
air or carbon dioxide gase

The final and important aspect of research is storing semen at sub-
zero temperaturese The main objective is to protect the genetic material
from dehydration effects and mechanical stress, during freezing and thawing,
Although mammalian semen has been successfully frozen and stored for many
yvears (Mixner and Wiggin,1957), the methods have not been applicable to fowl
semens Polge, Smith and Parkes (1949), reported that 20% glycerol protected
spermatozoa at -79°C. , which retained their motility after thawing, provided
that the glycerol concentration was reduced below 2%. They also suggested

that freeze dryihg diluted semen avoided the salt concentration effects, as
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the water was removed from the frozen material by sublimations Semen was
diluted 1/2 in Ringer's diluent containing 30% glycerol, vitrified in a thin
layer at -79°C., and dried for three hours at —25°C. to a powder about 15% of
the original weighte The dried spermatozoa were re-constituted by adding
water and warmed to LOOC. for immediate insemination or testing; their fertil-
ising capacity was lost, but up to 50% of the sperm were active. Tanaka, Chan
and Okamoto (1967), investigated the effects of super-cooling temperatures on
diluted spermatozoa motility, deformities and fertility, over two to four days
storages. From 2°C. to -2°C. they observed no signifiicant differences in

any characteristics, but below -20C., fertility was markedly reduced, although

improved when a more hypertonic diluent was used.

362 Semen Characteristicse

Apparently, fowl seminal fluid is not a good medium far storing
spermatozoae Several reasons have been postulated:

1. seminal plasma could be an artifact of collection techniques, and
chemically quite different to the small quantity of fluid bathing the sperma-
tozoa while in the vasa deferentia.

2+ the spermatozoa are in intimate contact with the epithelium
lining in the male reproductive tract, and partly independent of the fluid
aroind theme Owing to the common origin of the urino-genital systems in the
fowl, some investigators consider the ejaculated fluid as partly excretory
productse

3e seminal plasma is hypotonic with respect to the midpiece of the
spermatozoa (Yamane 1962), which is irreversibly damaged by plasmolysise

L. the poor buffering capacity of plasma.

5 physical and chemical changes occur in both the spermatozoa and
plasma on exposure to the atmospheres These effects are avoided in natural

mating and internal fertilisation.

6o seminal plasma is not likely to be associated with the spermatozoa
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PLATE 6, Freshly ejaculated fowl spermatozoa stained with Nile Blue.

A acrosome
H : head
M H midpiece
T tail

(From: Lake, P.E., (1966). Res. vet., Sci. I, 121)
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in the oviduct for mare than a few hours, yet spermatozoa have been
demonstrated to retain their fertilising capacity in that enviromment for up
to thirtyfive days (Sturkie 1965)e

Lake (1954) stressed the importance of an artificial enviromnment
which was favourable to the integrity of the thin sheath enclosing the
spermatozoa., When the sheath is disrupted, the bulb at the head and midpiece
junction, is rendered vulnerable to physical and chemical damage, leading to
granmglation of the mitochondrial componentss If the spermatozoa are still
motile, the impulses from the tail are likely to be transmitted over the inneff-
ective midpiece and disrupt the fragile junction region which results in the head
being bent backwardse As well as the damage to genetic material, the dis-
torted spermatozoa are probably incapable of peretrating ova faor fertilisation.
Saeki (1960), using an electron microscope, found an increase in the percentage
crooked-neck spermatozoa with time of storage and dilutione He found the
incidence particularly high in the fiirst ten hours after collection, and
initially higher at low temperatures, over the range of 6° to 1500. Saeki
suggested that spermatozoa motility and viability were unaffected, but that
penetration into the ovum germinal region was unlikely due to the displacement
of the apical cape These suggestions are usually corroborated by other invest-
igatorse  Apparently, obnoxious substances in the semen, either as artifacts
of collection or in the diluent, accelerate the disruption of the lipid-protein-
polysaccharide sheath which is invested about fresh spermatoa. ILake (1954)
considered that coiled spermatozoa, flattened heads, shrinking or swelling
near the midpiece, and heads with refractile droplets along their length, were
artifacts arising from the semen environment or handling methodse Saeki
(1963), reported seasonal changes in semen characteristics, which may indicate
differing effects of plasma on speratozoa, and a changing optima for semen

storagee

Numerous investigations have demonstrated that fowl spermatozoa

glycolyse and respire. Apparently, glucose, fructose and mannose are the
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only carbohydrates metabolised (Wilcox 195%, Yoshida and Masuda 191,
Harris and Wilcox 1962, Lake, Lorenz and Reiman 1962) in significant
quantities, and glucose can be converted to fructose by the spermatozoa
(Lorenz 1958, Lake et al 1962), causing a sparing effect on fructose if the
carbohydrates are available in-vitro. The conversion is probably irreversible
and not through glucose-6-phosphate isomerisation (Lake et al 1962). Harris
and Wilcox (1962) suggest that carbohydrates are metabolised by the Meyerhof-
Enden glycolytic pathway. Most investigatars agree that carbohydrate metabolism
proceeds at a higher rate under anzerobic conditions, and that where oxygen
is available, the conversion of glucose to fructose is higher and glycolysis
is more efficient (Lorenz 1958, Harris and Wilcox 1962, Proudfoot and Stewart
1967)e Lactic acid is the main end product of anaerobic glycolysis of fowl
spermatozoa, but apparently the accumulation is not responsible far the reduced
motility, which would parallel muscular exhaustion in higher vertebrates (Nevo,
Caplan and Schindler 1963 4 cited by Lorenz 196l.).

Spermatozoa respiration is highly correlated to motility over a
range of 0.6% to 21% oxygen concentration (Nevo 1965), but below 0.6% there is
a sharp decline until both respiration and movement cease under O.13% oxygen.
Yoshida and Masuda (1961, 1965), suggested that respiratory processes were
more important than glycolysis in energy production far fowl spermatozoa.
Unlike mammalian spermatozoa, relatively more endogenous energy contributes to
the respiration of fowl spermatozoa (Scott, White and Annison 1962), particularly
in the oviduct where the oxygen tension rises to 35 mm Hg (Nevo 1965).
Yoshida and Masuda (1961) have reported that intermediates in the tricarboxylic
acid cycle, especially succinate, stimulate respiration.

The favourable results achieved by storing semen in an oxygen
atmosphere may indicate the importance of 1ipid oxidative metabolism to
spermatozoa function (Lake 1966).

It appears that most of the reducing sugars in semen are due to the
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method of collection, having arisen from the cloacal erectile tissues (Lake
1962 a). Research into the metabolism of stored semen and simulation of
natural conditions, may have been misdirected into overemphasising glycolysis

of extracellular carbohydrateses

303 Diluting Semen for Storage.

Fowl spermatozoa easily retain their fertilising capacity for from
two to four hours after ejaculation, if they are stared at 10° to 1200. with
oxygen available. This time can be extended if the semen is diluted soon
after ejaculation (Larenz 1964 ). With the exception of a few investigations,
like that of Proudfoot (1966), most research workers have emphasised the
advantages of immediate dilution.

Three main aspects of semen dilution have been reported: 1. the
rate of dilution dwring starage and at the time of insemination. 2. the chem-
ical composition of the diluent and antibioticse 3. the toxicity of the
diluente.

When these factors are tested against the range light, temperature
and gaseous influences throughout the storage period, there are numerous
combinations possibles Over the last twenty years, the scientific literature
has abounded with reports on some of the combinations, but unfortunately the
factors are often so varied that they mreclude comparisonse. The most
fundamental disagreement is whether the spermatozoa tlrive best in an environment
which suppresses their movement and metabolism, or whether the diluent should
contain nutrient to maintain their activity.

Wilcox and his colleagues have presented a series of experiments
which have indicated that seminal plasma is a relatively poor environment for
spermatozoa in-vitro. Their two most successful methods have involved the use
of a sodium-phosphate buffer to replace or dilute the plasma. In the first,
fresh semen is centrifuged and the plasma supernatant is replaced by an equal

volume of buffer plus antibiotics; this preparation is stored at about 10°c.



79

and augmented with fructose just prior to insemination. In the second and

more successful method, fresh semen is diluted 1/11 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 1958).

These results suggest that dilution during starage 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 fortyeight hours at 2°C., moduced signifiicantly
higher fertility when diluted 1/4 than 1/2 (Harris and Hobbs 196L).

Lorenz (1964) concluded that any dilution causes some damage to
spermatozoa, but is necessary for storing semens He mroposed 1 to 2°C. as
the optimum temperature and a moderate dilution of 1/? to 1/h.in a compatible

diluente

The chemical interactions of semen and diluents have been studied
more objectively than most aspects of dilution. Initial interest on simulating
the composition of seminal plasma, has been replaced by more specific studies
of the ions important to spermatozoa integrity, osmotic balance and the addition
of antibiotics during storagees There is general agreement, that bicarbonate
in a diluent increases spermatozoa respiration (Van Tienhoven 1960, Van Tien-
hoven and El Zayat 1960, Hobbs 1963); that phosphate decreases respiration
(E1 Zayat and Van Tienhoven 1959, Ven Tienhoven 1960); that the effects of
calcium, magnesium and potassium depend on the anions mresent (Van Tienhoven
1960); that monosodium glutamate which simulates the high glutamic acid
content of fowl seminal plasma, enhances the motility and fertilising capacity
of stored spermatozoa (Lake 1960, Bajpai and Brown 1963a, Auger and Wilcox
196L4); that fructose added during storage increases the longevity of

spermatozoa (Saeki 1960, Wilcox 1960); and that egg yolk reduces the fertilising
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capacity of fowl spermatozoa (Wilcox 1960).

Tyrode solution (see Appendix B) has been considered relatively
unsuccessful for storing semen by El Zayat and Van Tienhoven (1959), who reported
a high initial respiration rate of the spermatozoa, followed by a marked
decrease in respiration and fructolysis and a high incidence of deformed
spermatozoa, twentyfour hours later.

Carbonated diluents have proved useful far short storage, and Hobbs
(1963), attributes a beneficial effect to the supmression of spermatozoa
motility by carbon dioxide.

Lake (1958 b, 1960) reported successful short storage of semen
diluted in a seminal plasma=-like fluid, of which the glutamate, sodium,
potassium and magnesium concentrations, and the osmotic pressure, were similar
to plasma.

Antibiotics have been found to protect spermatozoa during storage;
it is not clear whether the entire benef'it is antiseptic, or whether the
1000 pg dihydrostreptomycin plus 100 pg oxytetracylcline hydrochloride per
ml. of fluid, used by Wilcox and Shaffer(1958), has a chelating action as well.
Wales and White (1961) studied the toxicity of some antibacterials on fowl
spermatozoa and found a considerable variation in the susceptibility of
ejaculates to them. Seminal plasma apparently exhibited an unspecific
mechanism to counter the spermicidal activity of many antibacterials at low
concentrations.

A sodium-phosphate buffer (Wilcox and Shaffrer 1958), has become
widely used by many investigators for storing, washing and extending semen.
The advantage of the buffer over Tyrode solution for storageismore clearly
demonstrated by El Zayat and Van Tienhoven (1959), who compared 1/11 dilution
of semen with Tyrode, the buffer, and a combination of the two. Initial
respiration amd fructose-disappearance rates were higher in the Tyrode and

mixed solutions, however after twentyfour hours at 5°C. the Tyrode samples
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exhibited much lower values than the buffer, and contained 87% abnormal
spermatozoa versus 26% for the latter.

Whole milk has been successfully used as a diluent for storing
sermen. However, Van Tienhoven, Steel and Duchaine (1958), found the storage
value of milk for turkey semen was demessed by the addition of antibiotics
and glycine, and considered that repeated inseminations of milk into the ovi-
duct may create an unfavourable enviromment for spermatozoae. Lake (1258 b)
warned egainst using mammalian physiological salines, which could contain
harmful concentrations of inorganic ions for fowl spermatozoa.

Ringer's and Locke's solutions have declined in popularity relszstive
to the new buffered diluents for semen storage. Schindler, Weinstein, Moses
and Gabriel (1555), diluted semen 1/L with Ringer's, Locke's, pasteurised
whole milk and a yolk~phosphate buffer, and held the samples at uo and 10°C. for
up to twentyfour hours. They reported that Ringer's and Locke's solutions
could not maintain good fertilising capacity beyond about four hours of storage,
while milk maintained spermatozoa best at LOC., and undiluted scmen rroved
best at 1COC. The yolk phosphate buffer was an inferior diluent at all
temperatures, although Yamane, Tsulkunaga and Takahashi (1962), reported the

successful use of a yolk-citrate-glucose diluent for storing semen at 2° o SOC.

Recently considerable emphasis has been placed on the optimum
tonicity for stored fowl spermatozoa. This has caused a critical evaluation
of the diluents in common use, and indicated that some of them are unsuccessful
for this reason. Evidently hypertonic solutions maintain spermatozoa
fertilising capacity and longevity, better than isotonic or hypotonic solutions
(Yamane et al 1962, Saeki 1963, Tanaka and Okamoto 1966, Van Wambeke 1967
cited by Lake 1967), although Hobbs and Harris (1963), considered that an iso-
tonic sodium citrate diluent maintained better fertilising capacity and motility

of stored spermatozoa than a hypertonic condition. Yamane et al (1962),
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considered that the spermatozoa midpiece was vulnerable to plasmolysis if
the freezing point demression (FFD) was less than -0.93°C.; Tanaka and
Okamoto (1966) reported an increase in the motility and percent deformed
spermatozoa, when the FPD was less than -0.56 Ce; Lake (1960) considered a
medium of FPD =-0.607° to =-0.640°C. was optimal for fertility; and Saeki
(1963) perhaps reconciled the differences in the degree of hypertcnicity,
when he reported seasonal variation in the optimum FPD for fertilising

capacity.

3e¢L4  Macroenvironmental Influencese

Ambient temperature is the most important single influence on all
aspects of semen function and storage. Most reparts conf irm that fowl semen
is relatively resistant to temperature changes, but can not be stored for long
over 15°C. (Schindler et al 1955, Wales and White 1959, Bajpai and Brown 196k ).
The optimum temperature for staring whole semen is about 10°C.; diluted semen
has been successfully held at temperatures of 0° to SOC., or at 10° to 15°C.,
depending on the diluent and other factors involvede The special case of
freezing semen is discussed in the next section.

Some effects of light on spermatozoa have been reported; Hunsaker
and Aitken (1960), exposed spermatozoa to ultra violet-shielded light of
3,900 fc intensity, without & harmful effect on fertilising capacitye. However
Norman, Goldberg and Porterfield (1962), reported an immobilising effect of
visible lightjgtored spermatozoa, which may have resulted from photosensitised
oxidation. Williams and Hamner (1963), reparted a dramatic increase in the
respiration of spermatozoa suddenly exposed to light.

Fowl spermatozoa appear to be relatively tolerant to hydrogen ion
concentration during starage. Bogdonoff and Shaffner (1954), considered pH 7
optimal for their metabolism and respiration, but that the fertilising capacity
was not greatly affected within pH 6 to 8¢ Wilcox (1959 b) confirmed this

tolerance, but suggested that slightly acid conditions were preferable as they
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tended to suppress spermatozoal activity.

Contaminants arising from the ureters or cloaca of the male fowl,
can induce spermatozoa abnormalities and render stored semen useless (Lake 1954).
Af'ter a deliberate attempt to collect a high proportion of erectile tissue fluid
in the semen, Lake (1956), reported a significant decline in fertilising cap-
acity by as soon as twenty minutes af'ter ejaculation, compared to the pure semen.

Little specific work has been reported on the influence of gaseous
environment for stored semen. Recently, Nevo (1965), and Proudfoot (1966),
have emphasised the importance of oxygen to spermatozoa motility, respiration
and efficient carbohydrate metabolisme. Proudfoot and Stewart (1967), have
reported a correlated increase of fertilising capacity and oxygen concentration
within a specified range, which they attribute to a sparing action on endogenous
resourcess

Indirect references to the effects of movement on stored spermatozoa,
suggest that moderate centrifugation is acceptable (Wilcox and Shaffner 1958),and
that slow vertical rotation to stir the semen during storage is advantageous

(Harris, Hobbs and Peterson 1961 ).

A rather different set of factors influence the viability of frozen
spermatozoa, Investigations have demonstrated methods of freezing, storing
and thawing live spermatozoa (Polge, Smith and Parkes 1949, Smith and Polge
1950), but unlike the successes in freezing cattle semen, no significant
breakthrough has led to a practical method of freezing and storing fowl semen
for insemination. Glycerol has been used to protect the spermatozoa while
frozen, but as fowl spermatozoa can not tolerate more than 2% when thawed, the
glycerol must be centrifuged or dialysed out before insemination. Hendrikse,
De Groot and Jansen (1956), suggested that the beneficial effect of glycerol
arose from the reduction in ice crystal size, as well as the ability to transfer
freely over the cell membrane and minimise salt concentration effects during

freezing and thawings Glycerol molecules dispersed throughout an equilibrated
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sample of semen, attract unpolarised water molecules which subsequently are
not available foor polarisation into ice crystals, when the masses of water
around the glycerol freeze. The dispersed plasma and intracellular ice crystals
are much smaller, and impose less mechanical stress on the spermatozoa.
Apparently the head and midpiece of the spermatozoa, are more susceptible to
freezing damage than the tail region which determines the motilitye. In a
recent mroject, Brown (1966), moposed that ethylene glycol would be a useful
anti-freeze agent for turkey spermatozoa, but at present 107 to 20% final
concentration of glycerol is the only sure protective agent for fowl spermatozoa.
The toxic effects of glycerol on unfrozen semen can be avoided by immediate
intrauterine insemination (Allen 1958), or introperitoneal insemination of
thawed or frozen semen (Brown, Harris and Hobbs 1963)e Polge et al (1949)
considered that the semen should be bulk frozen to avoid surface effects,
although Clerk and Shaffner (1960), favoured rapid freezing of small samplese
The latter workers reported up to LO¥ fertility and normal hatchability from
semen which had been frozen with 7%% to 83% glycerol at -79°C. , thawed

quickly to I+OOC., centrifuged at 1200 RCF far ten minutes to separate out

most of the glycerol, and inseminated into the uterus. Recently Harris (1965)
obtained fertile eggs from semen which had been stored at =1 96OC. in licuid
nitrogen for seven dayse He stored O.l4 ml. samples of semen diluted 1/L in a
saline diluent with a final concentration of 6% dimethyl sulphoxide (DMSO ).
The semen was thawed to 2+1°Co and the best results of up to L4L4% fertility were
obtained from introperitoneal insemination, without the necessity of removing

the DMSO first.

A survey of the recent research, indicates that fowl spermatozoa can
retain their functional capacity for several days under extremely diverse
conditionse This suggests that the present difficulties may be attributed not
to spermatozoa fragility, but possibly a fundamentel misconception on the

treatment of fowl semene.
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Be Research,

365 Materials and Methodse

1. Stock.

Semen for each experiment was collected from the minimum number
of males practicable, for use with pullets of the same breeds Unless otherwise
specified the ejaculates were collected separately then quickly pooled for
experimental use, irrespective of uneven semen volumese The selection of males
was arbitrary but only in exceptional cases where insufficient semen was
available, were the ejaculates from two strains pooled for one experiment.

Fertility tests were made with pullets in batteries close to the
cockerel cages. Genetically related pullets in adjacent cages with similar
egg production rates, were allocated to one experiment. Many were used several
times with a minimum four week lapse between two experimental inseminations.
Most of the studies were arranged for the winter and spring months, coincident
with the highest egg production rate, but a special reference to declining

production is made for summer exper imentse

2e Semen treatment.

Collection, evaluation and insemination methods have been
described in Section 2.5.

When individual e Jjaculates had been measured they were drawn out by
pipette and pooled without any mrecautions for temperature shocke The tubes
containing semen were lightly sealed in the shed, but exposed to natural light
and outside temperatures in transit to the laboratory.

Clean dry tubes were prepared for storing semen af'ter mixinge
Dilutions were made within twenty minutes of semen collection; normally the

diluent was added from a pipette to a measured volume of semen in the tube and

swirled by hand until the mixture was visibly uniforme Dilution rate was
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expressed as a fraction : 1/3 meaning one part semen in three parts mixture.
Undiluted semen, theoretically 1/1, was exmressed as O dilution.

Storage temperatures are specified in the experimentse In nearly all
cases semen was maintained at 10°C. in a dark cool-room. Refrigerated samples
werea transferrzd to the cool-room about thirty minutes prior to insemination.
The stared samples were occasionally stirred if the semen had precipitated from

the mixture.

3¢ Fertility testse.

The choice of adequate replications to make the fertility
results statistically worthwhile was rather arbitrary at firste As the initial
results were analysed and the factors were tested at more precise levels, the
number of replicates increased from four to sixteen pulletss By mistake, a
true block randomisation of pullets was not applied for the early experiments,
but in most instances the results were clearly significant and the error was
considered tolerable for the criterion of percentage fertile eggse However,
correctly randomised blocks were applied to most of the experiments reported here
and the replication term appears in the analyses.

The pullets were inseminated from one semen sample at a time to avoid
swapping and cleaning the cannulae between adjacent individuals. Al though
pullets for one treatment were all inseminated before starting on the next, the
time lapse between first and last batches of semen rarely exceeded ten

minutese

346  Experimentse

A few aspects of semen storage were investigated as adjuncts to the
evaluation of diluents, dilution rate and optimum temperatures, for maintaining
the fertilising capacity of semen for up to twentyfour hours without freezing.

A11 the tables of results and analyses are presented in Aprendix A,
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Several references sre made to the grapﬁs, which are computed from untransformed
percentages.

Figures within the tables present the true fertility percentages,
however an arcsin transformztion for analyses was made te reduce non-additive
effectse Vhere comparisons tetwcen means were significant, the transformed
trectments and significant differences tetween them are included in the text.
Fxperimentel methods and results sre repocrted in this section and a discussion

of the results follows in Section 3e7.

Experirent 9 Fertilising capacity of stored semen.
" 1C Dilution effect on semen fertilising capacity.
" 11 Dilution effect on stored semen fertilising capacity.
" 12 Tempereiure and dilution effects on semen storeoge.
" 13 Diluents for semen stcrage.
" 14 Niluents and dilution for semen sterage.
" U5 Special treatments for semen storage.
" 16 Cloacal transudete concentration in stored semene.
" 17 Relztionshir between age of male and semen character-
isticse

EXPERIIZIIT O,

Methodse
Semen stored at 1OOC. was evaluated hourly by insemination to
observe the changes in spermatozoa fertilising capacity.

Semen was collected from twenty WC cockerels, pooled and ciluted 1/2
with sodium-phosphate buffer for storages Ten WC pullets were inseminated with
0e05 mle from each hourly sample drawn from the stored semen.

The experiment was intended to show whether a significant decline in
spermatozoa fertilising capacity occurred in the first 375 minutes of semen stor-
age. Inmediately after collection the semen was diluted 1/2 with sodium-

phosphate buffer to a final volume of 8.8 ml. and held in vitro at 10°c. At
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approximately hourly intervals the tube was mixed thoroughly and a small portion
of the semen withdrawn for inseminationse. Estimations of spermatozoa concen-

tration, motility and percentage of live spermatozoa, were made between the

inseminations.

Results.

Data treated as a single clessif'ication analysis of variance are
presented in Table 20. Figures represent the percentege cf fertile eggs from
each of the ten pullet replicates, at the time maintaining 765 egg production,
from the second to ninth day after insemination.

Average fertility.

Storage Mean
135 minutes 78.2 %
80 L 6Le7
255 " 5% 3
375 " 58.7
315 " 5Ce 2
195 o L7.3
30 " L3.0

(1) Moderately higher fertility (P<0.1C) was obtained from semen
inseminated efter 135 minutes in vitro, than that stored 30 minutes in vitro.

(2) There was no significant pattern between time of storage and
fertility.

(3) There were no significant changes in the percentage of live
spermatozoa or concentration effects from dessication.

Average motility grade of stored semen

Storage Mean grade Mean product.
60 minutes 58 4 1843

120 " 554 20,0

180 " St & & 1843

2,0 " 5 25 16.7

30 " 5% 53 1667

3%0 " CFA 3] 1667

420 U L : 2 70 3

L80 " L : 2 9.3

5,0 " L s 2 8e7
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Motility grade was computed from the average of three determinations
hourly and the two scales multiplied to derive the mean product. The grade was
composed of two subjective O to 5 scales; the first for general swarming motion,
and the second estimating the proportion of spermatozoa displaying independent
movement.

(h) An abrupt decline in motility occurred in the seventh hour of
storage in vitro, without accompanying changes in the percentage live

spermatozoa.

FXPERTIMENT 10.

ethodse
This experiment was intended to assess the relationship between

semen dilution in vitro and the persistence of fertilising capacity in utero.

Ten WC cockerels provided semen for each of the two ccllections and
ten AO pullet replicates were inseminated with C.05 mle for each treatment.

Half of the pcoled seren was stored unchanged and the otkher half
diluted 1/2 with scdium-phosphate buffers One insemination series was made 20
minutes af'ter semen collection and the other after 2.0 minutes storage in vitro
at 10°C The time of egg collection wes extended from the second to twelfth
day in order to observe differences in the persistence of fertility arising
from the dilution and time of storagee. Aprroximately 2 mlse. of fluid were

stored for each treatment.

Resultse.
Fertility data analysed as for a 22 factorial, are presented in
Table 14As TFigures represent the percentage of fertile eggs from each of the
ten pullet replicates from the second to seventh day after insemination, with

egg production at 83
Average fertility. (Table 14A)

Time Mean Rate Mean
20 minutes 80.3%% 0 74e0%
24,0 " 5ke7 3 6141
D = 20.20%

« 01
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(1) Higher fertility (P<0.01) was obtained from the fresh semen than
that stored for 240 minutes, in the first six days after insemination. These
results are illustrates in the lower grarh of Figure 11.
(2) No signifiicant dilution rate effect, or interaction between the

main factocrs was observed.

Fertility data from eggs layed on the eighth tc twelf'th day after
insemination are presented in Table 14B.

Average fertility (Table 1LB)

Time llean Rate Mean
20 minutes  5Le6% & 50.1%
o2N@ v 394 3% 0 41,8

(3) Moderately higher fertility (P< 0.10) was obtained from fresh
semen than that stored for 2.0 minutes, in the second week after insemination.

(L) The effect of dilution rate on fertility wes insignificant,
however the diluted semen maintained higher levels than whole semen; an
interesting crossover effect is illustrated in the lower graph of igure 11,

(5) An analysis of fertility over the total egg collection reriod
confirmed the superiority of fresh semen (P<0.01), but revealed nc significant

dilution effects or interactionse

Daily fertility levels averaged over the ten pullets per treatment
are analysed, untransformed, in Table 14C.

Average daily fertility (Table 14LC)
Mean

86.8%

82.8

78.3

283 39.9%
.O D = o/

6l 3 =05

52.5 D = l+705

222 .01

50.8

16.8

3

2 0WO~ =21 AWN

- b

Fertility recarded on the twelth day was lower (P< 0.01) than that
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obtained on the second to seventh days inclusive after inseminatione The trends
in fertility of the averaged values for O and 3 dilutions, are illustrated in
the upper graph of Figure 11. An abrupt decline in fertility observed on the
eleventh day after insemination, is similar to that illustrated for fresh semen

in Figure 13.

EXPERIMENT 11,

Methodse
Semen was stored for up to twentyfour hours at 10°C. with varied
dilution rates, to indicate the effect on spermatozoa fertilising capacity.

Three collections were made from twenty A0 cockerels within twentyone
hours, to have semen available for varyihg lengths of in vitro storage, and
so that all inseminations could be made at once. Six AO pullets replicates
per treatment were inseminated with Oe2 mle of semen in order to reducec the
spermatozoa number effect on fertilitye.

The pooled semen was split threeways immediately af'ter each collection
ard one sample was diluted 1/2 with Tyrode solution, another diluted 1/10, and
the third remained as an undiluted controle The periods of storage were
three, six and twentyfour hours, and all -inseminations took place at 1610

hours, with egg collections for fertility tests from the second to eighth daye.

Results,
Data analysed as for a 32 factorial are presented in Table 15.
Figures represent the percentage of fertile eggs from each of the six pullet
replicates, maintaining 74% egg production.

Average fertility

Time Mean Dil. Rate Mean

3 hours 77.7% 1/2 5902%

6 U 7061 0] 5561
2, " 1641 1/10 L49.6

D-OS = ‘“l»o 39%

D = 18.28

1




FIGURE 10

SEMEN STORAGE

DILUTION EFFECT

100

80 -

®% FERTILITY =

&0

20

TEMPERATURE & DILUTION EFFECTS

100 r

80

60
®/e FERTILITY

40

20

HOURS OF STORAGE




92,

(1) Fertility from semen stored six or less hours, was higher (P<{0.01)
than that from semen stored twentyfour hours,.

(2) There were no significant effects of dilution rate, although the
influences of dilution on semen held twentyfour hours in vitro are illustrated
in the upper graph of Figure 10.

(3) High fertility with fresh semen was obtained with a 1/10 dilution
and 0.2 mle inseminationse.

(L) There was no significant interaction between time of storcge and
dilution rate; a 1/2 dilution was relatively more successful than undiluted

semen for extended periods of storage.

EXFERILENT 12

Methodse
Temperature and dilution effects on the fertilising capacity of
stored semen were examined.

Semen was collected from the same twenty Leghorn cockerels for both
periods of storage, pooled, diluted, and later used to inseminate six WO
pullet replicates per treatment with Oe1 mls. doses.

One batch of samples was stored at 10°c. in the usual manner and the
other held at 2°C. in a refrigerator; the latter samples were transferred to
the 10°C. coolroom thirty minutes prior to insemination, Two other factors
were tested: storage, for four and twentyfour hours; and the effect of
1/2 dilution with pasteurised whole milk compared to an undiluted control
during storage. Approximately 1.5 mle of whole semen was allocated to each
treatment, and the control batches were diluted 1/2 with milk kept at the same
temperature, Jjust prior to insemination.

Resultse

5

Data analysed for a 2° factarial are presented in Table 16.
Figures represent the percentage of fertile eggs from each of the six pullet

replicates, maintaining 70% egg production,



Average fertility.

Time

L hours

21 hours

Mean
1424 3%
7.0

D

01

Temperature

10°¢.
2°c.
164567

Mean
10.3
9.0

(1) Higher fertility (P {0.01) was obtained

four hourse.

(2) Higher fertility (P£0s01) was obtained from semen stored at

10°C,

(3) There was an insignificant effect from dilution rate but the re-

lative advantages of dilution at low temperatures, within four hours of

from semen stored

storage, are illustrated in the lower graph of Figure 10,

Average fertility;

2-factor interaction

Time-Temperature

l hours 10°C.
yom 2°¢.
29 » 10°Ce
21 m 2°c.
D os
D, o1

Mean
66467
17.9
14.0

23.12%

28. 67

0]

(4) A significant two-factar interaction indicated that semen

storage at 2°C, was unsuccessful compared to 1OOC., and that no fertility was

obtained after twentyone hours at 2 Cs

Semen stored at 10°C. for four hours

produced higher fertility (P<0.01) than any other batches.

EXPERIMENT 13,

Methodse

stored for twentyfour hours with four diluents.

Unfortunately the semen collected from twenty AO cockerels was
inadequate and had to be pooled and mixed with semen from ten WC cockerelse

Seven WC pullet replicates per treatment were inseminated with Oe1 mle doses.

A comparison was conducted of the fertilising capacity of semen

93



The pullets were maintaining 787} egg production.

The four diluents applied were: a sodium-phosphate buffer; buffer
plus the antibiotics, 90 pg oxytetracycline hydrochloride and 90 ng strepto-
mycin sulphate, per ml.; pasteurised whole milk; and Tyrode solution. The
inorganic diluents are described in Appendix B, All the batches were diluted

1/2 and held in vitro at 1OOC. for twentyfour hourse.

Results.

Data reported as a single classif'ication analysis of wvariance
are presented in Table 17 Figures represent the percentage cf fertile cggs
from each of the seven pullet replicates, from the second to eighth day after
insemination.

Average fertility.

Diluent Mean

Buffer 60,873 D o5 = 31 « 2%
Buffer + abiots L46.0 Do = 3943
Milk 20.1

Tvrode 3.8

(1) The buffer diluents produced higher fertility (P4 0,01} than
Tyrode solutione

(2) Buffer without zntitiotics was the most successful diluent, pro-
ducing higher fertility than with Tyrcde soluion (F<CeCi}, milk (P 0.05),
or the precence of antibiotics

(3) Milk was a more successful storage diluent than Tyrode solution.

(4) An actual 69% fertility was obtaired from the use of the sodium~

phosphate buffer with semen stored in vitro for twentyfour hours at 10°¢C.

EXPERIMENT 1L.

Methods.
The effects of two diluents at varied dilution rates were assess
by the fertilising potential of semen stored for twentyfour hourse

Semen was collected from twenty WC cockerels, pooled and split for

ke

ed
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storage providing 1.0 ml. of undiluted semen per treatment. Fifteen W

pullet replicates, at 6L% egg production, were inseminated with Oe1 ml. doses.
The two diluents, sodium~phosphate buffer and pasteurised whole milk

were applied at 1/2 and 1/ dilution vithir farty minutes of semen collection,

and the rpreperations were stcred at 10°c.

Resultse
Datz analysed as for 2 22 factorial are presented in Table 18,
Figures represent the percentage of fertile eggs layed bty the fif'teen pullet
replicates from the second to eighth day after insemination.

Lverage fertility

Diluent Vean Dil. Rate Mean
Buffer 14607 % 1477
Milk 6.8 % 6.2

Y & higher fertility (11SD) was obtained from the buffer diluent.
(2)A higher fertility (iSD) was obtained at the 1/2 dilution raote.
(3) There was negligible interaction tetween the diluent and dilution
rate.

(L) This experiment was conducted during early summer when both semen

volunes and egg production were declininge

EXPERINENT 15,

Methodse
This experiment was concerned with testing the beneficial effects

of adding a metabolisable substrate to stored semen just prior to insemination.

Semen collected from sixteen WC cockerels was pooled, diwvided for stor-
age and diluted to final volumes of L0 ml., Fifteen WC pullet replicates at
76% egg rroduction, were inseminated with Oe1 ml. doses.

The main treatment effect was the addition of fructose solution at a
final concentration of 2.5 mg./hl. to the semen mixture just priar to
insemination. One batch of semen was diluted 1/2 and the other 1/L with

sod ium-phosphate buffer and after twentyfour hours storage at 10°C. the former
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was split, with fructose added to one half and tke other serving as a control.
The fructose which was also added to the 1/l diluted batch, was prepared in a 60

nge./mle H,0 stock solution and maintained at 10°¢. The egg collection period

2

was extended from the second to twelfth day after insemination, to assess the
of

effects on thLe persistence/%emen fertilising capacity.
Resultse
Fertility data treated as a single classification analysis of
variance are presented in Table 21As Tigures represent the percentage of
fertile eggs produced by fifteen pullet replicates on the second to twelfth day
after insemination.

Average fertility (Table 214)

Treatrment Mean
% Duffer + fructose  L14L7
% Buffer Z7e€
1 Buffer + fructose 32.8

(1) No significant dilution effects were observed from the “ertility

of eggs collected cver the total eleven days.

Fertility data obtained from eggs layed during the seventh tc twelfth

days after insemination are presented in Table 21B.

Average fertility (Tsble 21B).
Tregtment Mean

% Buffer + fructose 26.0%

4 Buffer + fructose 18.7

% Buffer 1563

(2) In this period higher fertility (NBD) was obtained from the
treatments with fructose. The crossover effect of the two lower treatments is

illustrated in Figure 13.

Fertility data obtained from eggs layed during the sixth to tenth

days after insemination are presented in Table 21D,



Average fertility (Table 21D).

Treatment Mean
% Buffer + fructose 38.7%
% Buffer 251
% Buffer + fructose 2hely

(3) A moderately higher fertility (P<(D.10) was obtained by the 1/2
buffer plus fructcse treatment, in the second week after insemination; this

superiority is illustrated in Figure 13,

The rercentage fertility obtained over the eleven days after insemina-
tion is presented in Table 21C. A signifiicant treatment effect wcs obtained

with the untrensfcrmed data.

Average daily fertility (Table 21C).
Mean
76407
£9.0
66.0 "
65,0 D.01 = 33e79
520
377
3740
190

6e7

Se3

53

= |
&0
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(4) A significant decline in fertility occurred during the first
week after insemination. Fertility from the second to fif'th 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 decline in fertility than
was observed with fresh semen; comparable results are illustrated in Figure 13.

(6) The fructose effect appeared most obvious from the fourth to

ninth day after insemination when the sharpest declines in fertility occurred.
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EXPERIMENT 16.

Methodse
The effects of abundant doacal transudate on undiluted semen,

were assessed by the fertilising capacity of semen stored several hours at 10°¢C.

Ten A0 cockerels were specially selected for their tendency to re-
lease a high or low proportion of cloacal transudate during artif'icial semen
collections This trait was particularly constant once the cockerels were
accustomed to handling for collection and the flow of transudate was obtained
without conscious modification of the technique or extra stimulation. Fif'teen
A0 pullet replicates at 57% egg production, were inseminated with O.05 mle dosese.

Af'ter a preliminary collection, semen was ottained from the two
groups of five cockerels; 1465 mle from the 'low' transudate group and 5.10 ml.
frcm the 'high' transudate groupe Vhen cach batch hed been thoroughly mixed,
samples of approximately 1.5 mle. were withdrawn for storage at 1OOC., and

inseminated unchanged 63 hours later.

Results.,
Fertility data treated as a single classif'icaticn aralysis of
veriance are presented in Table 19. Figures represent the percentage of fertile
eggs ottained from fifteen pullet replicates on the second to eighth day after

insemination.

Averege fertility.

Treatment Mean
High transudate L2,6%
Low transudate 3567

(1) The concentration of cloacal transudate during storage had no
significant effect on semen fertilising capacity.
(2) There were no significant changes in the percentage of dead

spermatozoa of either semen batch af'ter seven hours storage.

EXPERIMENT 17,

Methodse
The fertilising capacities of fresh and stored semen were
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compared with ejaculates collected from cockerels and yearling cockse

Five WC cockerels aged seven months and five WC yearling cocks aged
nineteen months were used to obtain normal ejaculates after a preliminery sett-
ling periode Bach batch of ejaculates was pooled, diluted1/2 buffer for storage
and ten WC pullet replicstes at 7L egg production, were inseminasted with 0,05
ml. doses.

The semen ottained from yearling cocks was relatively dilute; 1.76
X 1O9 spermatozca per ml., cocmpared to the cockerel concentration of 3.76 x 109
spermatozoa per ml., and this may have caused a variation in fertility from the
number and concentreticn of spermatozoa inseminzteds  Apprcximately 1.C mle of
each betch was stored at 1OCC., with the first inseminstions 23 hours after

cellecticn and the seconrd 22 hours af'ter insemination.

Results.
2
Fertility deta anelysed as a 2 factorial are presented in Table
2

31e Tigures represent the percentage fertile eggs obtained frecm ten pullet

replicetes on the second to eighth dcy after insemination.

Aversge fertility

Storage Yean Veales Mean
22 hours 65615 Cockerel L9437
22 il 11,0 Cock 2648
= 7
Doy = 1ke027

(1) Higher fertility (P <0.01) was obtained from semen stored 23

hours than semen stored 22 hours in vitro.

(2) Higher fertility (P£ 0.01) was obtained using cockerel semen.

Average fertility; 2-factor interaction

Storage - Males Mean
22 hours Cockerel 82.3%

S Cock L7.8

22 " Cockerel 1643

w o Cock 5¢7

D.o5 = 19.&}%

MASSEY  UNIVERSITY
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(3) A significant interaction (P< 0,05) between storage

time and age of male was obtained.

3e7 Discussionse

Experimental results are split into three categories: firstly time
and temperature influences or in vitro semen storage; secondly, dilution for
storage; and finally the apparent relationship between gamete quality and

fertility.

Several experiments verified the decline in fertilising capacity of
stored semen. Hewever the causative factor responsible flor the decline was
not resolved; whether it occurred from a significant proportion of dead sperm-
atezca, or reflected gereral spermatozoa senescence and reduce viebility in
utero.

Dilution rate and diluent trials were more precise as they were
associated with comprehensive insemination tests which are reported in Chapter
L. The overall ccrclusions were that low dilution with a sodium-phcsphate
buffer diluent, provided an envircrment beneficial to spermatozoa integrity
in vitro at 10°C. A lornger duration of fertility was obtained frcm adding
fructose to stored semen just prior to insemination, but no signifficcnt benefit
was gained from using antibiotics with semen in vitro.

The association between gamete quality and fertility was derived by
comparing the storing qualities of semen, at times when the male semen

characteristics and female egg production varied.

sjesfesfesfesfe s sjesfesfesfe il e sfeoke shesfe sheesfesle

Time of Storagee

The length of semen storage in vitro was demonstrated to influence

subsequent fertilising capacity, and to be modif'ied by dilution, storage
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temperature and gamete gquality.

In ccnsidering the significant time effects obtained in several
experiments, it is clear that large variations arose from the modifying factors.
In Expt. 9, negligible diffeerences in fertility were obtained with hourly
inseminations from thirty minutes to up to seven hours - in fact there was no
indication of a deterioration of semen in this time; yet a highly significant
fall in fertility after four hours in vitro was recorded in Expt. 10, Highly
signifiicant drecps in fertility were obtained between six and twentyfour hours
in vitro in Expte. 11, and four and twentyone hours, in Expt. 12. The results
frem Zxpte 11 are illustrated in the upper graph, and Expte 12 in the lower
graph, of Iigure 10, Egg oollection in Expt.10 was extended to the twelf'th day
after inseminetion and fertility in the first six and last five days is
illustrated in the lower graph of Figure 11, In conclusion, the flertilising
capacity of spermatozoa held at 1GOC., significantly declined sometime between
four and twentyone hours of storage in vitro. Considering that many trials
were conducted with high spermatozca concentrations, the decline in fertility
could be attributed to a widespread senescence of spermstozoa. This opinion
is reinforced by the results from Expt. 15 illustrated in the lower graph of
Figure 13, where the sharp decline in fertility occurred abcut five days earlier
than that recorded for fresh semen in the upper graph. Although 8G7% fertility
was obtained in the first few days after insemination with stored semen, the
rapid decline suggested a reduced ability of the spermatozoa to survive or to

retain their fertilising capacity, in utero.

The modifying factors are considered briefly at this stage by reference
to examples of their effects.

Dilution was shown to affect fertility, although insignificantly, in
Exptse 10, 11 and 12, which are illustrated in Figures 10 and 11. The upper
graph of Figure 10 showed that the minor dilution effects in up to six hours

storage, became impartant after twentyfour hours. A striking effect of dilution
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on the persistence of fertility from semen stared 240 minutes was illustrated
in Figwre 11, in the crossover of O and % dilution during the first and
second weeks after insemination. Highly significant differences between
diluents were obtained in Expt. 13.

The inf'luence of gamete quality on storing potential was derived from
comparing the relevant results of Zxptse 13, 1k and 15, A1l included a 1/2
sodium=-phosphate buffer treatment of semen stored for twentyfour howrs at 10°C.,
and an Oe.1 mle, insemination doses Experiments 13 and 15 in the winter, pro-
duced 6% and 547 fertility respectively, with 78% and 76% egg production
from the pullets used. However only 2055 fertility was obtained from Expt.

14 during the summer, with 645 egg production from the pullets.

The superiority of 10°C. for semen storage in vitro compared to 20C.,
was highly significant withia four hours from collection. The poor results
at ZOC. were surprisingly low compared to values reported in the literature and
implied that milk dilution was partly responsible. Lorenz (196&), concluded
that 1 to 2°C. approximated the optimum temperature for storage of diluted
semen, and 10 to 150C. for undiluted semen; and the lower graph of Tigure
10 confirmed his viewses However the superiority of undiluted semen after
twentyone hours storage at 1OOC. contrasted with the results from Zxpte. 11
shown in the upper graphe. Possibly the differences are resolved by the
changing relationship between dilution and the persistence of fertility, ill-

ustrated in Figure 11.

sjeeiieuiulenle shoje e sene cfedle dogje sfeesle
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Dilution for Storage.

This section is discussed from four aspects : firstly the effects
of dilution compared to unmodified semen; secondly the rate of dilution;
thirdly the diluents studied; and finally a brief discussion of special treat-

ments imposed on stored semenes

From Expte 10; dilution was shown to increase the persistence of
fertility, particularly when the semen had been held in vitro for four hours.
In the second to seventh days after insemination, undiluted semen proved
superior by approximately 127 higher fertility, however the results indicated a
delayed dilution effect durihg the eighth to twelf'th days following insemin-
ation. In this period the dilution effect must have occurred within as little
as twenty minutes storage in vitro, as both treatments produced 620 fertility;
however as Figure 11 illustrates, the diluted semen held four hours in vitro
decreased by ohly 6% fertility wicreas the undiluted semen decreased by 317%
These results are also illustrated in the upper graph of Figure 11, but
unfortunately the velues are cveraged for the two times of storage and do not
feature the advantages of dilution on the persistence of fertility in the four
nour treatmeut.

From Expt 11, dilution with Tyrode solution had negligible effects for
the first six hours of storage in vitro, but caused some divergence after
twentyfour hourse However the contrary results from Expte 12, where milk was
used, queried the significance of eithers The advantages of dilution for 2 Gs
storage appear to be signifiicant from Expte 12 and reports in the literature.

A rather novel dilution of approximately 1/3 with cloacal transudate,
was obtained in Bxpt. 16. Similar levels of fertility were obtained from
high and low transudate samples, which invalidate either a dilution effect
occurring af'ter six hours of storage, or a detrimental effect from the transudate

at 10°C.

Obviously the effects arising from dilution rate are proportional to
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the original spermatozoa concentration and the insemination doses From Expte
11, which is illustrated in the upper gfaph of Figure 10, a 1/10 dilution was
not significantly inferior to a 1/2 dilution at any stage although the fertility
levels diverged after twentyfour hours storages. However in Expt 1!, markedly
different fertility levels were obtained with rates varying as little as 1/2 to
1/4e The variations were insignificant due to low absolute values, but the
more sophisticated experimental design of Expte. 14, together with similar re-
sults presented in Chapter 4, imply that the rate of semen dilution influences

the fertilising potential of fresh and stored semen.

Three diluents were tested at low dilution rates, for their ability
to maintain the integrity of stored spermatozoa. From Expte 14, the sodium-
phosphate buffer with an average 16/ fertility was clearly superior to milk at
6%  The larger differences at 1/4 dilution, suggested that the buffer was
relatively more successful because the influence of a diluent iwuld increase
with its concentration in a sample. Similar significant variations occurred
in Expt. 13. A most successful 69% fertility was obtained from semen diluted
1/2 in buffer and held in vitro for twentyfour hours, and this was significantly
higher than the fertility obtained with milk or Tyrode dilutione Fertility with
milk dilution, at 20/4, was merkedly higher than 3% for Tyrode solution in this
experiment, but can not be wvalidly compared in Expts. 11 and 12, _These results
coincide with the theories and conclusions expressed by several authors in
the review. The general approach for semen storage diluents is changing from
a simulation of seminal plasma, to criteria of buffering capacity and optimum
ionic balanceses VWhole milk and Tyrode solution were inadequate for these
reasons. El Zayat and Van Tienhoven (1959) showed that the buffer had an
initial dampening effect on spermatozoa respiration and fructolysis compared

to Tyrode solution, and indicated that spermatozoa exhausted in vitro

were inferior in utero. Once again however, the problem of whether reduced
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fertility was caused by a signif'icant reduction of flunctional spermatozoa, or
a gencral senescence, was unresolved.

From Expt. 1€, the cloacal transudate which could be considecred as a
diluent; produced no significant changes in fertilising capacity after six hours
storage at 10°C.  This conflicted with Lake's (1956) report where he observed
a decline in fertilising capacity after only twenty minutes, of semen plus

cloacal fluid at 21OC.

Two special treatments reported by Wilcox and his colleagues, were
compared with the simple dilution and storage at 10°C. method. Both involved
the use of the sodium~phosphate buffer:

O per litre H,O,

16.34 g Na,,HPO .

)t 5¢16 g I-Ia.'tizPOI+ . H2
which was first applied in their laboratory, and are reported by Vilcox and
Shaffner (1958).

The first experiment obtained negative results and was not reported
in Section 3.6, In one treatment fresh semen was diluted 1/11 in buffer
solution plus:

90 ng oxytetracycline hydrochloride + 90 pg streptomycin sulphate
per millilitre, for twentyfour hours storage at 10°Cs Just prior to insem-~
ination the mixture was centrifuged at 1200 RPM for ten minutes and resuspended
in fresh buffer to the original undiluted volume. In the second treatment,
the fresh semen was centrifuged at 1200 RPM for 10 minutes and resuspended in
buffer plus antibiotics to the original undiluted volume, remaining this way
for inseminatione The blame for infertility was tentatively attributed to
the antibiotic preparations, as the buffer diluent and centrifuging procedure
were vindicated in later trialse

In Bxpte. 15, the fructose treatment was tested without the centri-
fuging and dilution procedures described by Wilcox and Shaffner (1958). All

the fertility levels were extremely high for semen stored twentyfour hours,

Two important results are illustrated in Figure 13: firstly that the fructose
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effect was to gprdlong the persistance of fertility; and secondly, the reduced
fertility attributable to extra dilution in spite of double the fructose concen-
tration per spermatozoa. This suggests that the stored spermatozoa are
responsive to extracellular nutrient when deposited in the female genital tract,
and that they remain in contact with the diluent long enough to utilise some of
the fructose.

From the experiments and review, the maintainence of spcrmatozoa
resources by a depression of activity in vitro, apparently enables the sperm-
atozoa to persist in utero or to reach the glands which are thought to harbour

them.

o ate aaniBeDunts M utaits ot tadts e te sTaete ate e O
sfese fesiieste Sesfevtenle fefeslesle Neskoke SR

Gamete Quality.

Although there is no statistical verification the semen storage
experiments suggest an association of gamete quality and fertility. Female
egg production and male spermatogenesis are used as criteria of gemete quality;
both factors obviously affected by the seasonal and aging effects discussed in
Chapter 2. Fertility was assessed from the fertilising potential of semen after
storage in vitro.

During the winter months, when egg production was high, fertility
from stored semen was highe For example: in Expte 9, no decline in fertility
was observed during six hours storage; in Expt. 10, approximately 63% fertility
was obtained after four hours storage; in Expte 11, 70% after six hours
starage; in Expt. 13, 69% after twentyfour hours storage; and in Expte 15,
54% after twentyfour hourse Although there were a few exceptions like Expt.

11 where Tyrode diluent was used; the success of storage with sodium-phosphate
buffer seemed to be related to egg production and possibly semen quality as

indicated by volume and spermatozoa concentrations
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In contrast, only 41% fertility was obtained from semen stored six
hours in Expte 16, when egg mroduction had fallen to 57%; and in Zxpte 14,
20% fertility was obtained after twentyfour hours with 64% egg production.
In Expte 17 significantly higher fertility was obtained from fresh and stored
cockerel semen,than semen from yearling cocks. The difference was accentuat-
ed by storage, where 16% fertility from cockerel semen was markedly higher than
4% from the older males. This experiment was conducted at a time of high egg
production from the pullets, therefore male semen quality has been implicated.
In spite of the relatively low spermatozoa concentration of cock semen and the
interaction between males and storage time, spermatozoa from the aged males
were functionally inflerior within three hours storage in vitro. Unfortunately
the laboratory evaluations of semen were inadequate to show which aspcct of
semen quality was associated with the decline in fertilising ability; in fact
this summarises the main problem of semen storage, and it is unliliely that

any important progress will be made until it is resolved.

Sarle sfeelesiengs slesfoofefe e fesfeofeesle Seslefeie @ode e ook
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CHAPTER L,

Artificial Insemination and Fertility.

A, Reviews

Insemination is the final phase of an artificial breeding scheme,
concerned with the preparation of spermatozoa for optimum fertility and an
insemination to simulate naturel meting.

This review of literature, is limited to the preparation of fresh semen
and a few insemination techniques employed under unusual conditions which have
not alresdy been described in previous chapterses As well, reference is made
to three aspects of fertility which have not been considered in the exrerimental
work yet complement a discussion of the results. They are: laboratory
predictions of fertility frecm tests of semen in vitrc; srermatozoa in the
female; and the femrale ccntribtution to fertility.

Unferturately fertility is reported, often vaguely, in several diff-
erent ways by groups of workers and this scmetimes precludes a sensitle compar-
ison of resultse. None of the methods are completely free of signifiicant
influences, particularly the variaticn in egg productione As Lorenz (196L)
pointed out, the influences although uncontrollable are reasonable, as basically
fertility is the probability thét fertilised ova will be produced; thus
involving the gamut of probabilities from semen production to a successful mating
and ovulation. In this thesis fertility is limited to the probability that
embryonic development will be detected in slightly incutated eggs, after a
particular semen insemination. As percentages are computed for individual
pullets and averaged over all replications, this method avoids some biases of
uneven egg production between replicates.s Fertility estimated by the duration
of fertile egg moduction also avoids some objections, but is potentially more
laborious in that eggs must be collected and tested until it is reasonably

certain that pullets are infertile. After initial experiments it was practical
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to limit the period of egg collection yet observe the duration of fertility,

as each egg was identif'ied to the day after insemination as well as the pullet.

Lo Artificial Inseminatione

Preparation of semen.

Macroenvironmental influences pertaining to stored semen have been
discussed in Section 3.4, and appiy egually to fresh semen. Iowever fowl
sermen has proved relatively easy to retain in vitro for one or two hours in
clean apparatus, without the precautions reguired for stcrage. Possibly
temperature shock has small cumulative effects on spermatozoa integrity, but
workers almost unanimcusly emphasise the temperature tolerance of fowl
spermatozoa compared to domestic mammalse. Wales and Vhite (1959) suggested the
rroperty may be related to the relatively high temperature of spermatozoa in the
fowle 4 holding temperature of 10°C. to 15°C. appeared to be the optimum for
fowl semen, once the sample had been allowed to cool naturally af'ter ejaculation
(Allen 1957, Wales and “hite 1959, Bajpai and Browa 196k, 2ud Proudfoot and
Stewart 1967)e  Schindler and Hurwitz (1966) recorded that spermatozoa kept at
3900. in yitro were non-imotile within four hours and within Stwentyfour hours at
1800., and noted a higher maint-enance of motility of spermatozoa recovered from

the oviduct in vivo, which were subject to similar temperatures.

Dilution is an important step in the preparation of semen for
insemination and perhaps the most controversial. The decision of whether and
how to dilute semen is dependent on the objective of insemination:  the
desired ratio of progeny to one parent; the frequency of insemination; and
duration of fertility expectede A lthough dilution is a useful method of
extending fresh semen, most workers consider that spermatozoa integrity is
affected by the mechanical damage in mixing, the introduction of toxic substances,
the dilution of plasma nutritive or protective substances, or metabolic

changes arising from a decrease in spermatozoa density. The severity of these
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influences would seem to be dependent on the time that semen is retained in
vitro or associated with the diluent in utero.

Characteristics of Tyrode solution, carbonated and plasma-like
diluents, milx and a sodium=phosphate buffer, together with several ions and
additives for dilution, have been reported in Section 3.3. In general the
rreference of diluents for semen storage has centred on buffered solutions with
greater control over gas exchange and spermatozoa activity, and away from
imitations of seminal plasma. Many choices of diluent for an imnmediate
insemination are proposed in the literature: Ringer's solution by Bonnier and
Trulsson (1939); glycine diluents and seminal plasma by Rowell and Cooper
(1957); Tyrode solution by Allen and Skaller (1953); Kushner et al (1366) and
Van Tienhoven (1958); and sodium-phosphate buffer by Wilcox (1953)s This
suggests that the precise content of many diluents does not significantly affect
the fertilising potential of fresh semen.

The extent of dilution is usually dependent on the demand for semen,
with a compromise between the practical limit of a minimum volume for handling
and decreased fertility from high dilutions. There is considerable disagreement
in the literature over the optiLmun rate of dilution, which probably reflects the
methods of descriding fertility. Bonnier and Trulsson (1939) ob%ained no
significant changes in fertility with whole semen or a ten-fold dilution and
0.05 ml, inseminations; Munro (1938 ¢) suggested that extremely high dilution
rates were satisfactory providing a threshold of one hundred million
spermatozoa per insemination was achieved; Weakley and Shaffner (1952) considered
that dilution up to 1/11 with fowl semen serum did not reduce fertility; and
more recently Taneja and Gowe (1961 b) reported that dilution up to 1/11
increased the duration of fertility obtained from inseminations of less than
0e¢0O1 mle volumeo, However the majority of recent reports endorse the advantages
of low dilution rates up to approximately 1/L4, coupled with low insemination
doses if necessary (Allen 1957, Rowell and Cooper 1957 and 1960, Wilcox 1958,

and Saeki 1964 ).
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Insemination dose is inversely proportional to the rate of dilution
where the spermatazoa number is limitede Once again there is considerable
variation between reports for the preferred number of spermatozoa required to
produce high fertility. The recommended minimum spermatozoa number for one
insemination has steadily decreased over the years from one hundred million
(Munro 1938 ¢) to sixtytwo million (Van Duijn 196k cited by Lake 1967); and as
the counting and inseminating technigues improve the number would be expected
to continue fallinge. Some extremely small semen doses have produced moderate
fertility; Taneja and Gowe (1960) inseminated an estimated 112 million
spermatozoa in 0,0002 mle of undiluted semen and obtained fertile eggs for an
average 2.3 days, and 860 days with 0,001 ml., and only slight increases in the
duration of fertility with more than 0,01 ml. or fiftysix million spermatozoa.
Saeki (196L) obtained 20} fertility over seven days with a 0,00125 mle. dose
of undiluted pooled semen, and maximum fertility with a 0,02 mle dose; he noted
increasingly high positive correlations of decreased dose with decreased fertility.
which implied a threshold of spermatozoa number for fertility. Saeki et al
(1965 a) reported that a 0,005 mle dose of undiluted semen every fourth day
rroduced higher fertility over one laying year, than 0eOL mle every sixth day,
or even higher volumes. The general trend appears to be toward reduced doses of
relatively concentrated semen, particularly in some Japanesc laboratories

(Morimoto 1966 pers. corme )e

Insemination technique.

Intra~vaginal or intra-uterine inseminations are usually applied in
comnercial breeding programmse The intra-vaginal technigue has been described
in Section 2.5, but it is worthwhile to note that Gabriel (1957) devised a one-
man insemination technigue flor caged hens and reported similar advantgges in
synchronisation and mental response to those obtained with one-man semen
collectione Intra-uterine insemination has been applied in conjunction with

frozen or glycerolised semen to place the spermatozoa beyond the utero-vaginal
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Jjunction, but in some cases this technique caused an inhibition of ovulation
and great pain to the birdse Bobr, Lake, Lorenz, Ogasawara and Krzanowska
(1965) reported a method of everting the vagina until the junction was exposed
and quick careful penetration with a camula; this caused less irritation and
decline of egg production than the previous method of penetrating the utero-
vaginal junction in situ.

Intra-peritoneal insemination has more severe effects on the birds and
is normally resiricted to research with frozen or glycerolised semen or attemdts
to place spermatozoa near the infundibular glandse Brown, Harris and Hobbs (1963b)
described intra-peritoneal insemination with a 1" needle inserted 1.5 cme
postedor to the last rib and caudalward at 450 angle to the body wall,. They
suggested that the intra-peritoneal technique was superior to intra-uterine
insemination, and that the use of small volumes of diluted {resih semen containing
antibiotics reduced the deitrimental effects on egg productiosn. Ilowever both
methods invite the ris of introducing microorganisms to the site of fertilisation.
Harry (1963) reported that excepting the vagina, the reproductive tract of a
healthy pullet contained few bacteria and that deposition of convaminated semen
above the vagina could introduce bacteria before albumen deposition protected
the owvum.

Most variations of handling techniques are modif'ications of Burrows

and Quinn's (1937) technique, suited to the housing and labour conditions.

Spermatozoa in the oviducte

Af'ter intra-vaginal insemination ar copulatiom spermatozoa are
thought to move through the vagina and utero-=vaginal junction primarily by
their own motility. For this reason the junction acts as a selective barrier
to spermatozoa, although the signif'icance and extent of selection is not clear.
Once over the junction and in the uterus lumen, spermatozoa and similar inert

substances apparently travel by the peristaltic or ciliary action of the oviduct.
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Saeki, Tanabe, Katsuragi and Miyage (1963) using a tracer technique with
37p = labelled cells, found living spermatozoa in the infundibulum within six
teen minutes of intra-vaginal insemination; this extremely short interval
necessitated external aid for the spermatozoa and rapid passage through the vagina.
Inert substances deposited in the uterus moved at a similar rate especially in
laying birdse Within twentyfour hours of intra-vaginal insemination more than
503 of the radioactivity was recorded in the infundibulum and some near the
ovary, but the distribution was partly influenced by the stage of owvulation at
the time. Allen and Grigg (1957) employing similar methods reached the same
conclusions and suggested that the proportion of spermatozoa which reached the
infundibulum was determined by the site of deposition.

Once near the uterus most of the living spermatozoa apparently move
into a group of glands in the utero=vaginal junction, which are considered to
be residence sites acting as a revervoir of spermatozoa required for seguential
ovalationse Van Drimmelen (1943) first emphasised the maintenance role of
'sperm nests' glands in the caudal infundibulum and assumed the bulk of the
stored spermatozoa were retained in close proximity to the site of fertilisation.
Recent studies (Bobr et al 196k a, b; Lorenz 196).) have discounted the biological
significance of the infundibular glands and ascribed the main storage role to
the histologically similar utero-vaginal glandse These glands are mainly
in vaginal tissue where a thick ring of constricted folds delineating the
uterus, are massed in the sphincter lumen (see Plate 10). Bobr et al
(1964 a) detected abundant spermatozoa within the glands ten mimtes after
copulation and less than ninety minutes after an intra-uterine insemination

whereas the infundibular glands were more slowly and sparsely fillede.

Comparisons have been reported on the storage potential and biological
signif'icance of the two gland sites following a variety of insemination
techniques, but do not necessarily apply to spermatozoa distribution after

natural matingse. Bobr et al (1964 a) considered the infundibular glands
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unimportant spermatozoa residence sites, as albumen secretion or an inflated
developing egg effectively blocked spermatozoa passage, and the average duration
of spermatozoa in the infundibulum was less than thatat the utero~-vaginal
Junctions By applying intra-vaginal, intra-uterine and intra~peritoneal
inseminations at different times in the ovulatory cycle, they observed an
increasing proportion of spermatozoa in the infundibular glands as the semen was
deposited deeper, and virtually no caudal migration after an intra-magnal
insemination. Natural mating was apparently equivalent to penetration between
the vaginal and uterine depositions, with a few spermatozoa achieving the in-
fundibular region. In contrast, Talkeda (1966) observed that the infundibular
glands had a higher prescrvation capacity than the utero-vaginal area after an
insemination of 100 million spermatozoa at the two sitess He obtained an
average duration of fertility of 17.2 days at the infundibular site and 12,2
days from the utero-vaginal Jjuaction.site spermatozoa, and the situation was
unchanged by larger insemination dosese Van Krey, Ogasawara and Lorenz (1961 )
also obtained a longer duration of fertility from spermatozoa deposited intra-
magnally after laparotomy, but in later tests Van Krey et al (1965) detected a
high pre-oviposital embryonic mortality. This has been tentatively ascribed
to several features of infundibular storage: firstly that inferior spermatozoa
successfully competing for fertilisation would normally have been impeded in
passage through the oviduct; that the blastoderm could have been disrupted by
intense polyspermy af'ter a fertilisation near to the storage site; or that the
spermatozoa are rendered inneffective by severe overcrowdinge These hypotheses
elucidate some of the apparent advantages obtained with frozen or glycerolised
semen af'ter deposition ebove the vagina, and the increased fertility with
artificial insemination of semen from low-fecundity malese

Less information is available on the spermatozoa release mechanism,
Grigg (1957) reported the presence of living spermatozoa in the infundibulum
lumen soon af'ter egg passage had been simulated by an artificial ovum, and

postulated a strong influence of mechanical distensione Subsequent experiments
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have questioned these conclusions and although the mechamism is still unknown,
it is thought to be synchronised with ovulatory cycles. Lorenz (1966)
observed some spermatozoa releases after mock ovulations and hormone treatments
but noted that 'normal' releases occurred only after a genuine ovulation and
that spermatozoa had disappeared from the lumen again within two or three hours
of ovulations Most of the spermatozoa were released from the utero-vaginal
glands. Other recent papers by Verma and Cherms (1965), Lake (1966 a, 1967)
and Van Krey, Ogasawara and Pangborn (19567), help to establish a few points:
spermatozoa inseminated in or near the uterus rapidly assemble head-first in the
utero-vaginal glands and become fairly gquiescent; during and after ovulation
some spermatozoa - possibly the first to enter the glands, are released by an
uinknown mechanism and move up the oviduct to the site of fertilisation in the
magnum or infundibulum; and that spermatozoa residence in the utero-vaginal
glands is an integral part of avian sequential ovulation. Parker and Arscott
(1965) clearly demonstrated the longer duration of fertility obtained with
inseminations made from 1200 to 2100 hours compared to 0800 hours, and most
workers attribute this to the stage of ovulation, assuming that an egg in
utero blocks the ascending spermatozoa or prohibits a satisfactory eversion

of the cloaca.

Competitive flertilisation has been demonstrated with old and fresh
sparmatozoa (Payne and Kahrs 1961, Smyth 1963 and Kushner et al 1966), defective
spermatozoa (M11len and Champicn 1955), and heteroplasmic unicns (Atkinson,
Kropp, Bradley and Quisenberry 196€, and Itagaki, Tsubokura, Inomata and
Nakano 1966)e The fertilising potential of aged versus fresh spermatozos has
been well documented and is useful for predicting the change in paternity, but

the apparent disadvantages of heteroplasmic matings are umresolvede

Female contribution to fertility.

The evidence for genetic differences between females in their
contribution to fertility, is rather fragmentery and as yet unrelated to

physiological or psychological variation. Bonnier and Trulsson (1939) report-
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ed significant variations in the sbility of females to produce fertile eggs
and Howes snd Gowe (1960) after similer results suggested that the duration of
fertility was at least partly determined by several non=dominant autosomal genes.
Yays (1950) reported some evidence that female fertility was determined as a
sex-linked trait by the sire. Maw (1956) and Allen =nd Skaller (1958), obtaired
hetercplasmic and strain veriaticns in fertility and noted interacting male and
female centributions. Recently Arara and Kosin (1966 a, b) reported an
association of the stage of gastruletion cf turkey eggs at oviposition with thLe
ability of the blastoderm to survive pre-~incubation sterage.s This confirmation
of genetic differerces in hatchebility helps to explain the anarent differences
in fecundity which were not detected by early fertility tests, and highlights
the problem of measwring avian fertility.

More informeticn is available on environmental effects on fertility.
Apart from the nutritional, pathological and managemert influerces discussed in
Section 2.1, which cbvicusly affect femcle gamcte maturation as well as spermato-
zoa, most research has been concerned with the relaticnshir cf ovulation rate
end fertility. Lamcreux {19LC) repcrted that infertility wes inversely pro-
portional to clutch size or egg preduction over six weeks, for naturally mating
fowlse Naltandov and Cord (1943) with similer results, suggested that low-
producing females were mated less frequently and that tke reduced hatchability
reflected early embryonic deaths due to fertilisation by stale spermatozoa.
Teneja and Gowe (1960, 1961 cited by Lorenz 1564 ) reported strain variations in
the duration of fertility, which were associated with egg production rate and
inversely related to the fregquency of infertile eggs. Temperature influences
were reported by Long and Godfrey (1952) relating lower fertility in cold periods
to reduced mating; and Hafez and Kamar (1955) who considered winter ambient
temperatures were most favourable for fertility with natural matings in the
subtropicse McCluskey and Parker (1963) subjected pullets to different light
regimen and observed a positive correlation of fertility with increasing light

period, but showed that this was due to mating frequency and could be rectifiied
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by artificial breedinge Sunde and Bird (1957, 1959) noted initially low
hatchability due to early embryonic deaths in the first three to six weeks after
the onset of lay; and Tomhave (1958) reported highest hatchability during the
first two hundred days of egg rroduction and an accelerated dccline thereafter.
The significance cf female immuno-reaction to repeated insemination or
the infertility syndrome, is a controversial topic at present. The presence of
circulating antibodies to spermatozoa has been established (“entworth and Mellen
19C3 b; Hosoda, Abe end Ctsuka 196L; Saeki et al 1965 a, b; and Lake 1966 a),
but many workers are sceptical of their reletionship with declining fertility.
tbe et al (1565) and Ttagaki et al (1S66) were unable to incriminate antibodies
and Kushner et al (1566) suggested that the insemination technique and equipment
could be responsible fer declining fertility resultse. Some reports have in-
dicated a higher immuno-reaction tc artifiicial insemination than natural mating,
and Leke (1566 a) has pointed out that this may be due to the higher proportion

of male blood transudate obtained wwith artifiicial collectione

Laboratory predictionse

The datz cbtained from Inboratory evaluations cof semen for
predicting fertilising capacity, are briefly mentioned in this review, in pert
to Jjustify their ommission from the thesis research. Cooper and Rowell (1957)
considered that a measurement of resazurin reduction time to » pink: end-point (RRT),
or initial pH, or percentage dead spermatozoa, were sufficient to identify
cocks with an abnormally low fertilising capacity. They computed that 80.7% of
the variation in fertility between cocks could be explained by a combination
of RRT and percentage dead spermatozoa data. In a later paper (1958) they
obtained significant carrelations between RRT and percentage dead (+0.82%%%);
motility and RRT (~0.76%**%*); and motility with percentage dead (=0.95%***),

The most useful single criteria for laboratory prediction was the percentage
of dead spermatozoa which accounted for 77.7% of the variation in fertility

and this prediction was not signif'icantly improved by multiple analyses with
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other criteria, however the authors cautioned against the wide confidence inter-
vals in predictionse As no association of fertility with spcrmatozoa concen-
tration, semen pH or volume was obtained, the results imply that spermatozoa
quality measurements are most valuable in mredictionse.

Other reports emphasise similar criteria : Jacki (1960) obtained a
negative association between the proportion of crookeéd neck spermatozoa and
fertilising capacity; and licDaniel and Craig (1962) reportced that the combined
criteria of motility, opacity score and RRT accounted for 6h;§of the variation
in fertility of a subfertile strain but only 2755 in a highly selected Leghorn
straine However as Lake (1967) points out, no precise parcmeters of
spermatozoa morphology or metabolism have yet been sufficiently associated

with their fertilising potential to form the basis of simple semen quality testse.

Be Researchs

Le2 Materiel and llethods.

lMaterialse

Pooled semen obtained from cockerels of onc struin was collected

by the one-man technique described in Section 2.5.

Diluent chemical compositions are presented in Appendix Be

Artificial inseminations were made using a syringe with affixed
cannula or one of two micropipettese The 2 mles capacity syringes were modified
by a return spring on the plunger and a brass retaining tube around the bore
which limited the dose to a specif'ied fraction of a millilitre. Mioropipettes
and attached rubber blow tubes were applied for small dose inseminations as
pictured in Flate 9¢ The larger pipette with a 010 ml. capacity was calibrated
to 0,005 ml. and the bore diameter was approximately equal to the canmla bore.
The smaller pipette, pictured in Flate 2, had a 0,025 mle capacity and calibra-
tions to 0,0025 ml,

Pullets required for fertility tests were randomly chosen from batteries
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PLATE 7. Artificial insemination.

cage floor of third tier.
feed trough.

A
B
w water trough of second tiere.

The usual method of inseminating trained pullets. At the stage
illustrated, the cloaca has been forcibly everted to expose the distal vaginal
openings The cannula has penetrated the vagina 13" to 2", and immediately

following this, pressure was relaxedy the cloaca reverted, amd semen was
released into the proximal vagina.
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PLATE 8. Artificial insemination.

R : distal rectum.

At the stage shown the canmila has penetrated the distal vagina.
After the pullet was relaxed, the cloaca reverted and the semen
expelled.

Recalcitrant pullets were removed from their cages,
where more directional pressure could be applied for eversion.

The left hand pressed up the soft contents of the abdomen, while

the right hand forced the upper vent and pygostyle anteriorly and
exposed the atea for insemination,
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conveniently near the cockerel cagesy Usually groups of pullets in contiguous
cages or rows were allocated to one experiment and inseminated with semen from
males of the same straine INon-laying birds were omitted and a minimum

pericd of four weeks was allowed between experimental inseminations, Pullets
were subcivided into rendomised blocks fer each treatment, however the insemin-
ation sequence by treatments rather then replicetes, wes adopted for convenience

end was unlikely to influence the fertility obtained with fresh semen.

Kethodse

Semen reguired fresh for insemination, was ccllected between 1500

and 1630 hours and trensferred to a laboratory for dilution and mixing.

Dilutions were made within fif'teen minutes of collection when both
diluent and semen had attaoined rcom temperature. The diluent was slowly added
to the tukte of semen from a pipette and swirled by hand until the mixture appeared
uniforme

Insemination technigues have been described in Section 245. The
use of syringes inside and outsidec the cages are pictured in Plates 7 and 8,
and a micropipette insemination in Flate 9. During a series of inseminations
for one trestment, the tube of semen was ccntinually agitated to ensure o fair
sample for every pullete

Egg ccllection proceeded from the second day after inscmination over
the period prescribed in each experiment. Eggs were collected daily between
1400 and 1600 hours, with the date and pullet cage number marked on each one.
Individual eggs were identif'ied on the analysis sheet to both the pullet and the
date of oviposition,

Fertility tests were conducted after twentyfour hours of incubation
at 100°F. Eggs were broken out onto an illuminated glass platform with the
blastoderm appearing on the top surfaces Most decisions were made after a

rapid macroscopic examination which classified eggs as fertile on the basis of



120,

embryonic developmentes Unfertilised eggs were those exhibiting no embryonic
development and the characteristic white opague blastodisc centre with periph-
eral lacumae. Approximately 7;5 of eggs were classified as doubtful and examined
under magnifiication and ccmpered with diagrams mede at various stages of
incubation of unfertilised and fertile blastodiscse The undetermined errors
which cculd have arisen from pre-—oviposital mortality or parthencgenetic develop-
ment were appreciated but net seriously considered, as the results were intended
to be comparitave and relfect the fertility which would have been obtained with
candling. A more serious omissicn arcse from the lack of hotchebility results;
particularly in the semen sitcrege experiments,

Fertility was expressed at two levels: pullet fertility was computed as
he percentage of fertile eggs from individuals, and treotment fertility as the
averaged percentages of all pullet replicatess Althcugh raw data are presented

in the Agrrendix A tsbles, mcst of the percentage fertility rcsulis were treans-
formed for anelysis and comperisons between means; however original percentages

are illustreted in the graphse.

Lol Experimentse

frtificial insemination and fertility were investigated from three
aspects: diluents for extending fresh semen; dilution rate and insemination
dose; ard the repeatability of fertility.

In many experiments doses were varied in order to obtain a certain
number of spermatozoa per insemination; often inversely proportional to the
dilution rate. It was considered that dilution was relatively more important
to fertility than dose, consequently the results are grouped with respect to
dilution rates

Experimental methods and results are presented here from tables in

Appendix A, and a discussion of the results follows in Section 4.5

Diluentss




Experiment 18

Dilution Rate:
Experiment 22
" 23

" ')L

Ui 26

" 27
Fertility:

Experiment 23

" 20

Reseeorch methods:
Experiment 30

" 31

" 32

EXPERIMENT 18,

Methodse
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Locke's, Tyrode and milk diluents with two
strains,

Tyrode, milk and scdium-phosphate buffer diluents.
Tyrode and milk at twc dilution rates,

Tyrode and milk at four dilution rotese.

Three doses at three dilution rates with milk,
Three doses at two dilution rates with milk,
Two doses at three dilution rates with buffer.
Three dcses at two dilution rates with milk,
Foar dilution rates with milke

Four dilution rates with milk for two strains,

Duration of fertility after onre insemineztion.

Repectability of fertilitye.

Centrifugation of semen.
Pullet training for artificial insemination.

Tertility determinstions.

Locke's and Tyrode solutions and pasteurised whole milk, were

evaluated with an undiluted control, for dilution of fresh semen.

Semen was obtained from twenty AO and twenty WC cockerels, pooled

within each strain, diluted 1/3 at 10°C., and inseminated within fortyfive

minutes. Eight WC pullet replicates per treatment at 787 egg production, were

inseminated with O.1 ml. dosese

Fertility was computed using eggs obtained from the second to fifth

days affer insemination.
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Resultse

Data on the fertility results and analysis are mresented in
Table 3e Transformed percentages and signifiicant differences are used for

comparisons in this sections

Average fertility.

Diluent Mean Strain Mean
Milk 78465 WL 7506,
Control 7861 20 Thely
Locke's 7265
Tyrode 7066

(1) No significant differences between diluents were obtained.

(2) Undiluted semen produced fertility similar to that from

a 1/3 dilution.

(3) Teteroplasmic and homoplasmic semen rroduced negligible

fertility differences with V7T pullets.

SXPCRIVENT 1C.

Methodse
Tyrode solution, milk and a sodium-phosphecte tuffer were
evalueted for their dilution of fresh senen.

Semen was obtained frcm eight WC cockerels, pooled, diluted 1/2
and inseminated within fifty minutes. Tifteen VIC pullet replicotes per
treatment, at 827 egg production, were inseminated with 0.05 ml. dosese

Resultse

Data on the percentage of fertile eggs obtained from the
second to eight day after insemination, are presented in Table 10,

Average fertility.

Diluent Mean
Buf fer 79.1%
Tyrode 67.7
Milk 5346

D.Os = 23'39
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(1) Higher fertility (P{0.05) was obtained from buffer than milk
dilttion.

(2) A longer duration of fertility was produced with buffer dilution
than milk or Tyrode solution: reductions of 16% and 10 respectively in
fertility up to and af'ter the fif'th day were obtained in the latter, but there

was no decline over the eight day period with buffer.

EXPERINENT 20,

Methods.
The dilution properties of Tyrode solution and milk were
compared at high and low rates.
Semen was collected from ten WC cockerels, pooled, diluted 1/2 or
1/10 with milk or Tyrode solution, and used within sixty minutes. Eight AO
pullet replicaetes per trectment, at 82% egg rroduction, were inseminated with 0.05

mle dosese.

Resultse

Data on the percentage of fertile eggs obtained from the second

to ninth day after insemination, are presented in Table 12.

Average fertility.

Diluent Mean Rate Mean

Milk Sle 5% > 66+ 7%

Tyrode 52.9 1/10 10,7
D.05 = 22,41

(1) Average fertility from milk and Tyrose solution were not signif-
icantly different, although milk was 18% higher at the 1/2 rate and Tyrode 15%
higher at the 1/10 rate. The interaction was not significant.

(2) Higher fertility (P {0.05) wes obtained at the 1{2 rate.

EXPERTVMENT 21,

Methodse



123,

Tyrode solution and milk were compared at four dilution rates.

Semen was obtained from ten WC cockerels, pooled, diluted to 1/3,
1/6, 1/12 or 1/18 with milk ar Tyrode solution, and used within fifty minutes.
Five pullet replicates per treatment, at 807 egg production, were inseminated

vith 051 mle dosese

Results,
Data on the percentage of fertile eggs layed from the second

to eighth day after insemination, are presented in Table L.

Lverage fertility.

Diluent Mean Rate Mean

Milk 6lie 6 1/3 804155

Tyrode 6242 1/12 6lia7
1/6 580
1/18 5048
D,os5 = 28426

(1) Milk and Tyrode solution were not significantly different over a
wide range of dilution ratese.

(2) Higher fertility (P<0.C5) was obtained from a 1/3 dilution than
1/38, but no other significant differences from dilution rate occurred.

(3) In contrast to Expte 20, milk proved a more successful solution
at high dilution ratese.

(4) One infertile pullet in the 1/6 milk treatment influenced the low

fertility at that rate.

EXPERIMENT 22,

Method.
Three levels of semen dilution with milk were compared at three
insemination dose levels.
Semen was collected from twenty AO cockerels, pooled, diluted 1/3,

1/6 or 1/10 in milk and utilised within seventy minutese The original
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spermatozoa concentration was estimated at 5.1 x 1O9 per mle, producing 1700

million spermatozoa periillilitre at the 1/3 rate, 850 million at the 1/6 rate,

and 510 million at the 1/10 rate.

Eight WC pullet replicates per treatment, at

69% egg production, were inseminated with 0.05 ml., 0e10 mle or 0.22 ml. doses.

The estimated spermatozoa number per insemination in millions, with

the true percentage fertility in brackets is tabled below.

Dose Oe 05

010

0.22

Rate 1/3 | 85 (70)
1/6
1/1¢

n2 (57)
25 (22)

170 (87) 370 (86)
85 (63) 187 (71)
51 (35) 112 (20)

Resultse

Data on the percentsge of fertile eggs layed from the second to

ninth day after insemination, are presented in Table 7 and illustrated in the

lower graph of Figure 12,

Average fertility

Bais
1/3
1/6

1/10

D o5
D o1

lMean
69+ 7%
5562
3065
15652
19459

Dose

0622
0.10
0.05

Mean
56eL%
5o
LL.9

(1) Higher fertility was obtained with a 1/3 dilution rate (P<0.10)

than 1/6, and lower fertility (P< 0.01) with 1/10 dilution.

(2) No significant insemination dose or interaction effects were

recorded.

(3) From the table of spermatozoa number and fertility it is noted that

a large insemination dose did not negate the decline in fertility from dilution,

and that for a given number of spermatozoa and concentrated semen samples were

more effectivee.



PLATE 9.



PLATZ 9. Artificial inseminatione

A 0,025 mle capacity micropipette and rubber blow tube are illustrated

for a 0,005 mle experimental insemination.
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EXPFRIMENT 23

Methodse
Three small semen insemination dose levels were examined at

different dilution ratese

Semen was collected from twenty AO cockerels, pooled, with one batch
diluted 1/3 with milk and the other retained as an undiluted control. The
original spermatozoa concentration of 5.1 x 10?/ml. produced 17C0 million
spermatozoa per ml. at the 1/3 rate. Eight and sixteen AO pullet replicates
ver diluted and control treatments respectively, at 65% egg production, were
inseminated with 0,010 mle, 0e025 mls or 0.050 mle doses within seventy minutes.

Estimated number of spermatozoa per insemination in millions and the

true percentage fertility, are recorded in the table below,

Dose 0010 O. 025 O 050
Rate O 51 (86) 127 (95) 255 (92)

/3 | 17 (17) 42 (60) 85 (€L.)
Resultse

Data on the percentage of fertile eggs layed from the second
to ninth day after insemination are presented in Table 8 and illustrated in
the lower graph of Figure 12,

Average fertility

Rate Mean Dose Mean
0 7948% 0,050  68eL4%

1/3 4149 0,025 6749
D. o1 = 170 03

(1) Higher fertility (P<0,01) was obtained from undiluted semens
(2) Higher fertility (P<0.01) was obtained with the 0,025 mle or

larger dose compared to 0,010 mle
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Average fertility.

Rate = Dose Mean
0 0,025 8343%
0.050 8140

0,010 7561

1/3 0,050 557

0,025 5245
0,010 174
D.05 = 23456

(3) A significant interaction (P<0.05) was obtained; by which the
fertility of a 1/3 dilution was significantly lower at the 0.01C ml. dose level.
(4) An insemination of fiftyone million spermatozoa was sufficient to

produce 86% fertility over eight days of egg collection.

SXPZRIMENT 2Le

liethodse
Three rates of dilution with a buffer diluent were compared at two
dose levels.
Semen was collected from eighteen WC cockerels, pooled and diluted to
1/3 or 1/6 or retained as an undiluted control batch and utilised within fifty-
five minutes. Ten AO pullet replicates per treatment, at 835 egg production,

were inseminated with 0605 mle or 0e10 mle dosese

Resultse
Data on the percentage of fertile eggs layed from the second to
seventh day after insemination, are presented in Table 13A, Fertility obtained
from the second to ninth day, is illustrated in the Figure 12 top graph.

Average fertility.

Rate Mean Dose Mean
0 72.% 0.10 57. 7%
15} 5942 0.05 545
1/6 3605
D = 24403
«05 T~
D.O1 = 30641
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(1) Highest fertility was obtained using undiluted semen, and that
from 1/6 dilution was significantly lower (P<£0.01).
(2) There were negligible fertility differences between the dose rates

at any level of dilution.

Data on the percentage of fertile eggs layed from the eight to

twelfth day after insemination are presented in Table 13B.

Averesge fertility,

Rate Nean Dose Mean

0 43,3%  0.05 3645%
1/3 L0 L 0.10 35,0
1/6 2341

(3) The fertility differences arising from dilution rate were insignif-

icent in the last five days of egg collectione.

(4) No significant dose effect was obtained, which indicated that
halving the total number of spermatozoa inseminated, did not at these dilutions
rates affect the durction of fertility.

(5) Over the whole eleven day collection period the only significant

fertility differences were those between O and 1/6 dilution rate (P<0605).

EXPERTMENT 25e

Methods.
Two rates of semen dilution were compared at three insemination

dose levelse

Semen was obtained from twelve AO cockerels and pooled; one batch
was held undiluted and a second diluted 1/2 with milke The original sperm-
atozoa concentration of 384 x 109/h1., produced 1920 spermatozoa per mle at the
1/2 rate. Ten AO pullet replicates per treatment, at 78% egg production, were
inseminated with 0,005 mle, 0e010 mle or 0e050 ml. doses within thirtyfive

minutes,
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The estimated spermatozoa number per insemination and subsequant

fertility in brackets, are presented in the table below.

Dose 04005 0,010 0.050

Rate O 19 (62) 38 £65) 192 (78)

1/2 9.5 (26) 19 (65) 96 (72)
Resultse.

Data on the percemntage of fertile eggs layed from the second to

eighth day after insemination, are presented in Table 9 and illustrated in the

upper graph of Figure 12,

Average fertility,.

Rate

1/2

Mean
59.7%
498

Dose

0.050
0.010
06005

D, o5

Mean
664 9%
577
397
24488

(1) There were no significant dilution effects on average fertility,

although a sharp decline occurred at the 0.005 mle. dose level,

(2) The average fertility obtained from a 0.050 mle dose was higher

(P<0.05) then that from a 0,005 mle doses

(3) An estimated 19 million spermatozoa produced 65% fertility over

a seven day collection period.

EXPERINMENT 26,

Methodse

The use of pasteurised whole milk at low dilution rates.

Semen was collected from eighteen WC cockerels, pooled, and three

batches diluted to 1/2, 1/3 or 1/L4 with a fourth retained as undiluted control.

Sixteen AO pullet replicates per treatment, at 86% egg production, were

inseminated with 0e025 mle doses within forty minutes of collection.
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Resultse
Data on the percentage of fertile eggs layed from the second to
eighth day after insemination, are presented in Table 11 and illustrated in the
upper graph of Figure 12,

Average fertility.

Rate Mean
0 6548%
1/2 47,0
1/3 4545
1/ %6e7
D. 05 = 21.20
D, o1 = 264441

(1) Higher fertility (P<0,01) was obtained from undiluted than 1/L

milk diluted semen, but no other significant rate effects were obtained.

SXPERIVENT 276

Methodse.

Four dose and dilution rate combinations usin;: a constant number
of spermatozoa per insemination, were tested with semen from two cockerels.

One WC and one AO cockerel provided 0.8 mle of semen each of which a
portion was kept undiluted and the rest diluted to 1/2, 1/10 or 1/20, with milk.
The WC semen concentration was estimated at 1.71 x 1O9 spermatozoa per ml., and
the A0 at 3410 x 109/ml. An estimated 41 million spermatozoa were inseminated
with each WC dose, and 71 million for the AO dose. Five WC pullet replicates
per treatment, at 754 egg production, were inseminated with 0e024 mle, 0048 ml.
0.2, mle and O.48 mle doses for decreasing concemtrations respectively, within
seventy minutes of collectione

The estimated spermatozoa concentration per millilitre, in millions,
is shown with the true fertility obtained in brackets, in the table below.

Rate 0 1/2 1/10 1/20
ale WC 1710 (85) 855 833 171 o{ 86 in
A0 3100(96) 1550 (93 310 (7 155 (18)
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Results.
Data on the percentage of fertile eggs obtained from the second
to eighth day after insemination, are mresented in Table 5.

Average fertility.

Rate Mean Male Mean
0 79.%% A0 L769%
1/2 78.0 we 3940
1/10 Le9
1/20 1141
D.05 = 19.58
D, o1 = 2hatB

(1) Higher fertility (P<0.01) was obtained from the O and 1/2 dilution
rates than 1/10 or 1/20; conversely, lower fertility (P<Z0.01) was obtained
from the doses greater than 0O.24 mle than those less than 0,0.8 ml.

(2) There were no significant differences obtained between males,
tested, although AO values with a higher spermatozoa concentration were notably
higher at high dilution ratcse

(3) A significant fall in fertility occurred with concentrations

between 855 million and 310 million spermatozoa per millilitre.

EXPERTMENT 28,

Methodse
The duration of fertility after one semen insemination was
recorded for two strains of pulletss
Semen was obtained from twenty WC cockerels, pooled and diluted 1/3
with milk for use within forty mimutes. Fifteen WC pullets at 70% egg
production and fifteen AO pullets at 67% egg production, per treatment, were
inseminated with Oe1 mle dosese Five pullets from each strain were inseminated

weekly, to serve as a control,

Results.
Data on the percentage of fertile eggs obtained from the second
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to twentyfirst day after insemination are presented in Table 27.

(1) A similar decline in fertility was observed with each strain;
the average test and control fer+ility is illustrated in FPigure 13. Over 80%
fertility was maintained for the first week after insemination, and thereafter
the average fertility fell by approximately 107 per daye

(2) The average fertility obtained from the WC pullets was higher
(P{0.01) than that from the AO pulletse

(3) A high corvelation (+0e926%%) was obtained betwecen the daily
fertility levels of the two strainse

(4) The control fertility did not change significantly over the

experimental period.

ZYPTRINENT 29

Methodse
Individual matings which produced extremes in fertility, were

repeated twleve weeks later under similar conditions.

Two WC cockerels (Nos. 114, 117), two ML cockerels {ilo's. (7, 109),
and two AO cockerels (No'se 30, 108), were mated during levtember 1965 to 11,
14, 10, 11, 1 and 1 pullets respectively, of the same strain. Semen from
Males 30, 67 and 108, was inseminated undiluted, but semen from Males 109, 114
and 117 was diluted 1/2 with milke During September the average egg mroduction
was 70%. Twelve weeks later in December, 1966, with average egg production at

54%, the matings were repeated using the same semen treatments and stocke

Resultse
Data on the percentage of fertile eggs obtained with two
inseminations over a seventeen day period, are presented in Table 28.
(1) Higher fertility (P< 0e10) was obtained from the original matings

in Septembers,
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(2) There was a correlation of +0.3614* of individual pullet fertility
results in the two testss

The average fertility of untransformed data is recorded in the table

below.
Trial Septe Dece,
Male 67 8)4-. 7% 77 . 67’\;
109 62.1 5067
114 7269 8l
117 6560 L1.9
108 0 0
30 10060 10060
liean 6le1 5961

(3) The single matings of the two AO cockerels mroduced exactly the
sane fertility at both trialse The pullet mated to Male 108 was considered
infertile.

(4) There were no significant differences in fertility of eggs

collected after the first or second insemination in each trial.

EXPERTMENT 30

Method.

This experiment was conducted to test possible detrimental
effects of centrifugation on the fertilising ability of spermatozoa.

Semen was collected from twelve WC cockerels, pooled, then split into
three batches, of which two were centrifuged at 1800 RPM (460 RCF) for ten
minutes and the third held stationary at 10°C. as a control. The supernatant
of the first centrifuged sample was withdrawn and replaced by buffer diluent up
to the original volume; The second centrifuged sample was remixed by gentle
agitation until the spermatozoa were unifarmly distributede Then WC pullet
replicates per treatment, at 76% egg production, were inseminated with 0.05 ml.

doses within seventy minutes from collection.
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Resultse
Data on tlhe percentage of fertile eggs layed on the second to
eighth day after insemination, are presented in Table 34.

Average fertility

llethod Mean
Buf'fer 81.6%
Remix The
Control 63.0

(1) There were no significant method effects on fertility.
(2) Centrifugation at 460 RCF for ten mimutes did not damage the

fertilising potential of freshly inseminated semen.

EXPORTICNT 314

Methodse
This experiment was conducted to determine the measurable response
of two strains of pullets to their first artvificial insemination.

Semen was obtained from ten ML cockerels, pooled and diluted 1/2 with
milke A group of twenty VWC and twenty AO pullets which had not been handled for
insemination previously, were treated in one of four ways prior to the insemina-
tion proper. The first group, referred to as 'semen' were inseminated
normally with Oe1 mle of 1/2 milk diluted semen. The second group, referred to
as 'water' were inseminated with Oe.1 ml. doses of distilled water. The third
group, 'sham', were removed from their cages and everted, but not inseminated.
The fourth group 'nil' were untouchede Two days later, five pullet replicates
per method, at 79% egg production, were inseminated with Oe1 ml. doses of 1/2

milk diluted semen.

Resultse
Data on the percentage of fertile eggs produced from the second to

eighth day after insemination, are presented in Table 6,
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Average fertility

Method Mean Strain Mean

Semen 85.2% WL 79.0%
Sham 8149 AO 7849

Nil 7946

Water 6941

(1) Pre-insemination handling produced no significant advantage for
subsequent fertility, although it did make the pullets more tractable for the

test insemination.

(2) There were no fertility differences between stroinse

E{PRINENT 32,

llethodse
Estimations of fertility were compared using a twentyfour hour

incubation egg breakout technique and a five day incubation egg candling technique.

Semen was obtained from twelve AO cockerels, pooled and diluted 1/2 with
milke. Sixteen AO pullet replicates at 84% egg production, were inseminated with
0e05 mle doses within thirty minutes of semen collection. Eggs collected from
the second to ninth day af'ter insemination were subject to a candling or breakout
fertility test; alternate eggs from each pullet were allocated to each method
of testinge. Candled eggs which were considered doubtful were broken out, and
examined macroscopically for enbryonic development up to the twentyfour hour

incubation stage.

Results,
Data are presented in Table 32,

Average fertility.

Method Mean
Breakout 91.7
Candling 8362

(1) There was no significant difference between the method of detecting
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fertility,. The higher fertility at twentyfour hours of incubation is attrib-

uted to a particular type of embryo which subsequently died a:nd degenerated,

L.5 Discussione

lMost research effort was directed toward finding the best method to
prepare spermatozoa for maximum fertilising capacity in the first week af'ter
insemination. Particular emphasis was laid on semen dilution rate.

The dose of semen inseminated was frequently analysed, in the sense
of being inversely proportional to the dilution rate. However the small amount
of research into dose was mainly concerned with the accuracy and ease of
insemination with the syringes and pipettes used.

Excepting minor modif ications in positioning the females during
handling, no effort was made to imarove the in-cage method of insemination. The
choice of equipmeunt was cxtended to include two sizes of pipettes and inter-
changeable bore tubes which determined the syringe fluid cepacitye A brief
study of pullet responses to handling for insemination was intended to complement
similar experiments on handling cockerels for semen collection.

Four wellknown diluents were tested for their diluting properties of
semen briefly retained in vitro, but no effort was made to isolate their precise
effects on spermatozoa, their value for extending the duration of fertility, or

their long-term effects on the female genital tract.

o5 sfesfe sje e sfe shesle st ofefe e sfe sfesfe sfe sfe

Diluentse
It was difficult to determine the importance of dilution or the choice
of diluent, in extending fresh semens @ Where semen was diluted for convenience

of handling or extending a cockerel's spermatozoa over many matings, the only
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criterion of success, as in this study, was the level and duration of fertility
obtainede The relatively low dilution rates used and the short periods of

storage in vitro, an average thirty minutes; reduced the opportunity for
variations in flertility which could be attributed to the diluente The storage
potential of the four diluents tested and discussed in Section 3.7, was not necess-
arily the dilution potential which was tested in the experiments with fresh

semene

As there have been no objective studies reported on the immediate or
in utero influence of diluents on spermatozoa, speculation on their value with
fresh semen is limited to the criteria considered for stored semen. They
include:  the chemical compatability of the diluent; the ionic composition;
buffering and chelating properties; nutritive capacity; and the interaction of
diluent with spermatozoa metcbolism.

All of the diluents studied; Locke's and Tyrode solutions, pasteur-
ised whole milk and sodium=phosphate buffer; had been extensively used by
research groups and were apparcntly chemically compatible to spormatozoa. of
the other criteria, only the influence of a diluent=-spermatozoa interaction
would seem to be significant during the short period in vitro. This effect
could work through a reaction in vitro which rendered the spermatozoa
responsive to diluent in the oviduct.

Considering the yv/ide ranges in chemical and carbohydrate content of
the diluents studied, it appeared unlikely that either of these factors strongly

influenced the results obtainede.

In agreement with results obtained from stored semen, the sodium-
phosphate buffer proved a superior diluent. Once again the higher fertility
was manifested by a longer period of fertile egg production, vhich suggested
that at least some of the benefits from the buffer applied with both stored and
fresh semen, and possibly while in the oviduct. Locke's and Tyrode solutions

and milk, did not produce significant variations in fertility or differ
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systematically at low or high dilution rates. Unfortunately there were no
studies on the total duration of fertility or the oviduct reaction to repeated

doses of diluents; either of which could have clarified the main dilution effect.

The evaluation of diluents relied mainly on the results of semen
storage experiments and to less extent on dif'ferences observed in diluting fresh
semene. As there were no striking advantages in the fertility from fresh semen,
the choice of diluent would partly depend on their availability and ease of
preparation. Pasteurised milk is a physiological solution which is generally
available at an appropriate temperaturcec, however milk was susceptible to micro-
bial and temperature induced changes which could affect spcrmatozoa function.
Other problems in concemtration estimates and dilution arose from the similarity
in colour and consistency of milk and semen. Tyrode and Locke's solutions
were transparent and easily stored at 200., but lacked bufferingcapacity and
were laborious to mix with several inorganic salts and a carbohydrate.

iithin the limitations noted above the sodium=-phosphate buffer had
proved superior for semen storage. It was easily mixed from two inorganic

selts and stored at ZOC. without a deterioration in diluti:ng quelitiese

sjeenje esdesfaieale slexde siesfeole ofe Seofe oo

Optimal Utilisation of Semene

This section is concerned with the preparation of semen for insemin-
ation. It is often necessary to dilute semen in order to obtain a volume
sufficient for use in several inseminations, particularly where the equipment
can not cope with small dose levelse However dilution has been shown to affect
fertility and this discussion outlines factors involved in compromising dose
level and dilution rate.

Three related aspects of semen modificatian have been considered:
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dilution rate; insemination dose; and spermatozoa number.

The decline in fertility which accompanied increasing semen dilution,
is clearly illustrated in Figure 12

There are two obvious features shown in the graphs: {irstly that
fertility decreased more rapidly at the lower dose levels; and secondly, that
little advantage wes obtained at any dilution rate of a dose larger than O.1 ml.

In all experiments on average dilution rate of 1/6 or greater, mro-
duced significantly lower fertility than the more concentrated samples. Un-
diluted semen produced the highest fertility at all dose levels but the dilution
effect was not important until very small doses were testede.

The 'medium'! dilutions including 1/3 to 1/6 proved to be relativdy
important at the dose levels commonly applied in inseminatione Higher fertility
was obtained from a 1/3 dilution than a 1/6 dilution in Exptse 22 and 24, how-
ever the difference was not modifiied by doses ranging from 005 mle to 0e22 ml.
This therefore, could be considered a dilution effecte In Ixpte 26 where a
0025 mles dose was used, the same gradual decline in fertility from increasing
dilution was observede

More comprehensive data has been accumulated on the consequences

of dilution. In Exptse 23, 24, 25, 26 and 27, undiluted sermien produced higher
average flertility than any dilution of semen at the same dosc level.  Vhere
the dose level was less than 0,025 ml., the dilution effect wos most obvious.
In Expte. 23, a dilution of 1/3 caused a highly significant drop in fertility at
the 0,01 ml. dose level; however in Expt. 25 where the same dose was tested at
a 1/2 dilution, the fertility was maintained at the undiluted level. The latter
result is illustrated in the upper graph of Figure 12, and the former in the
lower graphe When the dose was reduced to 0,005 mle, a signifiicant decline in
fertility occurred with a dilution as low as 1/2.

In some cases the results could be interpreted with respect to

spermatozoa concentrations From Expte 22, with doses ranging from 0,05 ml. to



139.

0¢22 mle, the significant decline in fertility occurred between 850 million and
510 million spermatozoa per millilitre., For the lower dose levels from 0,01 ml,
to 0e05 mle in Expt 23, the drop occurred between 5100 and 1,/00 million sperma-
tozoa per millilitre. In the 0,005 ml, dose of Expte. 25, the threshold lay
between 3,840 and 1,920 million spermetozoa per millilitre. Possibly the most
valuable result was obtained in Zxpte 27, where concentrations veried while the
spermatozoa number inseminated remained constante Here the significant decline
in fertility occurred bettieen 855 and 310 million spermatozoa per millilitre.
Apparently some of the detrimentsl effects of dilution with small inseminations
can be countered by increasing spermatozoa number with o larger dose.

Unlike the rate of dilution, the insemination dose is restricted by the
practical limits to using small volumes of semen. Doses below 0s05 ml. were
inseninated relatively ecasily with a micropirette but needed ot least 15% more
time ond reguired much more skill in both drawing in the correcct dose and in
penctrating the vagina. lowvever the method would not be required for the
majority of inseminations, but valuable for the few cases of low volume
ejaculetions and high femcle to male mating ratios. For example in Expt. 23,
86¢5 fertility was obtained from an undiluted dose of 0.01 ml., but only 6LS)
fertility from an 0.C5 ml. dose of 1/3 dilution, although the latter conteined
more spermatozoa. In Expt. 25, 62% fertility was obtained from 0,005 ml. of
undiluted semen, versus 72% from a 0,05 ml. of 1/? diluted semen which required
five times the number of spermatozoa.

Within the 0.05 mle to 0422 ml. range of doses applied by syringe,
the fluctuation of results obscured clear fertility effectse In Expt. 22
higher fertility was obtained by doubling the 0.05 ml. dose, but there was no
advantage from this in Expte 24e Dilution with milk in the first and buffer in
the second experiment, could have affected the results. However the variation
in pullet egg production would seem to be relatively more impartent; 69% in

Expte 22, and 83% in Expt. 24 It is possible that the oviduct was better
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equipped to sustzin spermatozoa at the time of maximum ovulation rate, and that
the number of spermatozoa inseminated was not so critical. Considering the
fluctuations in ejaculate quality and ovulation rate, it would be worthwhile to

inseminate a maximum O.10 mle. dose, if the semen is diluted.

The significance of using the best dilution and dose ratio possible,
is clearly illustrated by the negligible association of spermatozoa number and
fertility. For example in Expt. 22, 87% fertility was produced over eight
days with an estimated 170 million of 1/3 diluted spermatozoa, but only 71% from
187 million 1/6 diluted spermatozoa. In Expte. 23, 867 fertility was obtained
from 51 million undiluted spermatozoa over eight days, versus 6455 fertility from
85 million spermatozoa diluted to 1/3. With the very low insemination doses
applied in Ixpte. 25, as few as 19 million spermatozoa, either undiluted or
diluted to 1/2, produced more than 6077 fertility over a seven day egg collectinon
period. The sharp decline in fertility by a reduction to 95 million spermatozoa,
indicated that either a dilution or volume effect could have been responsible
because the halving of the 0.01 mle dose, or diluting 1/2 of the 0.005 ml. dose,
both halved the spermatozoa number.

These results confirm the negligible relationshiy between spermatozoa
number and fertility, which is frequently exmressed in thc literature. However
the situations with extremely low spermatozoa numbers or long periods of fertility

testing, have not been resolved by this studye.

No attempt was made to study the frequency of insemination and the
maintenance of fertility, apart from ensuring that weekly inseminations were
satisfactary with 0e05 mle or Oe10 mle. doses. Expte. 28 was intended to show the
decline in feertility after one Oe1 ml. insemination, and as illustrated in
Figure 13, the fertility was held above 80% in the first eight days. Although
fertility in the control group fluctuated due to the small number of replicates

used, weekly inseminations maintained a level between 80% and 100% Reports
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PLATE 10. Dissected uterovaginal region of fowl.

1. parallel glandular vaginal folds surmounting the sphincter.
2e uterus epithelium,
Se non~-glandular vaginal folds.

(From: Bobr, L.W., Lorenz, F.W. and Ogasawara, F.X., (1964).
J. Reprod. Fertil. 8, 39). Scale x 0.3
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in the literature indicate that more frequent inseminations are only necessary

when small doses are used or at a time of low semen or egg production.

Throughout this study, the absolute level of fertility was positively
correlated to the rate of egg production.s Reference has been made to this
association in the review; but although most of the fertility trials and Expt.29
in particular, confirmed the relationship, there was no justifiication far

determining causes and effects.

sfe sjecfieaje sfesle sfesle sfasie ol e fesle ol el

ilethodse

Artificial inseminction with the use of a syringe, deposited semen
intra-veginally approximately 5 cme from the cloacae The average insemination,
vihich included catching the pullet, deposition and release; occupied two
operators for thirty secondse

Preparing the female was not diff'icult and the results from Expte 31
indicated that fertility was unaffected by pre-insemination training. It would
have been possible for the females to reduce fecundity in two ways: firstly by
resisting pressure for eversion which would prohibit penetration; or secondly by
a decline in ovulation rate which occurred as a result of being frightened or
damaged in handling, Continued resistance to pressure for eversion rarely occ-
urred with birds which were laying regularly, but the decline in egg production could
have been an important, if occasional response to insemination.

Intra-vaginal deposition of semen was probably one of the most critical
phases of artificial breeding which was not studiede. The cannulae were
inserted gently with a pronounced lateral searching action until a firm resistance

encountered signifiied the constricted utero~vaginal junction, and the semen was
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PLATE 11.
1141
1142
1163

1Mk

Infundibulal and uterovaginal glandse

mid-chalaziferous region of infundibulum with spermatozoa-
containing glands in the coriume Scale x 75

a magnifiied area, indicated by arrows, showing spermatozoa
in the glands. Scale x 325

glandular vaginal folds with spermatozoa-containing glands
in longitudinal section and cross-section. Scale x 75
glands in longitudinal section showing the parallel
arrangement of spermatozoa. Scale x 325

From: Bobr, L.W., Lorenz, F.W., and Ogasawara, F.X.,
Je Reprod. Fertil. 8 39)e




expelled af'ter the bird has been relaxed. 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 themselves
through the vagina and Jjunction, it is reasonable to cxpect thet a relatively
larger proportion are liable to destruction or malfunction as the length of
passage increases. This may be a biologicelly significant phase of spermatozoa
selection however, as semen is thought to be deposited in the mid-vaginal region
during natural mating.

Semen which adhered to the outside wall of the cannula in being wiped
off in the vagina, was a constant but fluctuating source of dose error. The
extent of adhesion depended on the viscosity of the semen, the depth to which
the cannula was plunged while being refilled with semen, and the length of
cannula which penetrated in close contact with the vaginal walle This problem
was estimated to increase smell doses by up to 100%, therefore the micro-

pipettes were wiped prior to insemination in the dose experiments.

A check on spermatozoa functional capacity following centrifugation
at 460 RCF for ten minutes was considered necessary following unsuccessful
attempts at cemtrifuge and dilution techniques for semen storage, which were
described in Section 3e.3. As centrifugation did not produce a change in fert-
ilising ability, it vwas assumed that the techniques failed due to an

unsatisfactory preparation of antibioticse.

Magroscopic examination for embryonic development of twentyfour hour
incubated blastoderms, obtained very similar results to those of a five day
incubation and candling method in Bxpte 32¢ The slightly higher fertility
from the former was anticipated from the small propartion of embryonic deaths
between the first and fif'th days of incubations It was appreciated that
neither method detected all the fertilised eggs and that the theoretical fertility

was probably highere This was of no concern in this study unless the frequency
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of pre-oviposital or early embryonic deaths, was related to the treatments
imposed on the semens Recent reports suggest that fertilisation can occur in
extremely unfavourable conditions for both gametes, but that development is
of'ten transient and abnormal and the detection of fertility requires a
sophisticated staining procedure.

The method adopted for this study served adeguately in comparing the

flunctional capacity of different batches of semen.

Seste s foole e fee g ok deeetatook
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CHAPTER 5

CONCLUSIOIS.

The Studye

Research has been planned and undertaken with very close attention to
the literature. The experiments were either a check of rcsearch materials and
methods or an extrapolation of the published work for »ractical application in
Ilew Zealand.

In the field of semen release and collection, the study has progressed
beyond the largely mechanical avian approach and drawn from experiences in
mammalian artificial breeding and avian psychology, lowever the two remaining
fields of semen storage and preparation for insemination, have been restricted

by limitations of facilities and specialised knowledgee

Conclusions are based almost entirely on analyses of results from
fixed parameters, at the 1% and 5% probability levels, with occasional reference
to less signif'icant results which have contributed to the general conclusion.
This approach was at once safe and inadequate: statistical signifiicance did
allow the results to be interpreted with some certainty and revealed interactions
between the main factors, yet some analyses, particularly correlations, were
nonsensical and liable to detract value from other resultse The points labelled
in each experimental section were almost entirely significant results, but this

rigid approach was modified by illustrating the main findings graphically.

Some experiments suffered from a lack of objectivity. Semen
production studies were assessed by a few ejaculation responses, themselves
liable to other envirommental influences which could not be measured or always
recognisede The same fault applied to some semen storage experiments: the

percentage of fertile eggs produced was not necessarily a measurable effect
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wholly caused by a certain treatment of semen in vitro.

In retrospect, the choice of factors to be tested in the semen
production experiments was inadequateas In the nutrition trial some overwhelming
environmental influences diluted down the interpretation of the results until
they could only vaguely confirm some conclusions in the literature. Light,
temperature and age of stock studies foundered for similar reasons.

Semen storage could have become an advanced study on its own, therefore
a compromise was adopted whereby this aspect was studied at an elementary level
concerned with commercial situations and materials, and the results interpreted
from published work.

Insemination experiments avoided the main faults of semen production
and storage studies, because the treatments were gencrelly precise and relevant,

and the results clearly demonstrated by the main criterion of fertility.

The Interpretation.

Cockerel spermatogenesis proceeds at a high rate and functional
spermatozoa can be collected with very little effort compared to domestic
marmals. In the absence of any information to the contrary, apparently the
lighting pattern, rearing conditions and diet which successfully bring females
to egg production, suffice for male semen production. Dictary, disease, light
and temperature levels are thought to influence the persistence of both semen
production and relcases

Where cockerels are individually caged, semen can be collected in the
following manner. One operator dressed in familiar apparel should approach
the cages from the usual direction and proceed to work through the cockerels in
the usual sequence. The bird can be taken completely out of his cage, massaged
with one hand and the ejaculated semen caught in a tube by the other, and then
gently returned to his cages The ejaculate need not be protected from cold shock

or light, but contamination from dirty equipment or atmospheric dust should be
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avoided.

The functional capacity of normal spermatozoa is retained with stationary
storage at approximately 10°C. in a dark room; the main objective is to depress
the light or thermal activation of spermatozoa metabolisme If' the semen is to
be diluted for insemination, it is preferable to dilute immediately after
collection. The retention of fertilising capacity is pear<tly dependent on the
inherent quality of the spermatozoa and seminal plasma, but where the insemination
is expected to produce one weelk's fertile eggs, semen can be satisfactorily held
in vitro for one to four hours at 10°c. A low dilution with sodium~phosphate
buffer apparently reduces the deterioration of spermatozoa functione.

In the rather unusual circumstances of over-night storage, semen can be
diluted to between 1/2 and 1/ in buffer, mixed thoroughly, then allowed to remain

at 10°¢. with free gas exchange.

Prior to insemination semen is prepared in a form commensurate with the
main obJjective of the fertilisation; this could differ according to the
frequency of insemination, the availability and characteristics of semen, or the
in vitro age of the spermatozoa. The performance of stvored semen is enhanced by
the addition of 2.5 mg./mle of fructose just prior to insemination. In general
it is beneficial to inseminate fresh semen in the most concentrated form
practicables For dilution rates of up to 1/6, an insemination dose between 0,05
mle and 010 mle deposited intra-vaginally every seventh day, has proved sufficient
to avoid significant daily fluctuation in fertility. However the preparation of
semen and frequency of insemination must be adapted to the special characteristics
of the stock; in particular the state of egg production and spermatogenesis, the
age and artificial breeding history of the stocky and the spermatozoa fertilising
potential.

Semen is deposited from a clean glass cammula or pipette to a depth

of three to six centimetres, in the everted distal vaginae A longer duration
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of fertility can be obtained if spermatozoa are deposited soon after oviposition;
in practice this gernerally means insemination between 1300 and 1700 hours, which
is advantageous from the semen collection and insemination aspects.

TFertile egg wroduction can be expected from the first ovulation
following artificial insemination, and under the many condit ions prescribed above,
the fertility from fresh semen should not decline significantly in the first

eight days.

The Philosophye

Artificial breeding is an unavoidable consequence of the caged housing
of poultrye. Considering the expanding role of artificial breeding with farm
animals and the accrued advantages and knowledge, it is reasonable to expect
benefits far greater than the technical success of semen transfer, with poultry
as well. Research into avian reproductive physiology has been remarkably
meagre and incohesive, but the commercial demand for artificicl breeding has
necessitated an objective study of fowl spermatozoa and their requirements in

transfer from the male to female,

Some problems in artificial breeding are peculiar to the fowl and
in the absence of comparable results from mammals, research into spermatozoa
requirements in vitro and in the oviduct, is becoming increasingly vital. Of
prime impartance is the guestion of whether to deliberately sustain or depress
spermatozoa metabolism during starage above freezing temperatures. With the
discoveries of spermatozoa storage glands in the oviduct, many of the procedures
in semen s torage and the site of insemination, need to be critically re-examined.
The divergence of approaches in the recent literature suggests that this is
happening already; research has been directed toward the sites, and capacity
of the utero-vaginal glands to accept, support and release spermatozoa.

The apparently satisfactory methods of semen collection described in
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this thesis could also require a revaluation, as a more consistent fluid fraction
will almost certainly be required with precisely controlled storage environ-
mentse It is doubtful at present whether this problem should be tackled by a
change in collection techniques or by separating the spermatozoa and fluid
fractions prior to storages As avian semen is collected relatively easily yet
does not closely rescmble a matural ejaculate, there is obvious potential in the
latter method. The methods of housing and feeding cockerels for maximum
spermatogenesis have not been adequately investigated, but generally improvised

from the methods adopted for caged pulletse.

A1l research in avian artificial breeding must ¢ reclated to the
signif'icance of any phase of the mrocedure. Considering the relatively rapid
genetic mrogress possible with the fowl and the multiplicity of breeding object-
ives, it may be uneconomic to establish semen banks in a commercial organisation.
lowever there is a nced for satisfactory methods of storing and transporting
avian semen for several days in vitro.

The homogametic status of avian spermatozoa has prohibited the
experimental modification of sex ratios, which is a potentially important
characteristic of domestic mammalse

There is little doubt that research will eventually clarify the
relationship between spermatozoa morphology and function. ¥hen this occurs, all
three phases of artificial breeding could well be redirected from a pre-occupation

with semen per se to the unit spermatozoon.
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TABLE 1. Nutritional effects on semen productione.

Averaged volume of two semen collections in millilitres
Factors: ration (4) x breed (2) x period (6); 5 cockerel replications

Replications Treatment
Ration Period Breed 1 2 3 4 5 Sum Mean
A i WL 35 65 53 o8 20 1691 ¢ 382
A0 e 97 1632 «68 L3 «18 3658 716
2 WL 58 85 «68 25 25 2.61 0522
A0 100 1635 95 «55 «05 3690 « 780
5) WL «£0 83 (o] oL3 23 2.69 538
AO 1.00 1.73 098 .60 013 b—oul- 0888
4 WL 25 «68 73 23 e15 2604 « 408
A « 98 1635 90 55 23 Lo O1 «802
5 WL 26 «58 63 ¢33 20 2602 o LOL
A0 1.03 1028 83 oliS «18 3677 o754
6 WL «18 68 53 o33 15 1,87 sy
A0 «73 1.10 6D 023 «20 291 582
B 1 WL L7 o62 oi3 «50 «25 227 L5k
A0 1.18 /0 o5 «88 70 3¢9 ¢ 782
2 WL «60 «68 38 «50 23 2639 o478
A0 1655 e75 « 30 85 o140 3485 770
5) WL 50 53 ¢35 «58 20 2616 o132
§.1¢) 1e45 78 50 «80 88 Lol 882
L WL 70 53 «30 58 350 2641 01182
A0 1eL5 «68 o1,8 «83 45 3489 o778
5 WL « 50 63 «38 oL8 «20 2619 o138
AO 1010 058 035 073 035 3011 0622
6 WL L0 55 23 o 38 «20 16 76 « 358
AO 95 40 30 75 53 2,93 « 586
c 1 VL 18 20 58 «68 ¢35 199 «398
A0 «60 87 70 58 62 537 o67h
2 WL ® 25 ) 23 073 080 043 20&1}- oll88
A0 75 68 83 o 78 78 2,82 y(IN
5 WL 30 15 53 -88 o3 2629 o458
A0 70 /5 «85 /0 85 3685 e 770
l&- WL 010 008 045 068 030 1.61 0322
A0 20 .68 «90 «?5 85 3e 35 676
5 WL e15 «10 e53 <60 23 1461 0322
A0 55 60 60 «60 83 318 0636
6 WL «08 23 ¢ 30 65 40 1666 0332
A0 «53 «58 28 o8 «50 2637 L7k
D 1 WL 47 o3 1¢15 50 20 2675 «550
m 098 072 087 095 1.10 ’4-.62 09214-
2 WL 055 01+8 1020 .65 .hO 3.28 0656
A0 110 83 1.15 1¢25 . 95 528 16056
3 WL 53 o3 130 «60 25 3611 622
A0 1623 (8 1603 175 1615 5694 1,188
L WL «50 o4O 123 63 «83 3¢59 . 718
AO 1625 «80 «85 115 1620 525 1050
5 WL «50 35 1¢13 48 20 2466 + 532
AO 1058 ol3 085 100 115 5e11 1,022
6 WL e35 40 1410 30 23 2438 o476
AO <83 65 /3 «80 95 3696 0792

32,76 31498 33411 30666 22602 150453

Contimedeees



TABLE 1 Continuedeecee

Analysis of Variance.

Source af Sum square Mean square F test
Breed (B) 1 6¢39 6e39 81,92%*
Period (P) 5 1430 0. 260 3e33%%
Ration (R) 3 253 04843 10481 **
RP 15 019 0,013 NS
BP 5 0.19 0,038 NS
RB 3 0.16 0.053 NS
RBP 15 0615 0,010 NS
Replications L 1.78
Error 188 14,60 0,078
Total 239 27429
Comparison between means,
Ration D. 05 0e 1307
D. 01 01584
Breed D. 05 0.0706
D. 01 0.0928
Period D.05 01773
D 0. 2094

01




TABLE 1,

Be TFeed consumption and live weight, averaged over five cockerels
per treatment, ;

Ration A B c D

Breed WL A0 WL A0 VL A0 WL A0
1b Feed conse 15.5 17.5 110.01-}. 17.2 17.7 1609 1407 16.3
Calorie conse. 14,625 16,536 18,665 22,352 16,725 16,025 19,107 21,105
1b Prot.conse 1661 1482 1450 1479 288 2,76 2,40 2,65
1b Prot./day ¢0328 ,0372 +0306 40366 +0588 0564 +OLS0 40541
1b initial L Wt. 5072 7e88 5450 8,04 5.7h 8436 6,04 8.38
1b fihal L Wte 5¢8L  B8e10 5466 8.6L 5,88 8.38 6,08 8,92
% chng L Wte TRl & 25 + 2091 #He5 F 2.4 % 052 0.7 6wl
Cal/1b L Wte 2,524 2,098 3,346 2,689 2,873 1,927 3,173 2,456
1b Prot/1b L Wt. e278 4230 4263  &216 495 &332 4398 4307
% cr Prote 10435 10435 16430 16430
Cal ME/1b 96 1298 946 1298
% casein 1 1 8 8
9% sugar 7 27 0 20
% sawdust 20 0 20 0

c/P 90 125 58 80




TABLE 1.

Ce Spermatozoa per ejaculate in millions, of the first and last

collections.
Factors: ration (4) x breed (2) x collection (2); 5 cockerel
replicationse
REPLICATIONS
Ration Colln. Breed 1 2 3 4 5 Sum Mean
A 1 WL 1560 3465 2365 1350 1775 10515 2103
A0 3100 4950 3500 1450 210 13210 2642
2 WL 693 1837 2871 1533 1020 7954 1591
A0 3705 2090 1250 575 350 7970 1594
B 1 WL 1755 1430 1360 2385 480 7410 1482
20 5900 2380 2380 4000 2380 17040 3408
2 WL 1930 1554 620 1141 54, 5789 1158
A0 4,560 780 600 2730 L95  91€5 1833
c 1 WL 41,0 885 1710 2170 1200 6405 1281
A0 1560 3100 2430 2800 1740 11570 2314
2 WL 18 378 1242 470 876 2984 597
AD 675 3640 315 1925 1680 8235 1647
D 1 WL 900 2380 4050 760 150 8240 1648
A0 4000 34,80 2700 490 3930 14600 2920
2 WL 992 1520 3608 92 288 7320 1464
0 3230 2160 2700 900 2600 11590 2318
Sum : 34,958 36029 33701 25591 19718
Analysis of Variance.
Source. afe SSe. MS. F _test
Breed (B) 1 16,893,977 16,893,977 12,78 **
Collection (C) 1 9,788,104 9,788,104 Toli1 **
Ration (R) 3 L, 761,768 1,588,256 N.S.
R.C 3 817,808 272,603 N.S.
B C 1 1,495,224 1,495,224 N.S.
R.B 3 3,005,808 1,001,936 N.S.
RBC 3 1,038,020 3L,6,007 N.S.
Replications L 12,486,676 3,121,669 N.S.
Errar 60 19,299,710 1,321,662
Total 79 129,590,095



TABLE 2.

Extra artificial light on semen release,

Semen volumes in millilitres summed over five males per subgroup.
Factors: 1light regimen (2) x group (2);

6 replications per treatment.

Group I IT Sum
Reps A B
1 1e 34 1018 2¢ 52
2 1645 99 2elil;
B 1607 «90 1.97
L 1639 oSk 2433
5 1645 1632 2477
6 150 1613 2,63
B A Light Treatment
7 1623 1.28 26 51 Sum A = 15,95
2 375 1613 2.88
10 1¢12 1461 273
1 « 96 113 2,09
12 1.18 1623 211
Anglysis of Variance,
Source ar Sum square Mean square I test
Light treatment 1 Oe 144 Oe14) NS
Group 1 0.109 0,109 NS
Replications 11 00422 0.038
Error 10 0,388 00039
Total 23 1,063




TABLE Comparing diluents,

Percent fertile eggs layed on 2nd to 5th day after insemination.
Factors: diluent (4) x Breed (2); 8 pullet replications.

Trte 1 2 3 L 5 6 7 8
Diluent Locke's Tyrode Milk Undiluted.
Breed WL A0 WL A0 WL A0 WL A0
1 100 100 100 0 100 67 100 75
2 75 100 67 100 100 100 75 67
3 67 100 75 100 - 100 100 100
L 100 100 33 100 100 67 100 75
5 100 100 67 100 100 100 100 67
6 100 5% 100 75 67 100 100 100
7 67 100 100 67 50 100 75 100
8 67 0 100 100 - 100 100 100
Sum 676 633 642 642 517 733 750 683
Mean 84e5 731 80e3 8063 8642 91.6 93,8 854
Fert. eggs 21 19 20 21 16 25 25 25
Total eggs 25 23 25 25 18 27 27 29
Trfd. mean 73.1 71 .9 70.6 70.6 76.0 81.2 8205 73.7

Analysis of Variance. (percentages transformed to angles).

Source. df. Sum square. Mean square. F teste
Diluent B 773 258 NS
Breed 1 23 23 NS
Interaction B 400 133 NS
Error 56 30,443 WA

Total 63 31,639




TABLE

Dilution ratese

Percent fertile eggs layed on 2nd to 8th day after insemination.

Factors: diluent (2) x dilution rate (4); 5 pullet replications.
Trte. 1 2 3 L 5 6 7 8
Diluent Milk Tyrode
Dil. rate /3 1/6 1/12 1/18 /3 /6  1/12  1/18
1 100 83 83 50 100 80 60 40
2 83 83 100 100 83 100 50 75
3 100 67 83 50 100 80 30 40
L 80 0 100 30 100 80 83 100
5 83 100 60 83 100 17 100 0
Sum L46 333 426 313 483 357 333 255
Mean 8942 6646 8542 6246 96e6 71k 6646 51,0
Fert. eggs 27 20 2, 19 28 17 17 12
Total eggs 30 29 28 30 29 25 27 25
Trfde mean 75.0 5543 724 5548 851 60.9 5649 L45.7
Analysis of Variance. (percemtages transformed to angles).
Source df. Sum square. Mean square. F test.
Dilution rate 3 4,676 Tt 2,9%
Diluent 1 59 59 NS
Interaction 3 1,136 379 NS
Errar 32 17,351 512
Total 39 23,222

Comparisons between transformed means.

D, o5

(dilution rate) 28426




TABLE 5. Dose and dilution rate combinations.

Percent fertile eggs layed on 2nd to 8th day after insemination.
Factors: male (2) x dilution rate (4); 5 pullet replications.

Trte 1 2 3 L 5 6 7 8
Male WwC A0
Dil. Rate O 1/2 1/10 1/20 0 1/2  1/10 1/2o<_ﬁ
1 100 60 0 0 100 80 0 50 |
2 100 71 0 0 100 86 17 L0
3 100 100 0 0 80 100 17 0
L 83 100 0 0 100 100 0 0
5 L0 100 0 20 100 100 0 0
Sum 423 431 0 20 480 L66 34 90
Mean 8Le6 8642 O  L4eO 9640 93.2 6.8 1840
Fert. eggs 22 25 0] 1 28 22 2 5
Total eggs 26 29 27 2l 29 2, 23 28
Trfd. mean 75.0 75.6 0 563 84,7 80.3 9.8  16.8

Analysis of Variance. (percentages transformed to angles).

Source df Sum square Mean square F test
Dilution rate 3 50,499 16,833 Elo 7%
Male 1 793 793 NS
Interaction 3 66 22 NS
Error 2 8,;21 260

Total 39 59,679

Comparisons amongsttransformed means:

(dilution rate) = 19.58
(dilution rate) = 24.48

D o5
D o1




TABLE 6. Insemination techniques and training for pulletse.

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 L 5 6

~
(00

Breed WL A0

Method Semen Water Sham Nil Semen Water Sham Nil

1 83 83 100 100 100 80 67 100

2 83 100 100 71 100 15 100 30

3 100 100 100 100 100 100 86 100

L 100 0 83 100 100 100 100 100

5 100 100 100 100 100 100 100 50

Sum L66 383 L83 L7 500 39 L53 430
Mean 9302 76.6 96.6 914-02 100.0 78 08 90.6 86.0
Fert. eggs 3 21 22 28 26 18 26 23
Total eggs 33 28 23 30 26 25 29 26

Trfde mean

Analysis of Variance. (percentages transformed to angles).

Source ar MS SS F test
Breed 1 0 0 NS
Method 3 1,522 507 NS
Interaction 3 457 146 NS
Errar 32 81,622 2,551

Total 39 83,581




TABLE /e Dose and dilution rate combinationse

Percent fertile eggs layed on 2nd to Sth day after inseminatione.
Factors: dilution rate (3) x dose inseminated (3); 8 pullet replic-

ationse.
Trt. 4 2 3 I 5 6 7 8 9
Dose (ml) 0.05 0610 0622

Dil. rate 1/3 1/6 1/10 1/3 1/6 1/10 1/3 1/6 1/10

1 83 0 20 88 LO 50 100 100 25
2 33 75 25 86 100 L3 100 100 17
3 80 100 50 100 83 0 86 67 0
L 88 67 0 100 0 0 80 86 83
5 67 1L 1L 100 50 17 100 83 L3
6 100 57 29 57 50 33 71 67 67
7 83 L0 0 100 100 67 100 0 83
8 29 100 L0 67 83 67 50 67 0
Sum 563 453 178 698 506 277 687 570 318

Mean 70k 5646 2243 87e3 6343  3keb 859 71.3 39.8
Fert.eggs 3 22 10 59 23 17 29 3 20
Total eggs 48 L5 L6 L5 3 49 33 L2 53
Trfd.mean 59.6 066 24k T75.2 551 31e9 T7he2 59.8 3542

Analysis of Variance. (transformed percentages)e

Source. dfe Sum square. Mean square. F test.
Dilution rate 2 18,822 9,411 16e69%*
Dose 2 1,776 888 NS
Interaction L 263 66 NS
Error 63 35,511 564

Total 7 56,372

Comparison between transformed means:

D

15652
19.59

«05

D o1




TABLE 8. Small dose and dilution rate combinationse.

Percent fertile eggs layed on 2nd to 9th day after insemination.
Factors: dilution rate (2) x dose inseminated (3); 8 and 16
pullet replicationse.

Dose (mle) 0.010 0,025 0.05
Dil. rate 0 1/3 0 1/3 0 1/3
1 50 100 = 86 80 100 80 100 83
2 83 100 0 10C 100 6 60 100 30
3 67 100 0 83 100 20 = = 50
I 60 100 0 100 100 86 100 100 83
5 67 67 6 100 100 86 100 100 a7
6 100 100 40 67 100 80 100 100 -
7 100 100 71 100 100 100 100 100 86
8 83 100 0 100 100 0 50 100 100
Sum 1,377 117 1,516 478 1,290 1.9
Mean 8641 1607 948 59.8 92.1 6le
Fert.eggs 72 8 9y 29 72 24
Total eggs 83 36 99 L3 78 37
Trfde mean. 751 174 83e3 52.5 81,0 55¢7

Analysis of Variance. (transformed percentages).

Source dfe Sum square. Mean square. F test.
Dilution rate 1 22,989 22,989 554 71 %*
Dose 2 4,568 2,284 5e 5l ¥k
Interaction 2 34270 1,635 3497%

Error 62 25,542 412

Comparisons between transformed means:

D, o5 (dilution rate)

Doy (" )
D, o5 (dose)

D.O1 ( " )

D.os (interaction)

D, ( t )

01

9.2

3

12.28

13¢5

2

1703
23456
28420




TABLE 9. Small dose and dilution rate combinations.

Percent fertile e§gs layed on 2nd to 8th day after insemination.

Factars: dose (3

x dilution rate (2);

10 pullet replications.

Trte 1 2 3 L 5 6
Dose (mle) 06005 0.010 0,050
Dil. rate 0 1 0 4 0 3
1 100 71 100 L3 100 100
2 100 0] 60 100 100 60
55 0] 0] 86 L3 0] 86
L 86 17 100 100 80 100
5 = 33 - 100 100 100
6 0] - 57 0] 100 100
7 0] 20 17 86 100 43
8 86 50 100 33 100 33
9 100 14 0] - 100 0]
10 83 29 67 83 0 100
Sum 555 234 587 588 780 722
Mean 61.7 26.0 65.2 6503 78.0 7202
Fert. eggs 35 13 36 3L 50 39
Total eggs 54 5 55 55 61 56
Trf'd. mean 52eL 2700 5705 57.9 6903 6405

Analysis of Variance.

Source

Dose

Dilution rate

Interaction

Blocks
Brror
Total

ar.

gl-f:\Ol\)—*f\)

Sum square.

(transformed percentagas).

Mean square TF test

75172
1,335
1,687
13,090
&0.052
63,341

Comparison between transfarmed means:

D.05 = 24,88
Dot = 3157

3,586
1,335
82,
1,45,
I

3.67*
NS
NS
NS




TABLE 10 Comparing diluents.

Percent fertile eggs layed on 2nd to 8th day after insemination.
Factor: 3 diluents; 15 pullet replications.

Diluent Tyrode Milk Buffer

1 100 67 100

2 100 29 100

3 0 7 83

b 57 5% 100

9 57 83 0

6 83 83 100

7 67 67 83

8 60 100 100

9 100 80 100

1l(e) 100 100 100

11 100 17 100

12 60 100 100

13 100 83 83

14 83 0 100

15 100 0 100

Sum 1,167 937 1,349

Mean 778 62.5 89.9

Fert. eggs 69 5 78

Total eggs 90 90 87
Trfd. mean 67.7 53.6 7941 |
4

Analysis of Variance. (transformed percentages).

Source df. Sum square Mean square F test
Between diluents 2 4,919 2,460 36 54
Error 42 29,198 695 NS
Total Ly 3L,117

Comparison between transformed means:

D.OS = 230 59




TABRLE 11, Dilution effect with small doses inseminated.

Percent fertile eggs layed on 2nd to 8th day after inseminatione
Factor: L4 dilution rates; 16 pullet replicationse

Dilution rate 0 1/2 1/3 1/l
1 50 63 43 L0
2 85 88 67 75

3 57 71 100 67

4 83 L3 29 0
5 85 25 100 50
6 88 75 14 33

7 83 63 50 0

8 100 83 63 45
9 0 80 38 67

10 86 0 50 0

11 83 63 50 63

12 83 75 L0 0
13 100 88 0 83
14 80 0 0] 43
15 100 20 85 57

16 100 60 83 57
Sum 1,263 897 812 678
Mean 7809 561 508 L4242
Fert eggs 86 6L 56 L7
Total eggs 107 111 112 112
Trfd. mean 65.8 47.0 45.5 36e7

Analysis of Variance: (transformed percentages).

Source df. Sum square Mean square F test
Between

treatments 3 7,172 25391 Lo 65%%
Blocks 7 5,574 796 NS
Error 53 274255 514
Totel 63 40,001

Comparison between transformed meanse

D 21.20

.05

D 26441

<01




TABLE 12,

Diluents and dilution rate combinationse.

Percent fertile eggs layed on 2nd to 9th day after insemination.

Factors: diluent (2) x dilution rate (2); 8 pullet replicationse
Trte 1 2 3 4
Diluent Milk Tyrode
Dil. rate 1/2 1/10 1/2 1/10
1 43 0 67 14
2 100 Vel 0] 0
3 100 50 100 29
L 100 0 100 14
5 86 63 33 86
6 88 100 L3 100
7 86 12 5 100
8 100 0 100 75
Sum 703 296 518 418
NMean 87.9 37.0 614-.8 52.3
Fert. eggs L8 21 3l 21
Total eggs 55 56 53 L9
Trfd. mean 7508 3302 5706 14.8.1
Analysis of Variance. (transformed percentages).
Source dfe Sum sguare Mean square _F test
Diluent 1 22 22 NS
Dilution rate 1 5,458 5,458 589 *
Interaction 1 2,196 2,196 NS
Blocks % SS9 820 NS
Error 21 19,461 927
Total 31 32,87

Comparison between transformed means:

D.OS

D.01

30,

22.11

58




TABLE 13 Dose by dilution rate combinations and the persistence of

fertility.
A. Percent fertile eggs layed on 2nd to /th day after insemination.

Factors: dilution rate (3) x dose inseminated (2); 10 pullet
replications.
Trte 1 2 3 4 5 6
Dose (ml) 0005 0010
Dilerate 0 1/3 1/6 0 1/3 1/6
1 100 100 83 100 80 0]
2 83 75 0 35 0 25
3 100 0 50 100 100 33
L L0 100 100 80 100 80
5 0 80 100 60 40 100
6 100 100 0 100 100 80
7 100 50 0 80 80 0
8 75 50 5 100 80 0
9 100 0 67 100 100 0
10 100 83 0 100 50 80
Sum 798 638 L33 853 730 398
Mean 79.8 63.8 14-303 8503 73.0 39.8
Fert. eggs L3 32 18 37 38 20
Total eggs 5k L9 L9 L5 53 51
Trfd. mean 70.5 5&-09 3801 7503 6301+ 31005
Analysis of Variance. (transformed percentages).
Source df'e Sum square Mean square F test
Dose 1 159 159 NS
Dilution rate 2 13,661 6,831 6o Ol **
Interaction 2 382 191 NS
Blocks 9 8yLL5 938 NS
Error 45 L) 4286
Total 59 66,933

Comparison between transformed means.

D = 24,03

3041

«05
D

«01




TABLE 1

Be Percent fertile eggs layed on 8th to 12th day after insemination.

Trt. 1 2 3 4 5 6
Dose (ml.) 0.05 0.10
Dil. rate 0 1/3 1/6 0 1/3 1/6
1 60 75 L0 100 L0 0
2 60 80 0 0 0 0
3 20 0 50 100 67 25
N 0 100 100 50 100 25
5 0 100 - 25 0 100
6 100 67 0 0 25 25
7/ 80 0] 0 0 50 0
8 50 0 0 33 50 0
9 80 0 L0 60 100 0
10 50 67 0 100 0 50
Sum 500 489 230 L68 432 225
Mean 50.0 1+Bo9 2506 24-6.8 24.3.2 22.5
Fert. eggs 23 20 10 21 16 10
Total eggs L5 L1 39 L1 L0 11
Trfde means l‘-}o 5 41, 3 2307 24—301 39.10- 2205
Analysis of Variance. (transformed percentages)e
Source df. Sum square Mean squere F test
Dose 1 38 38 NS
Dilution
rate 2 4,618 2,309 NS
Blocks 9 94011 1,001 NS
Error 46 49,426 1,074

Total 58 63,093




TABLE 14. Dilution effect on short storage.

A. Percent fertile eggs layed on 2nd to /th day after insemination.
Factors: dilution rate (2) x storage time (2); 10 pullet replic-

ationse.
Trte. 1 2 3 L
Time (mine) 20 2 1,0
Dile rate 0 3 0 %
1 100 100 60 75
2 75 60 25 100
3 100 80 100 83
L 100 100 80 60
5 100 60 17 50
6 100 67 100 -
7 100 83 100 17
8 100 100 100 0]
9 100 100 67 83
10 100 100 20 33
Sum 975 850 669 501
Mean 97-5 8500 66.9 5507
Fert. eggs 51 L 35 25
Total eggs 52 52 52 42
Trfd. mean 87.0 7346 60.9 L4845

Anelysis of Variance. (transformed percentages)e.

Source dfe Sum square Mean square F test
Storage time 1 6,201 6,201 11.81%%
Dilution rate 1 1,465 1,465 NS
Interaction 1 167 167 NS
Blocks 9 1,701 300 NS
Error 26 13,637 525

Comparisons between transfarmed means.

B e 14,93

D 20,20

<01




TABLE 1L.

B. Percent fertile eggs layed on 8th to 12th day after insemination.

Trte 1 2 3 4
Time (min. ) 20 240
Dile. rate 0] % 0] %
1 60 100 25 67
2 100 20 20 33
3 60 50 100 50
N 75 60 0] 100
9 20 L0 0] 0]
6 60 0 50 %
L. 75 75 60 0
8 80 100 80 100
9 20 75 0 80
10 75 100 25 20
Sum 625 620 360 450
Mean 62.5 62.0 36,0 5060
Fert. eggs 27 27 17 14
Total eggs 45 L. INR 33
Trfd mean 53.9 5562 33-6 45.0

Analysis of Variance. (transformed percentages).

Source df'e Sum square Mean square F test
Storage time 1 2,353 255515 NS
Dilution rate il 425 425 NS
Interaction i 201 201 NS
Blocks 9 9,341 1,038 NS
Error 26 18,536

Total 38 30,856




TABLE 1.

C. Percent fertile eggs layed daily.

Trte 1 2 3 L y
Time (mine ) 20 240
Dil. rate 0 3 0 5 Sum Mean
Day 1 90 75 L 63 272 6860
2 100 67 100 80 3,7 8668
5 100 89 56 86 331 82,8
L 100 83 63 50 296 7460
5 100 100 70 40 310 7T7e5
6 100 90 80 43 313 | 7863
7 70 60 70 57 257 6443
8 50 100 LO 20 210 52.5
9 70 55 33 50 208 52,0
10 75 50 22 56 203 50.8
11 33 20 14 0 67 1648
Sum 888 789 592 545
Mean 80.7 7107 5308 14-905
Analysis of Variance.
Source dfe Sum square Mean square F test
Treatments 3 7,173 2,391 9,06 **
Days 10 16,220 1,622 IR
Error 30 1,911 264
Total 43 31,304

Comparisons between means.

p (day)

[w)
[ )
(@]
—~\WU
y
<
g
" |

(treatment)
«05
(treatment) _
<O -

D

D

3949
L4745

1848

23e5




TABLE 15.

Dilution rate and storage of semen.

Percemt fertile eggs layed on 2nd to 8th day after insemination

Factors: storage time (3) x dilution rate (3); 6 pullet
replicationse.

Trte 1 2 5] L 5 6 7 8 9
Time (hr.) 3 6 2l
Dil.rate. 0 1/2 1/10 0 1/2 1/10 0 1/2 1/10

1 100 67 - 67 50 67 0 43 0

2 100 100 - 100 100 100 0 0 0

3 100 100 - 83 80 100 50 0 -

L 100 100 83 60 100 100 17 50 17

5 80 100 il 100 83 60 0 20 0

6 83 86 100 67 - 67 20 50 -

Sum 563 553 254 L77 413 LoL 87 163 17

Mean 93,8 92.2 847 795 82.6 82.3 14e5  27.2  Le3
Fert. eggs 30 33 15 2L 2L 25 5 10 1
Total eggs 32 36 18 30 29 b1 32 32 21
Trf'de means 81 -5 80.5 71.0 67.7 70.8 71.8 16.0 2603 6.1

Analysis of Variance.

Source

Dilution rate
Storage time
Interaction
Error

Total

af.

l\\)‘O-F‘I\)I\)

(transformed percentages).

Sum Square Mean square F test
375 188 NS
35,146 17,573 L9,6%*
914 229 NS
12,252 314

48,687

Compar ison between transformed means.

D

.05 14439

D 18.28

« 01




TABLE 16 Temperature, dilution rate and time of semen storagees

Percent fertile eggs layed on 2nd to 7th day after insemination.
Factors: storage time (2) x temperature (2¥ x dilution rate (2);
6 pullet replicationse

Trt. 1 2 3 E 5 6 7 8
Time (hr.) L 21
Temp. (°Ce ) 2 10 2 10
Dil.rate 0 % 0 i 0 3 0 1
1 0 20 50 67 0 0 0 0
2 0 0 75 5 0 0 0 0
3 0 60 100 100 0 0 0 0
il 50 0 100 100 0 0 60 0
5 L0 20 100 0 0 0 20 60
6 0 20 L0 100 0 0 L0 0
Sum 90 120 465 L2 0 0 120 60
Mean 1560 200  77¢5  73¢7 0 0 200  10.0
Fert.eses L 5 19 20 0 0 6 3
Total eggs 29 30 26 27 27 27 25 27
Trfdemean 1l+.0 21 08 69.0 6&-.2 0] 0 19.10— 805

Analysis of Variance. (transformed percentages).

Source df. Sum squere Mean square F test.
Replications 5 2,46 489 NS
Temperature (E) 1 11,772 11,772 264 395%%
Time (T) 1 14,929 14,929 33eL 733
Rate (R) 1 50 50 NS

TE 1 3,621 3,621 Be119%*
TR 1 142 142 NS

ER 1 417 L17 NS

ERT 1 2 2 NS
Error BE, 15,595 L6

Total L7 48,974

Compaerison between transformed means.

D05 (time, temp.) = 12 439
D.O1 ( " " ) = 16.56
D o5 (TE) = 2192
D, 04 (TE) = 28,67




TABLE 17 Diluents for 24 hour semen storagee

Percent fertile eggs layed on 2nd to 8th day after insemination.
Factor: L diluents; 7 pullet replications.

Diluents ant?gggggcg Buffer Milk Tyrode

1 50 83 50 0

2 75 100 50 20

3 17 33 20 0

L 33 25 0 0

5 100 75 17 0

6 33 100 0 0

7 29 67 0] 0

Sum By L83 137 20
Mean 48.1 69.0 19.6 2.9

Part_ ogoe 1R 26 8 1
Total eggs 40 37 42 3
Trfd means L6.0 6048 20.1 348

Analysis of Variance. (transformed percentages).

Source dfe Sum square Mean square F test.
Diluents 5 13,658 4,553 10, 32%*
Error 24 10,585 NN

Total 27 24,243

Comparison between transformed meanse

D.OS = 31.2

D.O1 = 390 310-




TABLE 18. Comparing diluents and dilution rates in 24 hour storage of
semene

Percent fertile eggs layed on 2nd to 8th day after insemination.
Factors: diluent (2) x dilution rate (2); 15 pullet replications.

il 1 2 3 L
Diluent Buffer Milk

Dil. rate % % % %

1 0 0 (0] 0

2 80 0 0 0

53 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]

10 0 0] 0 0]

11 0 0 20 0

12 0 0 0 0

13 67 100 20 0

() 33 25 - 0

15 0 0 0 0

Sunm 260 165 123 25
Mean 20,0 11,0 9 5 1¢7

Ferte. eggs 14 L 6 1

Total eggs 6L 2 58 75
Trfde mean 17.75 11.55 10.25 2600

Analysis of Variance. (transformed percentages)e

Source dfe Sum square Mean square F test
Diluent 1 1,035 1,035 NS
Dilution rate 1 728 728 NS
Interaction 1 14 14 NS
Error 52 20,017 385

Total 55 21,79




TABLE 19,

Effect of abundant cloacal fluid on stored spermatozoae

Percent fertile eggs layed on 2nd to 8th day after insemination.

Factor: Low and high cloacal fluid samples; 15 pullet replications.
Trt. Low High
Ol

1 0 75

2 50 L6

8 67 0

L 50 0

] 0 80

6 0] 50

i 0] 100

8 60 0]

9 50 60

10 0] 20

11 0] 474

12 80 25

13 100 100

14 60 100

15 100 20
Sum 617 693
Mean 4161 L6.2
Fert. eggs 26 27
Total eggs 62 58
Trfd. mean 3507 L2,6

Analysis of Variance.

(transformed percentages).

Source df. Sum square Mean square F test
Treatments 1 36 36L NS
Error 28 29 3391 1,049

Total 29 29,755




TABLE 20,

Spermatozoa aging in-vitro and fertility.

A, Percent fertile eggs layed on 2nd to 9th day after insemination.

Factor: age of semen (7 tests);

10 pullet replications.

Lge (min.) 30 80 135 195 255 315 375 Sum
1 0 100 100 86 71 1L 67 438
2 0 Val 71 71 86 o 67 423
3 100 67 86 83 67 - 0 L03
L L3 50 57 57 0 100 80 387
5 83 100 100 574 86 83 83 592
6 67 86 100 57 88 100 75 573
7 17 75 100 50 100 57 - 399
8 86 14 100 86 71 L3 100 500
9 - 88 100 14 - 0 100 302
10 - 100 86 0 86 50 oY 379
Sum 396 751 900 561 655 504 629
I‘JIean }-}-9.l+- 7501 L)U.U D6.l 72.? ;/C.O 69-0
Fert. eggs 21 L7 55 38 L7 37 L2
Total eggs L8 6L, 62 67 6L 59 59
Trfde mean L 3,0 6Le7 78.2 L7e¢3 553 5042 587
Analysis of Variancee (transformed percentages).
Source df. Sum square Mean square [ _test
Age 6 8,059 1,343 NS
Blocks ) 3,606 401 NS
Error L9 32,04, 654
Tetal 6L 43,709




TABLE 21, Fructose added to stored semene

A. Percent fertile eggs layed on 2nd to 12th day after insemination.
Pactar: Fructose treatments (3); 15 pullet replicationse

1 Ak 5
s +4f¥%€£g§e +2f§3£ gge g EPLRen S
1 29 60 20 109
2 L 67 40 151
3 33 Ly 33 110
4 67 50 63 180
5 38 " 33 142
6 63 38 L 145
7 0 50 0 50
8 75 0 29 104
9 0 57 38 95
10 83 86 60 229
1 30 INR 100 174
12 50 50 55 155
1) >0 n 33 63
14 0 50 0 50
15 0 L0 L0 80
Sum 51,2 707 588 1,837
Mean 36.1 14-702 39.2
Fert. eggs L5 60 L
Total eggs 128 130 120
Trfdo mean 3208 ’+1 oli- 3706

Analysis of Variance. (transformed percentages)e

Source dfe Sum square. Mean square. F test.
Treatments 2 555 278 NS
Blocks 14 8,126 580 NS
Error 28 10,185 364

Total 4, 18,866




TABLE 21,

B. Percent fertile eggs layed on 7th to 12th day after insemination.

Factor: fructose treatments (3); 15 pullet replications.
Enie % Buffer % Buffer % Buffer Blocks
+ fructose + fructose
1 0] 20 0 20
2 20 40 0 60
3 0 0 0 0
L L0 25 40 105
5 20 50 33 103
6 L0 0 0 40
7 0 33 0 33
8 50 0 0 50
9 0 50 0 50
10 67 67 33 167
1 0 20 - 20
12 17 33 40 90
13 17 O = 1.9
14 0 20 0 20
15 0 17 33 50
Sum 271 375 20) 850
Mean 18.1 2560 1446
Fert. eggs 12 17 11
Total eggs 73 71 68
Trfd. mean 18.7 26.0 1543
Analysis of Variances (transformed percentages).
Source df'e Sum square Mean square F test
Treatment 2 887 INDA NS
Blocks 14 6,966 498 NS
Error 27 1,540
Total L3 15,393




TABLE 21,

Ce Percent fertile eggs on 11 days of egg collection.
Factor: fructose treatments (3); 15 pullet replications.

Py % Buffer % Buffer % Buffer Days
+ fructose + fructose Sum Mean
1 73 75 80 228 76
2 55 70 73 198 66
g 67 73 67 207 69
L 67 78 50 195 65
5 INR 69 45 158 53
6 25 50 38 113 38
7 L3 L7 21 111 37
8 14 18 25 57 19
9 0 20 0 20 7
10 0 8 8 16 5
11 8 0 8 16 5
| Sum 396 508 415 1,519 ;
i Mean 36.0 46.2 3707

Analysis of Variance.

Source df. Sum square Mean square F test
Treatments 2 641 321 3e59%
Day 10 22,613 2,261 25.26%*
Error 20 1,790 90

Total 32 25,041

Comparison between meanse

D.05 (treatments) = 10620
D.05 (day) = 2785
D,o (day) = 3379




TABLE 21,

De. Percent fertile eggs layed on 6th to 10th day after insemination.
Factors: fructose treatments (3); 15 pullet replications.

Trte 1 2 3

% Buffer + F. 3 Buffer + F. % Buffer Sun

1 0 50 0 50

2 25 75 20 120

5 0 25 0 25

L 75 67 75 217

5 33 50 60 143

6 50 0 25 75

74 0 50 0 50

8 50 0 0 50

9 0 50 33 83

10 67 100 L0 207

1 20 50 - 70

12 %0 60 50 150

15 25 0 33 58

14 0 25 v 25

15 0] L0 25 65
Sum 385 642 361
Ferte.eggs 15 25 14
Totel eggs 59 59 54

Trfde.means 24438 38.66 2513

Analysis of Variance (transformed percentages)e

Source daf. Sum square Mean square F test
Treatment 2 1,924 962 2.54 (P 0410)
Blocks 14 10,984 785 NS

Error 27 10,246

Totel L3 23,154




TABLE 22

Male Exhaustion

Percent fertile eggs layed on 2nd to 5th day after insemination.

Factors: Male (4) x collection (4); L4 pullet replication.
Hour 1415 1509 1602 1656
Strain ML ML X0 ML ML A0
Type I II i IR T II I LT I I T II JE II I II
Male A B C D A B C D A B C D A B C D
Reps 1 0 0 100 100 100 100 100 100 75 0 100 75 100 100 50 O
2 50 50 100 100 100 67 50 75 100 100 100 75 67 67 50 100
3 100 100 50 67 75 100 B3 50 100 - 100 100 0 - 100 100
L 100 0 75 100 75 0 100 67 100 0 75 67 100 0 100 67
Sum 250 150 325 367 350 267 283 292 375 100 375 317 267 167 300 267
Mean 6245 375 81¢3 9148 87¢5 6668 70e8 7360 93¢8 3363 9348 79¢3 6648 5567 75.0 6648
Fert. eggs 5 6 1 11 12 8 9 8 12 3 13 10 8 5 8 10
Total eggs 7 13 13 12 14 1 13 12 13 8 14 13 13 8 10 14
Trfde. mean 56.3 3308 71.3 81.2 75.0 58.7 65.0 62.5 82.5 31.3 8205 66.2 5807 )4'802 67.5 58.7
Analysis of Variance. (transformed percentages).
Source daf. Sum square Mean square F test.
Replications 5 1,546 513 NS
Hour (H) 3 623 208 NS
Strain (S) 1 3,053 3,053 2.95 (P o.1o;
Type (T) 1 3,490 3,490 3.38 (P 0410
HS 3 2,843 828 NS
HT 3 1,950 650 NS
ST 1 1,718 1,718 NS
STH 3 749 250 NS
Error _45 46,5h§ 1,034
Total 63 62,157




TABLE 23.

Semen volume exhaustion.

Semen released per collection in millilitrese.

Comparisons between means,

D o5

= 1,558 (both factors)e.

Factors: collection (4) x male (4).
Hour Male Sum Mean
A B C D
1407 0.40 Oe45 0.80 0.65 2430 0.575
1456 0.35 0e 35 0.70 0.60 2.00 0.500
1556 0. 35 0.30 0.60 0.65 190 0475
1656 0630 0.20 0650 0,80 1.80 06450
Sum 140 1.30 2,60 2,70 8,00
Mean 0.350 0.325 0.650 0.675
Analysis of Variance.
Source dafe Sum square Mean square F test
Males 3 0.L4250 01417 164287 %%
Collection time 3 0.0350 0.0117 NS
Error -} 0.0785 0.,0087
Total 15 065350
TABLE 2L, Spermatozoa release exhaustion.
Estimated spermatozoa per ejaculate in millionse.
Factors: collection time (4) x male (4)e
Hour Male
A B C D Sum Mean
1407 2,192 594 4,512 1,456 8,754 2,189
1456 1,211 322 2,828 2,364 6,725 1,681
1556 1,176 138 2,196 1,729 5,239 1,310
1656 522 100 680 816 2,118 530
Sunm 5,101 1,154 10,216 6,365 22,836
Mean 1,278 289 2,554 1,591
Analysis of Variance.
Source daf. Sum square Mean square F test
Male 3 10,465,268 3,488,423 6.97*
Collection time 3 5,855,116 1,951,705 3,90%
Error e 4,503,617 500,402
Totel 115 20,824,001




TABLE 23b. Spermatozoa concentration exhaustion.

Estimated spermatozoa concentration (X 10?/ml.)

Factors: collection time (4) x males (4)e
Male

Hour A B C D Mean

1407 5.48 1632 5664 2s24 3467

1456 3ekb 092 L,04 3494 3609

1556 3436 046 3.66 2.66 254

1656 1e 74 0.50 1436 1602 1416

Mean 3.51 0980 3.68 2.14-11-

Analysis of Variance.

Source af Sum square Mean square F_test.
Males 3 20.965 6. 988 8e582%*
Hour 3 1 3. 907 ho 636 50693**
Error 2 {0329 0,814
Total 15 42,201

Comparisons between meanse.

D o5

D o1

1499 (both factors)

2469




TABLE 25.

Time of collection and semen release.

A. Semen volume in milljlitres summed over three cockerels per subgroup.

Factors: strain of fowl (3) x time of day (3); 3 day replications.
Time 0855 1335 1630
Strain WweC ML A0 WweC ML A0 L[] ML AO Sum
Day 1 1.30 065 1.60 1620 «90 1.70 065 1.25 1.70 10095
2 140 o/0 1620 40 ¢90 1655 1610 e75 145 945
3 30 ¢80 175 1620 50 1.60 85 «60 1465 9¢25
Sum 3600 2615 Le55 2680 2630 Le85 2,60 2,60 480
Mean 100 .72 1e 52 093 077 1.62 .87 .87 1.60
Analysis of Variance.
Source. ar Sum square Mean square F test
Strain 2 3621 14605 154 58 %%
Time 2 0,01 0,005 NS
DayS 2 001 8 Oo 090 NS
Interaction ST 4 0.07 0.018 NS
Errar 16 166L 06103
Total 26 5611
Comparison between means:
D.05 (strain) = 06383
D.01 = Oo 502

B. Spermatozoa concentration in 109

cells/ml., averagéd over 3 cockerels

Factors: strain (3) x time (3); 3 day replications.
Time 0855 1335 1630
Strain WwcC ML A0 wC ML B0 wC ML A0 Sum
Day 1 262 303 l&oo 5.9 1+.1+ 6.14’ SOL&— 506 5.5 l+~2.7
2 560 368 5e1 5e1 Le1 566 6e5 566 Le3 4561
3 2e4 369 Lol 469 S5elt = 5¢8 S5eli  Le5 3647
Sum 906 11.0 1305 1569 1309 1260 1707 16.6 1&-.3
Mean 362 3e7 L5 53 Lo6 660 5.9 5¢5 L8
Analysis of Variance.
Source. af Sum square Mean square F test
Time 2 13689 6e 95 12,61 %%
Strain 2 0e57 0629 NS
Interaction L 6¢30 1.58 NS
Days 2 0679 0eL40 NS
Errar 15 8420 0. 55
Total 25 29,75

Comparison between means:

D.o5 (time) = 00906.

D ., (time) = 14192




TABLE 26.

A. Semen volume in millilitres averaged over two collections per treatment.

Semen collection technigues.

Fagctors: method (2) x strain (2) x phase (2); 10 cockerel replications.
Method A B
Strain ML A0 ML A0
Phase Norme Revd. Norm. Revd. Norme Revd. Norme Revde.
RePS 1 038 0] .23 .50 .38 .83 .148 073
2 28 0 /5 «20 350 48 33 «80
3 35 0 65 o5 18 83 «68 «85
4 48 03 «60 95 40 1.28 50 55
5 45 «03 «50 «30 «63 e /0 43 35
6 35 003 55 23 35 «80 L3 /5
7 40 «03 1615 «€0 55 «90 53 1623
8 «50 «05 53 «50 o5 55 «58 « 70
9 ol3 10 63 03 ¢ 30 58 ¢ 38 1,00
10 «38 .18 o5 63 08 55 05 48
Sum I_,_.OO Oolo-5 6.0’-0» 14»039 3.62 7.50 14-089 7ol}z+
Analysis of Variance,.
Source af Sum square Mean square I' test
Method (M) 1 0692 , 0692 28,75%**
Strain (S) 1 0665 0465 20, 31 **
Phase (P) 1 0602 0602 NS
MS 1 0.28 0.28 Ba75%*%
MP 1 1,69 1.69 52681 **
SP 1 0 NS
SPM 1 Oe 14 Oe14 Lo38%*
Replications 9 0.59
Errar 63 2:01 06032
Total 79 6630
Comparison between means.
Strain, method, or phase: D 05 = 0,080
D.O1 = 90106
MP, MS D°05 =  0.150
MPS D.05 = 06251

Continuedeecececee




TABLE 26 Continuedess oo

Be Average spermatozoa concentration in 109/hl. of ten cockerels per subgroupe
Factors: method (2) x strain (2) x phase (2); 2 day replications.

Method A B
Strain ML AO ML A0
Phase N R N R N R N R
Rep 1 Le3 367 53 Le5 Le2 Le2 560 6e1
2 Le2 360 L6 363 Le1 L4a0 Le2 Le3
Sum 805 6.7 9.9 7.8 803 8.2 9.2 100)4-

Ahalysis of Variance.

Source af Sum square Mean square F test
Method émg 1 0e6L 0.6L NS
Strain (S 1 1,96 1.96 11426%
Phase (P) 1 0.49 0.49 NS
MS 1 0603 0,03 NS
MP 1 1657 1657 9,02%
SP 1 0,07 0,07 NS
SPM 1 Qe 14 Oe 14 NS
Replications 1 1696

Error € 16 22 0.17L

Total 15 8.08

Comparison between means:

0. 494
0.978

D, o5 (strain)

D, o5 (MP)




TABLE o Dupation of fertility from one insemination.

Percent flertile eggs lay daily; 15 pullets per strain, control 10
pullets, inseminated weekly.

Strain We A0 e
Day after

AT
1 0 0 0
2 82 82 71
3 100 86 80
L 100 % 82
5 93 80 83
6 100 78 100
7 89 75 67
8 82 80 7
9 92 38 100
10 68 38 100
11 58 20 100
12 10 L0 80
13 L6 18 89
14 23 0 100
15 9 13 88
16 0 0 85
17 10 0 83
18 0 0 85
19 10 0 88
20 0 0 88

Sum 999 Ll 164,

Mean 49695 3720 82,20

Correlation of daily fertility between strains

r= +06 926 **

Difference between strain fertility.

t = 3820¢




TABLE 28, Repeatability of fertility

Percent fertile eggs layed over sixteen days with two inseminations.
Factors: 6 males; 2 fertility trials of the same mated cocks and hens.

Trial 1 (SEPT.) 2 (DEC.)
Male 67 100 71
No. 78 88
83 58 Gross correlation of fertility in
50 6l two trials; r = 4+ 0.361L4%
67 63
100 9N,
80 81 ,
100 100 Analysis of Variance (transfarmed percent-
100 86 ages).
89 " Source  df. 35 kS F test
109 62 79 h - - -
6l 29 Month 1 1,406 1,406 (P 0.10)
46 36 Error 94 46,871 499
gg 58 Total 95 18,277
75 75
60 53
67 36
18% %g Average percentage fertility
L5 75 n
114 67 80 SR U e
100 100 Nale 67 8Le7 77.6
28 86 109 621 50,7
7 9 114 7249 8o
100 93 117 6560 41.9
92 23 108 0 0
100 36 30 100 100
67 50
55 93
90 100
36 100
117 L5 21
50 27
88 27
100 67
L0 L3
67 0
50 0
100 70
100 30
20 55
10 73
82 71
91 81
67 21
108 0 0
30 100 100
Sum 3,352 2,945
Mean 69.83 61435




TABLE 29. Aging and seasonal effects on semen production.

A

Semen volume in millilitres of twelve males tested November 1966
and May 1967.

Year 1966 1967
Male 1 «10 «10
2 90 « 50

3 «55 « 50 Carrelation between semen volumes

L “125 25 r = + 0.646%

5 [ ] 25 L ] 1 5
6 «55 «15
74 «15 « 20
8 [ 30 o 1 5
9 «65 25
10 45 « 20
1 «85 ¢ 30
12 « /0 /0
Sum 570 3645

Spermatozoa concentration in 109/m1.

Year 1966 1967
Male 1 L L0 6606 Carrelation between spermatozoa
2 4650 394 concentrations. )
3 6030 l+o1o r = + 00681#- By
L 5.40 5¢52
) 710 Lo48
6 L.40 2,27
7 1.80 2.48
8 4 .20 2602
9 170 180
10 3430 L.60
1 3460 3428
12 0470 0405
Sum 47,40 40,60
Mean 34950 36383




TABLE 30, Ageing effects on semen production.

A. Semen volume in millilitres, of four collections from one male within

three hourse.

Correlation of semen volumes
r = + 0.8242 (NS)

Year 1966 1967

Hour 1400 45 /0

1500 35 35

1555 « 30 50

1650 « 20 ¢ 30

Sum 1030 1.85
Mean 0. 3250 04625

Be Spermatozoa concentration in 10?/ml. of four collections from one
male within three hours,.

Year 1966 1967
Hour 1400 1632 1634 Correlation of spermatozoa
1500 92 51 concentrations.
1555 o L6 13 r =+ 0,9762%
1650 «50 <05 Significamt (P € 0,05)
decline in mean spermatozoa
Sum 3,20 2,03 concentration.
Mean 0080 0051
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 freshness of semen (2); 10 pullet replications.

Treatment 1 2 3 4
Storage (hours) 23 22

Males Ckl. Cock Ckl. Cock
Reps 1 100 L0 17 0
2 100 38 20 0

3 100 67 0 0

L 100 100 60 0

5 100 33 - 0

6 100 50 0 0

7 80 0 0 0

8 100 67 0 17

9 80 83 50 -

10 83 67 0 20

Sum 943 545 147 37
Mean 9#03 510-05 1603 )+01
Fert. eggs L7 28 8 2
Total eggs 50 55 5 5
Trfde mean 8203 }+7.8 16.3 507

mleIED‘.......



TABLE 21 COntinued,. XXX

Analysis of variancee (transformed percentages)
Source ar Sum square Mean sguare F test
Storage 1 2,652 27,652 11642%*
Males 1 5,106 5,106 2o 5™*
Interaction 1 1,344 1,304 5 7*
Replications g 4,850 539 NS
Error 25 54956 238
Total 37 42,909
Compar ison between means.
Storage and males ; D g = 10634
D.01 = 14,02
SM D.05 = 19,54
TABLE 32 Methods of detecting fertile eggse

Percent fertile e?gs layed on 2nd to 9th day after insemination.
2

Factor: methods

Method Candling Breakout
Pullet 1 100 100
2 50 33
3 50 100
N 50 100
5 67 100
6 67 100
7 100 67
8 100 100
9 100 100
10 67 67
11 100 100
12 100 100
13 100 100
14 100 100
15 100 100
16 80 100
Sum 1,331 1,467
Mean 83e2 el
Ferte. eggs 43 Ll
Total eggs 54 52

); 16 pullet replications.

No significant difference
between the methods of
detecting fertility, with
transformed datae.



TABLE 33. Accuracy of spermatozoa concentration estimates from
haemacytometer countse.

Number of spermatozoa counted in two determinations from five randomly
selected squares.

Factars: male (4) x samples from ejaculate (4); 10 determinations, each
comprising the number of spermatozoa in four sub-squares.

Male No. 58 (ML) 61 (ML) 83 (A0) 8L (40)
Sample 1 % 3 I 1 % 3 L 1 2 3 ko 1 2 3 Iy
Detn. 1 12 7 13 18 15 16 16 2, 16 23 16 16 10 17 23

v
5 L, 12 17 24, 16 22 15 27 16 33 19 20 14 12 24
L L 7 M 19 14 15 1N 21 21 23 22 17 15 14 29
9 1 7 12 16 2, 17 18 21 13 26 23 5 15 22 24
6 12 12 12 26 18 23 16 20 23 30 20 9 20 25 20
2 15 10 14 30 16 17 17 20 17 28 21 14 19 14, 22
2 16 18 11 21 18 17 15 26 16 33 18 7 15 17 18
9 12 15 10 22 28 20 43 20 2 29 20 19 18 10 29
11 10 M1 0w 32 21 28 29 34, 10 25 13 15 19 19 36
8 13 6 15 18 20 14 18 17 22 A 21 26 18 14, 22

Ow o~ FWwWN
-

-

Sum 93 109 105 131 226 190 189 190 230 175 281 193 148 163 164 247
Mean 903 10.9 10.5 13.1 2206 1900 18.9 1900 2300 17.5 28.1 19.3 110-.8 16.3 16.10- 210».7

Analysis of Variance.

Source, df  Bum square Mean square F test
Males 3 2,748 916 Te63%%
Samples (V.

males) 12 1,438 120 Seli5%*
Determinations 4, 59205 22
Total 159 75391

Comparison between sample meanse

5.46
6666

D

D'05

01




TABLE 3L,

Percent fertile eggs from 2nd to 8th day after insemination.

Factor: 10 pullet replications.

Centrifugation effects on spermatozoa function.

methods (3);

B Methods Buffer Remix Control
Rep 1 83 83 100
2 100 100 33
3 100 80 100
L 100 100 VAl
5 80 83 100
6 83 80 100
7 100 100 80
8 - 86 0
9 100 100 60
10 100 67 80
Sum 846 879 724
Mean 9)+oo 87.9 720&»
Fert. eggs 37 L5 L1
Total eggs 40 52 57
Trfd mean 8146 The1 63.0

Analysis of Variance.

Source

Method
Error

Total

(transformed percentages)

ar.

2
2

28

F test

Sum square Mean square
1,678 839
10,892 419
12,570

NS

TABLE 35.

Comparing fresh and stored Tyrode solution for dilution.

Percent fertile eggs layed on 2nd to 8th day after insemination.

Factor:

age of Tyrode (2); 10 pullet replications.

Analysis of Variance.

Starage 22 wkse 2 wkse
Rep 1 83 0
2 - 100
3 75 67
L 100 0
5 86 100
6 60 83
1 100 75
8 100 -
9 33 100
10 100 67
Sum 737 642
Mean 81.9 7163
Ferte. eggs L1 25
Total eggs 50 50
Trfd. mean 71 o1 6142
(transformed percentages)
Source 4af Bum square Mean square
Storage =7 b,lj VK]
Error 16 9,896 619
Total 17 10.33%7

NS



TABLE 36, Semen volume (1966).

Semen volume in millilitres of each experimental cockerel, averaged per month.

Month June Jul. Aug. Sepe Octe Nov.e Dece Avge. Total Col'ns.

Strain Male
WC 145 433 «58 e 36 38 LS 51 «29 06405 22,65 56
116-6 033 0245 . 27 oL? ol}<6 014-3 o 37 O. 391 21 50 55
‘“v-7 030 033 027 025 -23 o11 e12 00?08 11.65 56
18 25 39 422 425 Wbl W24 $23 04291 15,70 54
149 «20 &35 422 &18 420 14 W17 06211 11440 54
150 «60 76 L3 L7 e61 57 53 0572 25435 L
151 «30 Wbk 36 e36 W45 39 &30 06385 16455 L3
152 «15 429 18 423 439 29 33 0e275 11610 40
153 1,03 e83 o83 100 1419 1411 1,08 0,976  41.00 L2
15 o73 67 51 58 60 L1 o433 0e566 24435 L3

155 +60 61 J42 ol - - - 0.495 13485 28
156 o65 o711 59 56 73 W64 o53 0.638 26415 L1
157 o1 L9 23 W33 ¢B1 A8 W58  0l42h  17.80 L2
158 o488 W69 W50 LB 6L 61 50 04572 234,05 L1
159 &30 37 14 401 425 420 420 0,220 9.00 L1
160 oL9 74 JLE .58 480 .61 40 0.558 31,25 56
161 028 0242 .15 318 028 028 014-1 00307 16. 90 55
162 10 29 .4 e28 438 .30  «19 0254 1345 53
163 020 o34 19 18 424 ¢23 15 0.211 10,95 52
16L  o1Lk .31 418 418 .23 416 418 04197 10.8C 55

175 70 63 .38 ol 53 e53 «20 04462  43.85 30
176 <15 o422 .23 423 W35 W30 .07  0.257 7.70 30
177 75 66 461 67 65 73 43  0.637  20.45 32
178 .50 .71 51 Ll &72 62 W62  0.578  19.65 3
179 e30 38  o31 29 36 23 417 0.303 10.60 35
180 - «28 25 o 21 23 o117 13 0.224 6450 29
181 +L8 52 L1 3 ol ¢33 425 04387 13455 35
182 ol-l»o oLL9 035 ol§-1 0510- 050 053 0.M+9 11-!»080 33
183 .38 e56  «39 L6 38 .38 o33 0u424 13415 31
18 = W57 W3 W50 L5 W46 W38 0467 17.75 38

Mean o2 051 032 038 014-7 ol 035 O.411 17003 14-3
Col'ns. 68 207 230 182 201 167 207 1278

ML 165 65 olbh 27 42 o34 o33 56  0.411 1975 18
166 «25 28 417 30 o35 ¢32 o4k 0.280 11450 41
167 43 oA 15 W17  &28 412 .09 0.211 8eL5 40
168 oL3 49 29 436 &35 S4B U5 0.382 16405 L2
169 o15 63 36 o3k «28  &32 &34 04381 14010 37
170 &38 <43 o21 22 o111 18 428 04261 10695 37
171 48 58 ¢35  ol1 L9 W37 43 0429 15,45 36
172 o48 40 030 W45 oSL 57  «59  0.425 20440 L8
173 o350 W49 32 o35 W50  o58  o53  0ek36 1745 40
17 @30 o428 19 18 .30 22 .21  0.224 7 «85 35

Mean o1 010-3 026 032 ° 35 035 039 O. 3“{- 114-019 41
Col'ns. 22 91 110 78 41 530) L0 409

Continuedececsce




TABLE }6 Continuedececoces

Col'ns.

Month June Jul. Auge Sepe Octe Nove, Dece Avge. Total
Strain Male
AO 185 091 1.08 078 .80 1.08 098 085 0.9210- 11—0065 uf-
186 66 <82 L9 49 69 43 .53 0.588 25685 L
187 <91 o7l o137 e98  «91 1400 0.832 43,25 52
188 1621 1e33 1607 1elh 1e43 1624 1605 1168 5255 45
189 oS54  o67 L7 €7 o76 69 82 0.641 28.20 L
190 o455  o72 o585  obL 478 .62 e55 0,630 27.70 L)
191 1,08 1,09 74 o771 1638 1617 1ol 14063 Ll 65 L2
192 61 84 .58 o723 93 81 ¢85 0.757 31680 42
193 «53 o599 <49 61 79 59 53 0595 25460 43
194 68 68 .51 65 71 55 4O 0,594 24495 L2
195 1.06 94 81 ¢95 1e17 98 1635 0,955 L7.75 50
196 8C .92 o79 83 1.06 1410 eI  0.926 37,05 40
197 o1 62 U1 L6 o371 32 e36 06399 16475 L2
198 o66 692 70 62 81 79 <70  0.755 31470 42
199 470 92 .53 .63 o 70 o 61 65 06663 26650 ING)
200 49 L78 L2 58 L8 ol 5 0s096 20635 L1
201 .93 1436 88 <91 84 77 ¢85 06920 36.80 L0
202 o6L4  L60 oSl «53 69 73  e59  0.617 26455 43
203 +55 &6L  J34 459 6L WL ¢33 0498 19,90 40
204 415 &36 « 38 «30 10 L18 21 0e.24 106,00 N
Mean 073 82 063 071 089 076 .77 0.713 30.93 10-3
Col'nse 80 138 188 95 160 122 76 861
Aggregate
Mean 51 060 W42 010-7 ° 57 050 01&8 Oe 501 2119 L2
Col'ns. 170 L36 528 355  LO02 319 321 2548




TABLE 37 Estimates of spermatozoa concentration.

Haemacytometer counts in 109 spermatozoa/ml. ; percemt packed cell
volumes in centrifluged semen ; and subjective opacity scores of
fresh semen.

Detns Count % PCV Count Score
1 0e5 2.7 348 9
2 1.0 3.0 262 5
3 1.0 363 267 6
L 1¢3 Le9 15 5
8 1ol ) 17 7
6 1.9 L7 19 8
7 1.6 6e1 262 7
8 22 Goli 2¢5 7
9 2e4 862 2.6 8

10 37 8¢5 Le?2 8
11 246 8e7 260 6
12 214 8¢9 365 7
13 366 8.9 3ok 8
14 Sevl 960 267 L
15 360 91 o) 8
16 3¢5 S e 7
17 249 9.9 27 6
18 a2 )5 5¢6 8
19 3ol 1060 368 9
20 368 1062 346 6
21 360 1063 9 1
22 LeO 1063 2.6 [/
23 3.8 1069 9 1
24 L.6 g (O 2.6 7
25 Lelp 11¢5 o1 1
26 566 1167 2¢5 8
27 6e3 1262 3¢5 8
28 Leb 1263 2e¢3 7
29 5¢5 1245 Sel® g
30 Le7 1247 2L 7
31 52 1366 1e¢1 3
32 Selt 1348 1okt 2
31+ 1+01 1)4—07 2.5 8
35 L0 1449 ol 5
36 L6 9
B 245 5
38 eni2 6
59 360 10
L0 265 8
4 363 9
L2 Lel 9
43 3,0 8
tlg 363 8

363 9
L6 5e2 10

Contimuedeeceecces




TABLE EZ Continuedeceocosce

Detnse. Count % PCV Count Score
47 162 L
L8 o2 £
L9 Lol 8
50 2.9 9
5 247 8
52 5e1 10
Sum 12064 33209 143-# 555
MNean 3.1#4 9.51 2076 6083
b = 1989 % PCV per 109 spe/mle b = 1514 pnits scare
per 107sp./mle
t = 11.43** t = 8,907%*
Confidence limits (P« 0.01) Confidence limits (P¢ 0e01)
165132 & B & 2.46L6 5 PCV . 1.0589< B = 1,9695 units

score




TABLE 38, Relationship between semen release and collection characteristics.

Semen volume in millilitres; semen opacity score; stimulation grade
and 1libido; of ten WC yearling cocks undergoing daily semen collection
for two weeks.

Detn. Volume Score Stimul'ne Libido |Detn. Volume Score Stimul'ne Libido
1 30 10 1 1 o «05 7 2 3
2 40 8 1 2 45 «15 10 1 3
3 20 8 2 2 L6 «35 L 1 3
L «05 8 2 3 L7 25 7 1 >
5 20 10 2 4 48 «20 8 2 L
6 «80 4 1 3 49 «15 U 2 3
il 40 8 2 3 50 10 10 1 3
8 « 30 10 2 4 51 35 L 1 3
9 20 7 2 3 52 «60 7 1 3

10 15 11 1 L 53 «15 6 1 L
11 « 30 9 1 1 5L «15 7 1 2
12 40 8 1 2 55 «15 9 1 3
13 e15 8 1 L 56 «30 6 1 5
14 15 7 2 L 57 70 8 1 3
15 15 9 2 4 58 «10 9 2 4
16 40 2 1 3 59 «10 9 2 3
17 20 L 1 2 60 e15 1 1 IN
18 20 9 1 5 61 «20 10 1 2
19 15 10 1 3 62 45 9 1 3
20 15 1 1 3 63 «15 S 2 4
21 30 5 1 1 64 «15 7 1 L
22 40 8 1 1 65 «20 9 1 L
23 «05 9 2 3 66 «20 9 1 1
24 20 7 1 B 67 «20 8 1 3
25 10 9 1 I 68 « 20 8 1 L
26 o4O 3 1 3 69 25 8 2 3
27 40 5] 2 B 70. «20 8 1 L
28 10 6 2 L 7 ¢ 30 1 1 2
29 20 6 2 2 72 ¢35 10 1 3
30 15 9 1 3 73 « 20 9 1 L
51 o4O 5 1 3 s 40 6 1 L
32 o410 9 1 3 75 «05 9 1 L
33 15 9 1 4 76 «20 9 1 1
3L 10 8 1 2 a4 «30 9 1 2
35 20 10 1 N 78 «10 10 1 I
36 «30 3 1 3 79 30 0 1 3
7/ 35 7 1 B 80 e15 10 1 4
38 15 8 2 IN 81 « 20 10 1 2
39 10 9 2 3 82 « 30 9 1 2
L0 15 10 1 1 83 «05 8 1 IN
L1 o4O 4 1 3 8L «15 9 2 3
L2 20 8 1 B 85 « 20 §_ 1 L
43 o 5 8 2 l\\‘ Mean ° 21+ 70 97 1e 27 3. 05
Correlations. Vol x Score = =0 3714 **
Vol x Stimul'n = =06 3065%*
Vol x Libido = -06 2631

Stim x Libido +002140
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Diluent Composition.

-per litre H

LAKE'S: 19.20 gm
1.28 gm
5.13 gm
0.676 gm
10,00 gm

(FPD = -0.59°C)

2>

monohydrous sodium glutamate,
monohydrous potassium citrate.
sodium acetate.
magnesium chloride.6H
fructose.

2O.

LOCKE'S: 9.20 gm sodium chloride.
. O.42 gm potassium chloride.
0.12 gm calcium chloride.
0.15 gm sodium bicarbonate.
1.00 gm glucose.
(FPD = -0,64°C ; pH = 8.2)
* * *
TYRODE: 8.00 gm sodium chloride.
0.20 gm anhydrous calcium chloride.
0.20 gm potassaum chloride.
1.00 gm sodium bicarbonate.
0.10 gm magnesium chloride.
0.05 gm NaH, PO, .
(FPD = -0.65°C)
* * *
SODIUM-PHOSPHATE BUFFER:
16.34 gm Na HPO, .
5.16 gm NaH, PO, . H20 .
(FPD = -0.607 to -0.639°C ; pH = 7.2)
* * *
MILK: =
(FPD = -0,547C ; pH = 6.6)
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EXPERIMENT 1 - RATION ANALYSIS.

I BASAL: 55%  wheatmeal

12.5% barleymeal

11.5% wheat pollard

8%  bran

5%  lucerne

4L,5% oyster shell

1.5% buttermilk powder

0.5% salt

1.5% stone grit

0.6 oz per 1001b selenium premix
2.0 o0z per 1001b Trelcovite
10.0 mg per 18 vitamin E
20.0 mg per 1lb MnSO

Santoquin (antioxidant)

(Cc/P =78 ; 13.1% crude protein ; 1150 Cal ME/1b )

II AMINO ACID ANALYSIS:

Acid 72% Basal 100% Casein 8% Casein 1% Casein
Arginine 0.58% 3.40% 0.85% 0.62%
Cystine 0.12 0,30 0.20 0.18
Glycine 0.56 1.50 0.68 0.57
Histidine 0,22 2.50 o.k2 0.24
Isoleucine 0.43 5.70 0.89 0.48
Leucine 0.71 8.60 1.40 0.79
Lysine 0.39 7 .00 0.95 0.46
Methionine 0.14 2.70 0.36 0.16
Phenylalanine 0.49 L,60 0.86 0.53
Threonine 0.31 3,80 0.61 0.36
Tryptophan  0.16 1.00 0.2k 0.17
Tyrosine 0.30 4,70 0.68 0.34
Valine 0.47 6.80 1.01 0.54

III RATION COMPOSITION:

Treatment A; 1% casein
7% sugar

20% sawdust
72% basal

Treatment Bj; 1% casein
27% sugar
72% basal

Treatment C; 8% casein

20% sawdust
72% basal




RATION COMPOSITION Continuedescess

Treatment D; 8% casein
20% sugar

72% basal

IV CONSTITUENT ANALYSIS:

(per pound)

Wheat 14.0% crude protein 1380 Calories ME
Barley 10.5% 1 1240 i
Pollard 16.,0% " 1060 "
Bran 25.0% i 920 "
Lucerne 14,5% e 500 i
Buttermilk 33,0/ " 1340 g
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