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Labe~ling spermatozoa would be a valuable asset in 

studying competitive sperm transport between two individuals 

within a single female. One twenti~th mg of fluorescein iso-

thiocyanate (F.I.T.C.) per 2.00 x 109 sperm cells proved to 

be effective in irreversibly marking spermatozoa. 

It has been reported that the utero-vaginal (UV) 

junction serves as a sperm barrier and sperm storage area 

within the female tract. Birds inseminated following the 

surgical removal of this tissue and birds inseminated past 

this area showed high fertility accompanied by a long dura-

tion. Hens inseminated with semen incubated with UV homo-

genate had lower fertility and duration. 

Dl comparing low (RIR) and moderate (Sc.wL) fertility 

birds 1 more sperm reached the UV junction from the SCWL birds 

than from the RIR when equal numbers of each were inseminated 

in a single female. These SCWL birds consistently sired more 

offspring when in competition with the RIR birds. 

Rooster sperm reached the UV junction prior ta turkey 

sperm following heterospermic inaeminations of the two species. 
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1. Dn'RODUCTION 

OVer the past few years, experiments have been 

desiqned to determine whether the female possesses any 

selective meChanism in determining which sperm will ascend 

the oviduct and participate in fertilization. It has been 

observed that followinq mixed inseminations, one male can 

be muCh more successful in the number of proqeny it pro-

duces than another. In this competitive fertilization, 

the questionthat is beinq asked is whether the female 

determines the offsprinq ratio or whether the nature of 

the sperm is responsible. 

Tbe ability te mark sperm would be a valuable asset 

in the study of sperm transport and steraqe. With the 

identification of sperm from one individual or species, 

sperm selectivity or competition between two individuals 

or species within a sinqle female cou Id be determined. 

After sperm recovery, one could determine whether 

the ratio of offsprinq corresponded to the number of sperm 

cells from each male recovered at the site of fertilization. 

Possibly a more qualified assessment could then be made as 

to which member of the pair (i.e., the female or the male) 

is reaponsible for any discrepandes in the ratio of 
1 
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t offsprinq. 

The female tract does limit the number of sperm 

that can possibly reach the site of fertilization. In 

mammals, the cervix, utero-tubal junction and isthmus are 

barriers. In the avian species it is the utero-vaqinal 

junction and perhaps the utero-isthmal junction. 

Amanq the questions which have not been answered 

but which would help ta clarify the function of the ov i-

duct are: 

1) the role of the utero-vaqinal junction in sperm 

transport and fertility; 

2) the role of the utero-vaqinal junction in the 

quality of offsprinq produced: 

3) whether there is some mechanism selectinq intra-

species sperm movinq ta the site of fertilization (or 

sperm from closely related males): and, 

4) whether the utero-vaqinal junction enhancEll in 

~ sperm viability? 

The work ta be reported here will have bearinq on 

these pointa. 



, 
2. LITERATURE REVIEW 

2.1. In Vivo Sperm Transport 
·and storage in the Bird 

Early workers found that chiCkens cou1d produce 

fertile eggs up to 20 days after separation from the male 

(crew, 1926). However, this abi1ity is IlOt unique to 

birds. Certain bats can store sperm for five months 

(Wimsatt, 1944), dwarf Cbame10ns for six months (Atsatt, 

1953), the green ano1e for at 1east seven months (FOX, 

1963), soma viviporous fish for one year (Hartman, 1939), 

the colIIIDOn turtle for four years (EWing, 1943 ) , the snake 

for six years (Baines, 1940), and the queen bee for seven 

years (Bishop, 1920). 

IVanov (1924, cited by Van Drimmelen, 1946) be-

lieved that the sperm ascenci the tract and enter bath the 

ripe and unripe fol1ic1es. Spermicida1 agents placed in 

the fema1e tract did IlOt prevent the long duration of 

fertility (IVanov, 1924, cited by Van Drimmelen, 1946 : 

Walton and Whetham, 1933): thus it vas theorized that the 

sperm vere not stored in the lumen of the tract. Walton 

and Whetham (1933) did express the idea that sperm stor-

age al.ght be aCCOlÇ1ished in the fo1ds of the oviduct. 
3 



1 2.1.1. The Rale of the Infundibulum 
and tJtero-vaginal junction 

4 

Van Dr:immelen (1946) reported observing n spermnests" 

in the infundibular region of the Chicken tract which oould 

acoount for the long duration of fertility. These nests 

were located in sballow crypts in the caudal portion of 

the Chalaziferous region. The passage of the egg down the 

oviduct oould cause the expulsion of these sperm which are 

then available to fertilize the oocyte. Attempts to find 

sperm nests in the turkey' s infundibular region bave 

failed (Verma and Cherma, 1964) • 

Sperm tubules in muCh greater numbers have been 

reported in the utero-vaginal (UV) junction areas of both 

Chickens (Fujii and Tamura, 1963: Bobr.!S al., 1964a: 

Takeda, 1967) and turkeys (Verma and Cherms, 1964). Sperm 

bave been found to be deeply embedded among the microvi11i 

at the d:l.stal end of the tubule (Van Krey ~ al., 1967). 

The relative siqnificanoe of the two storage areas 

bas net been determiDed. The UV junctioD, besides storing 

spe~, acts as a 1imiting agent to sperm ascending the 

tract. Gertner (1963) reported on the structure of the 

sphincter area in the 9OOse. Grigg and Ska1ler (1958) 

po.tulateeS tbat -an exaqcJeration of the restrictive fune-

tion of the uteJ:O-va9iDa~ junction- can cause inferti1ity. 
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They reported that three hens which were sterile by oon-

ventional A.l. showed 90% fertility following intra-

peritoneal inseminations. 

Dead sperm inseminated directly into the uterus 

would reach the infundibulum at the same rate and in the 

same number as would live. The limiting capabilities of 

this junction were readily demonstrated: ... 003-.03% of the 

sperm reached the infundibular region following intra

vaginal inseminations and .68-1.3% following intra-uterine 

inseminations (calculated from the work of Allen and Grigg, 

1957). 

Schindler ~ al. (1967) found that the infundibular 

glands are capable of maintaining viable sperm at least 

equal to the length of time observed in the UV glands. 

Inseminations past the UV junction result in a higher 

fertility acoompanied by a longer fertile period (Takeda, 

1966: Van Krey ~ .!.l., 1966). Intra-uterine inseminations 

from low fecundity oocks result in moderate fertility 

(Oqasawara ~ .!l., 1966). POllowing these inseminations, 

nearly all the stored sperm are located in the infundibular 

region vith little or no sperm in the UV tubules (Takeda, 

1966: Van Krey et Al., 1966). UOWever, vith deep insemi

nationa, usinq bath 10w (Oqasawara ~ ~., 1966) and high 



fecundity males (Van Krey .!Œ al., 1966), there is an in

crease in the incidence of pre-ovipositiona1 embryonic 

morta1ity. 

2.1.2. Sperm Re1ease and Transport 

6 

It was found that dead sperm and charcoa1 powder 

reach the infundibulum as quick1y as live sperm fo11owing 

intra-uterine inseminations (Mimura, 1939: Saeki et al., 

1964). Mimura (1941) claimed that the ci1iary movement 

within the tract cou1d IlOt account for the sperm transport, 

as Parker (1931) had so strong1y suggested, and postu1ated 

oviduct moti1ity as the major contributing factor. 

In a study of tract moti1ity, Chen and Dawes (1970) 

found the infundibulum to maintain the highest activity 

vith a steady dec1ine towards the vaginal end. They found 

that the UV area has the lowest contracti1ity index and 

therefore 8Uggested that it might act as il barrier to 

sperm movement from the vagina to the uterus. 

Mimura (1939,1941) reported rapid transport of 

_perm post-oviposition, observing sperm at the site of 

ferti1ization 26 minutes after intra-vagina1 inseminations. 

Saeki et~. (1963) found 1abe11ed sperm 16 minutes post

intra-vagiDa1 inaemination, whereas Donovan .!Œ al. (1969b) 

reported that .perm travel1ed the length of the oviduct 



7 , 
in 5-15 minutes, with peak numbers in the infundibulum at 

60 minutes and an increase at the UV junction between 5-

180 minutes. 

An egg in the upper part of the oviduct hinders 

sperm transport in chickens (Mimura, 1939: Bobr et al., 

1964b)and in turkeys (Howarth, 1971). Bobr et al. (1964b) 

suggested that the albumen does not allow the sperm to 

pass. A bard shelled egg has no effect on sperm trans-

port (Mimura, 1939), although workers bave reported de-

creased fertility when inseminations are perfor.med using 

females with hard-shelled uterine eggs (Moore a~ Byerly, 

1942: Parker, 1945). 

Sperm release from the UV area was believed trig-

gered by oviposition for it was at this time that most 

of the sperm were found in the lumen of the oviduct 

(Mimura, 1939: Bobr.!!..!l., 1964b). The sperm would then 

ascend the tract, and fertilize the oocyte or be stored 

in the infundibular reqion (Takeda, 1967). Secretory 

granules have been aS80ciated with the UV glands (Gilbert 

~ al., 1968a) and they may be instrumental in causing 

sperm DIOvement into the lumen. 

On the other band, workers have indicated that 

.perm can be releaaed vithout ovipo.ition and ovulation 

(Burke .!!1 al., 1969) aM that .perm are con.tantly present 



in the tract during the fertile period (Burke and Oqasa

vara, 1969). 

2.2. Sperm Transport in Other Species 

It is genera11y agreed that sperm transport in 

mamma1s is a1so due to tract contractions as suggested by 

Heape (1898). 

The rate of movement for sperm ta reach the ovi

duct post-insemination bas been ca1cu1ated as two minutes 

in the rat (B1andau and Money, 1944) and cow (VanDemark 

and Moe11er, 1951), eight minutes in-the ewe (Mattner and 

Braden, 1963), fifteen minutes in the mouse (LeWis and 

Wright, 1935), and thirty minutes in the hamster (Chang 

and Sheaffar, 1957) and human (RLlbenstein ~ .!.l., 1951). 

When a sufficient volume (at 1east 20 cc) of semen 

is inseminated in sows, the number of sperm reaching the 

oviduct is direct1y re1ated ta the concentration of sperm 

in the saman (Baker, 1965). Pitkjanen (1958) reported 

that semen reachecl the sow· s oviduct in an average of 

14.7 minutes after natura1 double mating, 17.1 minutes 

after single mating, 41.6 minutes after artificia1 in

semination, 14.9 minutes in sovs mated natur&lly at the 

beqinning of oestrus, 11.0 minutes when mated 24 heurs 

after the onaet of oestrus, and in 21.6 minutes vhen 

8 
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t 
mated 48 hours after oestrus. 

First ~ Al. (1968) found that 60% of spermatozoa 

inseminated in a sow was not reooverab1e from the uterus 

in 15 minutes, and th~t 75% was not reooverab1e after two 

hours. Riqby (1966) observed that the number of sperm in 

the oviduct increases unti1 12 hours after insemination, 

after which the tubaI population is direct1y related to 

the number of spermatozoa at the utero-tuba1 junction. He 

recovered few sperm from the sow's oviduct ki11ed six 

hours post-insemination but the number of sperm increased 

to 10,000, 12-24 hours post-insemination. However, in 

First's experiment, the number of spermatozoa in the ovi-

duct remained una1tered from 1/4 to 24 hours after insem-

ination. 

Of the sperm remaininq after the initial loss, the 

majority persist in a reservoir at the utero-tubal junc-

tion. In sows which were inseminated 24 hours after the 

ons et of oestrus, this reservoir remained relative1y 

unchanqed for 24 hours and then qradual1y disappeared 

over the next 48 bours (Rigby, 1966 ) . 

It is unknown whether there is a selective mech-

anism determininq the number of sperm entering the ovi-

duct. First (1968) reported that dead sperm will aa.::end 

the tract in the sow as readi1y as live sperm and that 
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there was no siqnificant difference in the number of sperm 

recovered from the oviduct of the two types. However, ear

lier reports in sheep (Mattner, 1963b) have indicated that 

live sperm will enter the oviducts more readily than will 

dead. 

Mattner (1963a) observed that in ewes, cows, and goats, 

the cervix serves as a reservoir for sperme There is a rapid 

movement of sperm up the tract in the first 15 minutes (this 

is due to uterine contraction) whiCh is followed by a pro

longed migration. Large numbers of spermatozoa remain in 

strands of mucus located between the microvilli and in the 

tubular or simple saccula cervi~l glands 16-25 hours after 

mating. 

Mattner and Braden (1966) found that the path taken 

by the" sperm is towards the wall of the cervix. Dead sperm

atozoa, however, were recovered only in the central area of 

the lumen of the cervix and none passed through the cervical 

mucus to the cervical mucosa. They also found that the 

utero-tubal junction prevents rapid passage of sperm into 

the fallopian tubes after recovering only 3,600-14,000 sperm 

from the oviducts of ewes killed 15 minutes - 24 hours post

inaemination. This lad Mattner (1963b) to suggest that the 

cervix, utero-tubal junction, and the IDOtility of the sperm

atozoa themaelvea, are all responaible for the maintenance 
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of a oontinuous progression of spermatozoa from the reser-

voir (cervix) to the site of fertilization. 

In the rabbit, it is also Che cervix and the utero-

tubal junction that are responsib1e for a reduction in sperm 

nwnber. Braden (1953) ca1culated that 2.5% of sperm cells 

cross the cervix: .625% that reach the utero-tuba1 junction 

enter the oviduct, and 25% of these qet to the ampulla. 

That is, .004% (1 out of 25,600) sperm inseminated reach the 

site of ferti1ization. 

2.3. The Environment of the Female 
Tract and Sperm Viability 

The mammalian sperm cell undergoes capacitation be-

fore it can ferti1ize the oocyte (Chang, 1951: Austin, 1951). 

During this process, a substance, de capa citation factor (DF), 

is removed from the sperm he ad increasing the membrane's 

permeabi1ity (Duke1ow and Williams, 1967: Dukelow ~ al., 

1967a) • 

Bedford (1969) observed that sperm require five ta 

six hours exposure ta fluid from the uterus and oviduct 

before they can fertilize the eqg in rabbits. E1even hours 

is needed in either the uterus or oviduct a10ne and 15 ta 

16 hours in the uterus if the uterus is separated fram the 

oviduct at the utero-tubal junction. Evidence indicates 
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that capacitation relies mainly on secretions from the ovi

duct and minimizes the effect of the uterus. Once capa cita

tion bas occurred, the oviduct fluid is actually hostile 

toward sperm viability (Dukelow ~ al., 1967b). 

OViduct secretions qreatly enhance respiration of 

mammalian sperm as reported in the ewe (Restall and Wales, 

1966: Black ~ ~., 1968: Iritani et ~., 1969), rabbit 

(Hamner and Williams, 1963: Iritani et al., 1969), and boar 

(Schul II et .!!., 1966). Dukelow and Williams (1967) post-

ulated that the increased metabolic rate decreases sperm 

survival time. It appears, therefore, that the tract limdts 

the life span of the sperm throuqh its post-capacitation 

effect and its causation of increased sperm metabolism. 

In birds, however, some mechanism was developed for 

maintaininq the fertilizinq capabilities of the stored 

sperm. It bas been suqqested that the rooster' s sperm do 

not under90 capa citation (but if it does, a very short tilDe 

is required). Inseminations at approximately the time of 

ovulation has resulted in the first eq9 oviposited beinq 

fertile (Olsen and Nehrer, 1948). Bowarth (1970) accom

plished in vitro fertilization within 15 minutes, and 

the author indicated that the hen' s reproductive tract 

is not needed for the JDaturinq of sperm and fertilization. 

Dukelov ~.!.!. (1967a) failed to observe DP activity in 
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rooster seminal plasma postulating that there is no capaei

tation sinee DP is present in animals demonstrating capaei

tation. 

HOWever, as is the case with the female mammal, the 

bird's reproductive tract does inere~se the metabolie rate 

of spermatozoa. Hamner and Williams (1963) found a twofold 

inerease in oxygen uptake of spe~ incubated in the hen's 

oviduct. Albumen added to fowl spe~ inereased the respira

tion rate (SChindler and Lehrer, 1969). Magnum (Ogasawara 

and Lorenz, 1964: Van KreY!Œ A!., 1970), and uterus homo

genates (Lehrer and SChindler, 1969) both augmented spe~ 

respiration, although Lehrer and SChindler (1969) reported 

that appreeiable amounts of albumen are needed along with 

the magnum. 

Of major interest are the two storage areas. Inter

estingly, both the infundibulum (Ogasawara and Lorenz, 1964) 

and the UV junction (Van Krey ~A!., 1970) greatly increased 

spe~ respiration. In fact, SChindler and Hurwitz (1966) 

reported that the UV junction, uterus, isthmus, and magnum 

are all capable of maintaining spe~ motility in ~ for 

four hours but only the lower part of the isthmus and magnum 

could maintain it for 24 hours. 

It ia ta he noted that at 410C, the Chicken' s body 

temperature, aperm are rendered immobile (Munro, 1938: 
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Nevo and Schindler, 1968). One would then be inclined to 

theorize that under normal physiological conditions, sperm 

respire very little once stored in the chicken tract. How-

ever, Schindler and Lehrer (1969) reported no difference in 

the respiration. rate of fowl sperm when measured at 370 or 

4loc. It should be pointed out that homogenates from the 

uv junction, uterus, magnum, and infundibulum pro long the 

duration of motility and fertility of sperm (Lehrer and 

Schindler, 1969)~ However, these sperm suspensions were 

sampled and tested only four hours after collection which 

is not a long enough period to explain the long duration of 

fertility. Certainly one would think that there is some 

mechanism, as yet unidentified, acting in conjunction with 

the body temperature to not only inhibit moti1ity but also 

decrease respiration and thus preserve 'the viability of the 

sperme 

2.4. Fertilizinq Abi1ity of 
Foreign Spermatozoa 

Sperm from one species can be transported to the site 

of ferti1ization in another (Bowe and Black, 1963: C09qins 

and Baker, 1968). 

Althouqh one species may show a certain level of fer-

tility when inseminated vith foreiqn sperm, this c10es not 
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indicate how the reciproca1 mating will result. Fertility 

following the inseminations of goat with ram semen is quite 

commen, whereas the reeiprocal cross is usually unsueeess

ful (Bowerman and Hancock, 1963). In observing sperm trans

port in these two species, Hancock and McGovern (1968) found 

that sperm reached the Fa110pian tubes in bath ewes mated 

with goats and goats mated with ewes. They conc1uded, there

fore, that low ferti1ity cannot be exp1ained by poor sperm 

transport. 

A number of workers have studied the ro1e of capaci

tation in the b10cking meChanism of inter-species hybridi

zation. Duke10w and Chernoff (1969) have reported that 

human and rhesus sperm can be at 1east partia11y capaeitated 

in the rat, mouse, hamster, guinea pig, and rabbit uterus. 

Bedford and Shalkovsky (1967) indicated that capa citation 

of rabbit sperm can be initiated in the cat, rat, quinea pig, 

and ferret uterus. They postulated that capacitation in

volves two phases. The first phase is neither species nor 

organ specifie. The second is 1imited to the female tract 

and is species specifie. 

BallllD()nd and Wa1ton (1929) fai1ed ta produce any off

spring when domestic rabbits vere inseminated vith hare 

epididyma1 sperme '!'his c:annot be exp1ained by the inabi1ity 

of ferti1ization, for AdaJu (1957) reported 97.7" of the 
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ova from a domestic rabbit (Orycto1agus cunicu1us) were fer-

ti1e fo11owing inseminations with bare (Lepus europaeus) 

sperm and Chang et!!. (1964) found 96% ferti1ity using 

snowshoe hare. Apparent1y, the 1ate morula or ear1y b1ast-

ocyst stage fai1s to deve10p (Adams, 1957) fo11owed by a 

degeneration of the fertile ova (Chang ~~., 1964). 

Chang (1965) reported that ferret ova ferti1ized by 

mink sperm died about 22 days post-ferti1ization. This, he 

suggested, is about the time of Changeover from the embryonic 

to the feta1 stage. It appears then tbat many hybrid fai1-

ures occur due to some obstacle just after ferti1ization. 

High ferti1ity can be obtained if the two different 

species are c1ose1y rs1ated: in crosses of distant1y re1ated 

species, ferti1ity is rare. 009gins and Baker (1968) found 

that ram, boar, and human sperm wou1d attach to but not 

penetrate rabbit ova. 

Barly workers reported avian hybrids: Ainsworth-Davis 

(1913) observed pheasant-fow1 hybrids and Brentana (1914) 

peacock-guinea fow1 hybrids. Ainsworth-Davis (1913) noted 

that most hybrid individua1s die at an ear1y age. 

Warren and Scott (1935) reported finding fertile 

turkey-chicken hybrid eggs but conc1uded that it was di ffi-

cult to hatch these egqs. Quinn ~.!l. (1937) reported 20% 

ferti1ity vhen croS8ing chicken males vith turkey fema1es. 
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Of the fertile eggs, 75% died the first day and all but one 

died by day 6 of incubation. When crossing turkey males and 

RIR females, 0.76% (5 out of 656 eggs) were fertile. Of 

this total, 80% (4 embryos) died on the first day and all had 

died by the third day. Olsen (1960) hatched 4 of 23 fertile 

eggs from turkey females which had been inseminated with 

chicken semene 

When inseminating .:Japanese quail with rooster semen, 

fertility was 7.8% of total eggs incubated: 0.4% hatched, 

while 6.0% died within the first 10 days and 1.4% died within 

the next 10 days (Wiloox and Clark, 1961). 

Asmundson and Lorenz (1957) found reciprocal crosses' 

of turkeys and pheasant did not differ oonsistently and 

averaged 37%. HOWever, they did ~ind higher fertility from 

chicken males to pheasant females than the reciprocal. 

OOntrary to the low fertility and hatchability usu

ally reported in hybrid crosses, Watanabe and Ashida (1964) 

reported 100% fertility and hatchability of six eggs follow

ing the matinçr of a Korean Ringneck pheasant male to a 

Single COmb White Leghorn chicken. 

From Stek1enev' s (1966) work, it is to be pointed out 

tbat the general tendency for low ferti1ity cannot be attri

buted to the failure of sperm storage. Be found that domestic 

ooc:k sperm vere atored 10 days in the reproductive tract of 
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guinea hens, 21 days in domestic hens, 25 days in pheasants, 

and 60 days in turkeys. Turkey sperm can remain 25 days in 

guinea hens and 35 days in domestic hens. There is no men

tion of t~e viability of these sperme 

Fertility can be improved with deep inseminations of 

foreign sperme Kempenich-Pinto ~!!. (1970) found an in

crease in fertility in hens inseminated wi~ turkey semen 

following intra-vaginal or intra-uterine inseminations vs 

conventional intra-vaginal inseminations. In the former 

hens, the sperm were stored almost exclusively in the in

fundubular glands with few sperm in the utero-vaginal region 

(Schindler ~ A!., 1970). Six days after intrèt. -vaginal 

inseminations, few turkey sperm could be found: however, 

after deep inseminations, a large number were found but many 

had disintegrated. These workers concluded that the viabi

lit y of the foreign sperm is a factor in the poor fertility 

and that the site of insemination can aneviate some of the 

problems. 

The poor fertility from inter-species inseminations 

might be due to SOlDe barrier confronting the transport of 

the foreign sperme Another possibility is that a greater 

number of sperm is required than generally needed for intra

spacies inseminations. 
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2.5. COmpetitive Fertilization 

Heterospermic inseminations using mixed semen from 

more tban one sire of the same species often results in un

equal number of progeny from the respective sires. This 

phenomenon occurs although the number of sperm of each sire 

is maintained equal and has been reported in the mouse 

(Edwards, 1955), rabbit (Beatty, 1~60i Napier, 1961), pig 

(Mellish, 1969), and cow (Beatty ~ .!l., 1969). 

Similar male superiority bas been demonstrated in the 

fowli however, the results are sometimes inconsistent. Dunn 

(1927) found that ~9 males closely related to the insemi

nated female produced a higher number of progeny when mixed 

with non-related males. Of 207 fertile eggs laid by single 

comb White Leghorn females, 97.6% were fertilized by their 

single comb sibs (rr), and the rest by rose comb Bamburg 

males (RR). In a smaller trial, 67% of 37 eggs were sired 

by the Hammrg males. The authors used natural mating and 

thus sperm numbers were DOt taken into account. These re

sults IIlÏght be explained by crawford and Merritt (1963) and 

Buckland and Hawes (1968) who have shawn that rose comb (RR) 

males are approximately 30% poorer in fertility than single 

comb (rr) sibs. 

Bhatnaqar (1963) reported when cocks of t:wo breeds 
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were alternated, there was some indication of selective fer

tilization favouring the sperm from the male of the same 

breed as the female. Williams and McGibbon (1956) found 

that certain males tended to·demonstrate a longer fertile 

period when mated to females of another inbred line than 

when mated to their OWO. other workers did not find any 

affinity of sperm by the ova of the female of the same breed 

(Allen and Champion, 1955). 

Atkinson ~A!. (1966) reported that Beltville Small 

White (BSW) turkeys sired 75% of the poults following heter

ospermic inseminations with Broad Breasted Bronze (BBB) males 

when BSW females were used. The BBB males did, however, give 

13% better hatChability. 

Buckland and Hawes (1968) reported a deficiency of 

pea (PP), rose (RR) and walnut (RRPP) comb offspring follow

ing heterospermic inseminations using semen from males of 

the above three genotypes mixed with semen from single (rr) 

comb males. They postu1ated that these differences were due 

to dip10id gene action rather than hap10id gene action of 

the sperme Buck1and ~ al. (1969) has since reported a de

ficiency of fumerase in the sperm of the rose comb oocks and 

this enzyme was found to he oorrelated with ferti1ity. 

Warren and Kilpatrick (1929) observed that rep1acing 
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the male in a Chicken flock will result with the new male 

sirinq most of the Chicks within three to five da ys with 

practically no overlap. They suqqested that the sperm 108e 

their tail in the female tracts and therefore the new sperm 

have an advantaqe. FUjii and Tamura (1963) also report 

viewinq tailless sperm in the storaqe tubules. 

Payne and Kahrs (1961) reported bath a lack of and 

considerable overlap when fresh turkey sperm replaced the 

old male. The n~ sperm in competition with the stale sperm 

sired 71% of the poults the second day after insemination. 

The sperm tubules in the UV junction fill with sperm 

startinq with the most caudal ones (Verma and Cherma, 1965). 

The evacua tion of the sperm is in the same order and thus 

the new sperm will be released first • 

. Allen and Champion (1955) suqqested that selectivity 

miqht be based on the hiqh deqree of motility and a low in

cidence of abnormal sperme A correlation was found between 

fertility and per cent dead sperm, motility, live density, 

and sperm respiration and no correlation vith pH, density of 

all sperm, and volume of ejaculate (COOper and RoWel1, 1958). 

McOaniel and craiq (1962) reported a correlation between 

fertility and motility. They concluded that the appearanoe 

of the sperm is IlOt associated vith fertility. Baone (1968) 

found that fertility vas correlatecl vith per cent motile 
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sperm, concentration and sperm vigor and not correlated with 

volume or number of sperm. In a second trial he found no 

correlation with fertility and any of ·the five variables. 

2.6. Methods of Labelling Spermatozoa 

2.6.1. Radio-active Labelling 

Workers have used bath in vivo and in vitro labelling 

to study the physiology and anatomy of sperm. Radio-active 

studies have been used widely to follow spermatogenesis. 

Subcutaneous injections of p32 phosphate (Takeda ~ Al., 

1968: Hupp ~ al., 1961), adenine-8-c14 (Sirlin and Edwards, 

1958: Foote and ROe foed-Johnson, 1959: Edwards and Sirlin, 

1956) and thymidine-H3 (Amann ~ Al., 1965) have proven 

successful in determining the rate of spermatid maturation. 

Radio-active male pronucleii were recovered in female mice 

38 days after radio-active injections of the male, demon

strating that labelled sperm are capable of fertilization 

(Edwards and Sirlin, 1956). .!!! vitro uptake of pl2 by bull 

sperm has been reported by Bishop and Weinstock (1948) 

and Takeda ~ al. (1968). 

Donovan ~ al. (1969a) reported that cock sperm 

and seminal plasma incorporates pl2 into deoxyribonucleic 

acid in ~ and .!!! vitro. IDrenz ~ al. (1950) 
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injected labelled Na2HP04 subcutaneously in cocks and then 

determined p32 activity in the plasma, seminal fluid, and 

washed sperme ..!!! vitro studies using pl2 labelled sperm to 

determine the rate and number of sperm transported in the 

domestic chicken have been used (Allen and Grigg, 1957: 

Saeki ~ .!l., 1964: Donovan et .!l., 1969b). 

Howarth (1971 ) labelled turkey sperm with 65zn and 

calculated the amount of radio-activity in various segments 

of the turkey oviduct using a whole body counter. 

2.6.2. Uses of FluoroChromes 

.Bsia ~.!!. (1969) has reported a surface active label 

in rabbits whiCh can intercalate between lipid bilayers or 

lipoprotein fractions of plasma membranes. A less involved 

method of labelling has proven to be fluoroChrome staining. 

Van Demark ~!!. (1959) tested 14 fluorescent dyes 

for observing bovine sperm in opaque media. They concluded 

that coriphosphin gave best results and enChrysin 2, acridine 

orange, and akridingelb rated highly. The dyes were judged 

on fluorescence intensity when viewed under ultraviolet 

light. Their effect on sperm motility and rate WëlS also 

taken into consideration. 

These workers found no reduction in motility or rate 

of bull .perm wben ac:ridiDe orange vas used. BaWever, Van 
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Duijn (1960) reported this dye did bave an adverse effect 

on sperm viability. Be noted that the acridine orange label-

led the bull sperm head holDOCJenously and could therefore be 

useful in determininq biometrical data of the external he ad 

shape and its area. COntrary to these findings, other 

workers have reported that acridine orange causes mammalian 

sperm to fluoresce brightly but the acrosome can be differ-

entiated du& to a different staininq color under ultraviolet 

liqht (Bishop and Smiles, 1957: Bishop and Smiles, 1963). 

Tetracycline BCI (T-BC1) binds to mammalian sperm 

causinq the sperm to fluoresce distinctly under ultraviolet 

light. capacitation causes the removal of the T-HCl and 

therefore one can show whether sperm bas undergone this pro-

cess by checking the sperm by fluorescence microscopy (Lau-

derdale and Ericsson, 1970). 

Fluorescene is used mainly to label proteins (COOns 

~ .!.!., 1942). Riqgs ~.!.!. (1958) prepared fluorescene 

isothiocyana te (F. 1. T. C.) in a stable powder form. This 

fluorochrome bas been used successfully.!!l vitro in marking 

boar sperm and studyinq .perm transport in the pig' s repro-

ductive tract (Mellish, 1969: Baker and Degen, 1971). Mell-

ish (1969) found F.I.T.C. to bave no effect on the fertili-

zing ability of the sperm nor on the sperm' s motility or 

rate. Be did report that the sperm ceased movement the 
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instant they were struCk by the ultraviolet liqht. 



3. SPECIFIC STATEMENT OF PROBLEM 

·Various workers have proposed that one of the major 

functions of the female's reproductive tract is to limit the 

number of sperm reaChinq the site of fertilization~ In the 

Chicken, the structures reported as sperm barriers are the 

utero-vaqinal and possibly the utero-isthmal junctions. 

One of these, the utero-vaqinal junction, bas been found to 

serve as a sperm storaqe area as well. 

This work was conducted to: 

1) obtain a suitable irreversible sperm marker to 

study sperm cell transport throuqhout the oviduct: 

2) study the role of the utero-vaqinal junction in 

sperm transport and storaqe by observinq (a) the fertility 

in birds followinq the surqical removal of this tissue, and 

(b) the effect on fertility from mixinq sperm with UV junc

tion tissue homoqenates: and 

3) study sperm selectivity of the utero-vaqinal 

junction in relation to inter- and intra-species insemina

tions. 
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4. MATERIALS AND METHODS 

4.1. Experimental Birds and 
Management practices 

The males used in the various exper~ents were Rhode 

Island Rads (RIR), Single Comb White Leghorns (SCWL) and 

crosses between the two (RIR x San,). The females were RIR, 

SœL, RIR x SOiL, Mutant Marker l (MMI), and S. C. Brown 

Leghorns (SCBrL). There were 24 males 'in each qroup at the 

start of the ex.periments1 4 SCWL and,l RIR x SCWL died dur-

ing the trials. 

The SCBrL, RIR and Sc.wL have been maintained at Mac-

donald College as closed unselected pedigreed populations 

for S, 8 and 12 generations, respectively. The RIR x SCWL 

were produced from the random mating of RIR males and SCWL 

females. The MMI is a synthetic line produced at Macdonald 

COllege in 1963 and maintained by mating females of this 

line to SCBrL males. 

All birds vere reared with sexes intermingled in con-

ventional litter floor pens from hatching to 20 weeks of 

age. They were housed in individual cages at 20-22 weeks of 

age and subjected to 16 hours of artificial light. This was 

increased to 19 bours at 40 weeks of age and 20 hours at 52 
27 
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weeks. The birds received oonventional commercial ration 

for their appropriate age and this ration along with water 

were provided ad lib. 

Day-old English Ringneck pheasants and William's 

mini-white turkeys were purChased from a commercial hatchery 

(used in Section 4.5.5.).' The pheasants were managed in a 

manner similar to the Chickens. Male and female turkeys 

were reared together in conventional floor pens until matur-

ity. The males were then removed to individual pens4 and 

the females remained together. 

All birds used were in their first year of production 

or just reaChing sexual maturity. 

4.2. Insemination Procedures 
and Handling of Eggs 

Semen was oollected using the abdominal massage tech-

nique described by Burrows and Quinn (1935,1937). The males 

were ejaculated twice weekly throughout the experimental 

period to maintain a good qua lit y and quantity of semene 

Intra-vaginal inseminations were carried out accord-

ing to the procedure of Quinn and Burraws (1936) usinq 0.05 

ml of pooled semene In certain experiments this method was 

modified: these modifications vill be described in the 

appropriate section. All insem;nations vere performed in 



the afternoon sinee workers have shawn that the highest 

fertility is obtainable at that time (Parker, 1945). 
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Eggs were oollected daily for days 2-21 post-insemi

nation, dated and marked by individual cage numbers. They 

were stored at 4.4oc for 4-7 days before being incubated 

in a model 2520 Jamesway Incubator. The incubator was man

aged aeoording ta the reoommendations of the manufacturer. 

AlI eggs were candled and elassified as fertile, non

fertile, . or dead embryos after 5-7 days' of incubation. The 

eggs oontaining live embryos were returned to the incubator 

and later transferred to a hatching incubator at day 17 of 

incubation. The fertility percentage was based on the num

ber of fertile eggs (ineludes dead embryos) relative ta 

the total number of eggs laid from days 2-15. Ta determine 

the duration of fertility, aIl eggs were incubated and 

candled for 21 days. Only eggs from chickens laying at 

least 289gB in the first 7 daYB and 4 in the l4-day total 

were oonsidered for statistical analysis. 

The turkey females were kept in a floor pen and eggs 

oould net be individually identified. Identical storage 

and incubation procedures were used with these eggs allow

ing for the additional week of incubation required for 

turkey 89gs. 



.... 4.3. Trials Involvinq the 
Markinq of Spermatozoa 

4.3.1. FluoroChromes 
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This trial was conducted ta determine whether fluoro-

chromes could stain Chicken sperme stock solutions (0.1%) 
1 

of fluorescein isothiocyanate (F.l.T.C.),acridine orange, 

and tetracycline hydroChloride (T-~Cl) were prepared in wil-

cox diluent (Wilcox, 1958). Various levels of the result-

ing solutions were chosen .for testing and added to the semene 

EaCh mixture was stirred gently on a magnet.ic stirrer. The 

samples were Checked periodically under an ultraviolet (UV) 

microscope for sperm fluorescence intensity. A reflected 

light microscope (400x) equipped with a mercury vapour lamp, 

exciter filter BGl2 and barrier filter·53 and 44 was used. 

4.3.2. Stained Spermatazoa in the 
Chicken' s Reproductive Tract 

The effect of various sections of the Chicken' s re-

productive tract on the stained sperm was tested. F. 1. T. C. 

or acridine orange was added ta the semen and stirred until 

the sperm fluoresced brightly and distinctly. The semen 

was then spun at 400 Re P.M., the seminal plasma aspirated 

off, and the sperm re-suspended vith Wilcox diluent to 

restore the original volume in eaCh sample. In some cases, 



interference was present from excess dye in the seminal 

plasma which obscured the cells. In such instances, the 

sample was re-spun and the procedure repeated. 
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Tbree birds were inseminated intravaginally with 

acridine orange stained sperm and three with F.I.T.C. stained 

sperm and treated as described above. Hens (RIR x SCWL) 

were then anesthetized with an i.v. injection of pentobar

bitol sodium. The bird was placed on a dorsal recumbency, 

feathers were removed from the abdominal area, and this reg

ion was swabbed with 75% alcohol. An incision was made just 

posterior to the rib cage and to the left of the mid-line. 

A body retractor was placed into the incision and the entire 

reproductive tract was exposed a section at a time. Six 

areas of the tract vere isolated with » catgut: the infun

dibulum, magnum, isthmus, uterus, UV junction, and vagina. 

Three hours later, the birds were killed, their reproductive 

tracts removed and each of the six sections was removed and 

placed in a separate evaporating dish. T-HCI was eliminated 

as a sperm Marker. Rea80ns for this will be found in the re

sults section. Each tract section was flushed into the dish 

using Wilcox diluent and the contents of the dish were trans

ferred to 50 ml centrifuge tubes. These tubes were centrifuged 

at 1500 R.P.M. for 30 minutes (International Centrifuge, Uni

versal Model UV), the supernatant aspirated off and the 



residue examined for sperme The sperm were checked for 

motility and fluorescence. 

4.3.3. The Effect of F.I.T.C. 
on Fertility 

To observe the"effect of F.I.T.C. on fertility, 3 
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trials were performed. Three levels of F.I.T.C. were tested; 

.1 mg, .05 mg, and .025 mg per ml Qf semen (2.0 x 109 sperm 

cells). In the third trial .05 mg and .025 mg were tested. 

One-tenth ml of the dissolved dye was added to each sample 

which was then stirred gently. In addition to the stained 

sperm, 3 controls were used: 

1. an ~iate control inseminated immediately after 

semen collection; 

2. a control in which the semen was kept for the 15-

minute staining period at room temperature: and 

3. a control which was kept for the staining time and 

was stirred as well. 

In the first and second trials, the semen samples were 

divided into 6 equal aliquots and in the third 5 aliquots 

were used. 

4.3.4. Attempts to Identify Sperm on the 
Mucosal Surface of the Female Tract 

F.I.T.C. stained spermatozoa vere placed directly on 
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different parts of an excised lonqitudinally eut ChiCken 

reproductive tract. Various sections were then placed on a 

thin transparent plastic and the samples were viewed under 

uv liqht. The liqht source was directed both from under-

neath and over the sample in an attempt to identify the 

sperme Phase contrast microscopy was used as weIl in an 

effort to locate these sperme 

TC determine if sperm could retain their fluorescence 

followinq histoloqical treatment: F.I.T.C. stained sperm 

were dehydrated in ethyl alcohol and cleared in toluene. 

4.3.5. Mixed Inter-Specifie Inseminations 
usinq P. I. T. C. stained Sperm 

Semen was collected from RIR males and RIR x SCWL 

crosses. Half of eaCh of the samples was stained with .05 

mq per 2 x 109 sperm cells per ml for 15 minutes. EaCh of 
. 

the samples was spun, and the sperm resuspended to the ori-

qinal volumes as in Section 4.3.2. One-twentieth ml of 

RIR stained Semen and • 05 ml of RIR x SœL unstained semen 

were inseminated within a sinqle hen independently so as 

IlOt to contaminate the unstained sample. The reciprocal 

cross was then carried out. COntrols usinq stained and un-

stained RIR sperm vi th in the aame female and stained and 

unstained RIR x SCWL crosses vithin the same females vere 
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similarly performed. The vaqina, UV junction and infundu-

bulum were then removed as described previously. 

The recovery of the sperm was as follows. 111e lumen 

of the tissue was filled with Wilcox diluent until extended. 

It was then massaqed qently to force sperm into the lumen. 

The catqut at one end was eut and the contents were trans-

ferred to an evaporatinq dish. The tissue was then eut 

lonqitudinally and stretched by finqertip manipulation. 

Wiloox diluent, by means of pressure from a syrinqe and 

needle,was used to rinse the tissue. The tissue was then 

scraped qently against the side of the dish in an attempt 

to force out additional sperme The recovery of these sperm 

was similar to the method described earlier. 

Th~ recovered sperm were viewed under white liqht 

microscope. These same sperm were immediately checked under 

uv liqht to determine the number of fluorescinq sperme The 

percentaqe of stained sperm was then calculated. 

4.3.6. Inter-Specifie Inseminations 
and COmpetition 

Sperm transport competition usinq turkeys vs RIR x 

SCWL and pheasants vs RIR x SOfL insemina ted into SCWL 

females vere tested. Numbers of sperm were kept equal and 

the procedure of DLixing and staining the sperm vas similar 
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to the method described earlier. Bowever, due to a short-

age of pheasant semen, no mixed pheasant and RIR x SCWL mix-

tures were used. 

In a further study, the turkey and pheasant semen 

was inseminated into Sc.wL females from which the UV junction 

had been surgically removed to test the function of the 

sphincter aS,a barrier to foreiqn sperme ~tact females 

were used as controls. Inseminations were also made to 

determine the fertility of turkey x turkey matings. 

4.4. The Effect of the utero-vaqinal 
JUnction on Fertili ty 

4.4. 1. The Removal of the UV JUnction 

Trial l 

°TWelve mature Fl Rhode Island Red (RIR) x White Leg-

horn (WL) females (which were selected on the basis of a 

high ra te of lay) were used for this work. The birds were 

anesthetized with an i.v. injection of 1.8 mg and an i.m. 

injection of 1.3 mg of pentobarbital sodium per 100 qm body 

weight. 

The bird was then placed on a dorsal recumbency. 

Fea thers vere removed from the abdominal area and the exposed 

surface vas swabbed vith 75" aloohol. An incision (about 6 

aD long) vas made sliqhtly to the left of and parallel to 
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the midline commencing just ventral to the vent. A body 

retractor was placed in the incision, and the uterus, UV 

junction and vagina were exposed. Fat and connective tissue 

were carefully pried away to allow for easier accessibility 

to this area. The vaqina was then severed just posterior 

to the UV junction followed by the severinq of the uterus 

just anterior to the junction. Bath the vaqina and uterus 

were qrossly examined to determine that aIl UV tissue was 

removed. This was followed by an end-to-end anastomosis 

of the vaqina and uterus usinq Blue Braided Dacron Poly

ester Fiber 6-0, TE-3/8 with a circle taper needle (Davis 

and GeCk). The suturinq was initiated on the dorsal side 

and worked laterally towards the riqht until about half 

the suturinq was complete. New suturinq was then started 

adjacent ta the first knot on the dorsal side and worked 

laterally towards the left until it reaChed the point where 

the first suturinq stapped. oontinuous stitChes were used. 

aefore suturing of the muscle and skin layers, antibiotic 

powder (Ayerst) was dusted in the incision. Following sur

qery, eaCh bird received an injection of 5 mg of diethyl 

stilbestrol (DES). Recovery was complete, in each case, 

the day of the operation. 

To maintain proper oviduct function, the birds vere 

given an i.m. injection of 5 mg of DES twice veekly for 



37 

three weeks. With eaCh injection, the bird's vaqina was 

inverted and any disinteqratinq ova found in the uterus were 

removed manually. As weIl, suturinq material from a number 

of birds was removed at this time. 

Trial II 

Essentially the same procedure was followed with 9 

pure-line SCWL females just prior ~o sexual maturity. HoW

ever, 9 mm wound clips (Clay-Adams) were used on the skin 

layer of these birds: the clips beinq removed 4 days post

surqery. 

Trial III 

Experiment III was conducted usinq 30 pure-line SCWL 

females just prior to sexual maturity. Followinq the oper

ation, the birds were injected with 5 mq of DES twice weekly 

for two weeks. Eiqht birds were re-operated for the removal 

of a bard-shelled eqq from either the uterus or abdominal 

cavity. 

Birds were maintained in individual caqes and supplied 

with commercial layinq ration and water ad lib. 

Followinq the resumption of lay, the birds were insem

inated with males of proven fertility (RIR x SCWL). AlI 

birds in these trials vere subsequently killed and the tracts 

examined for UV tissue. 80th qross examination and 
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histoloqical studies were employed. The histoloqical pro-

cedure on the tissue surroundinq the operated ·area was as 

follows: (1) fixed in Bouin' s solution, (2) dehydra.ted in 

ethyl alcohol, (3) cleared in toluene, and (4) embedded in 

paraffin wax. 

The material was then sectioned at 7 microns, dehy-

drated, stained with hematoxylin, counterstained with eosin 

y (.1%) and cleared throuqh xylene. 

4.4.2. The Effect of the UV Junction 
Bomoqenate on Pertility 

The effect on fertility of semen incubated with UV 

junction homoqenate for various lengths of time was tested. 

Mature SCWL females were killed and the UV junction was ra-

moved usinq a fine pair of iris scissors. The tissue vas 

weiqhed and diluted 1:2 with wilcox diluent. The mixture 

vas then finely qround by means of a homoqeniser (Virtis 

"23 Il ) • 'l'he homoqenate was added to RIR x SCWL semen in a 

ratio of 1:2. A second sample of homoqenate vas centri-

fuqed, the supernatant removed and added to whole semen in 

the same ratio (1:2). Similarly, Wilcox diluent was added 

to a third sample. TWo controls vere used and thus there 

vere 5 &amples in total. Four of these (all but one control) 

vere incubated in a temperature requlated vater-bath shaker 
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(Eberbach COrp.). The· samples were shaken gently at 4lo C 

for selected lengths of time as described below. The second 

control was maintained at room temperature for the same dur

ation as the first four samples were incubated. 

The females inseminated, RIR x SCWL and SœL, were 

mated at random. In order to equalize the number of sperm 

cells per insemination, .067 ml of the diluted samples, and 

• OS ml of the undiluted samples .~ere inseminated in each 

female. 

pive separate trials were conducted. In trials l, 2 

and 3, the incubation time was 60, 90 and 30 minutes, re

spectively. In 1 and 2, no supernatant was used with the 

semen and in trial 3, the UV homoqenate was omitted. In 

trial 4: 0, 60 and 90 mdnutes and in trialS: 0, 30 and 60 

minutes of incubation were tested. 

pertility per cent and du rat ion of fertility were 

calculated in each trial. 

4.4.3. cannulation of the Uterus 

This experiment was initiated to inseminate birds so 

that the sperm would avoid the UV junction. 

Method l 

The cannula used vas made of polyvinyl chloride 

(DuraI Plastics) with an O.D. of 2.5 mm, an I.D. of 1.5 mm 
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and a length of about 15 cm. Blue Braided Dacron Polyester 

Piber 6-0 suturing material with a 3/8 circle taper needle 

(Davis and Geck) was att~ched to one of the ends of the 

cannula. 

The uterus was exposed as in section 4.4.1. A small 

hole was made in the posterior section of the uterus by 

blunt dissection. The circle needle Was passed into the 

lumen of the uterus through this opening, and manipulated 

gently using a hemostat to a point about 2 cm anterior to 

where it entered. The needle was then drawn through the 

uterine wall, the cannula eased into the uterus and posi

tioned against the inner wall of the anterior end. The 

suturing mate rial attached to the leading end of the can

nula was drawn through the needle incision and used to 

stitch the cannula securely to the anterior wall. The can

nula was then flushed with Wilcox diluent to assure an easy 

flow of liquide The trailing end that was to remain outside 

the body was closed by heating to prevent contamination of 

the tract from the exterior. suturing of the muscle and 

skin was completed about this end of the cannula which was 

secured to the skin surface to prevent the bird from pecking 

it. 

Method II 

The cannula used vas the SaJD8 as in method l, except 
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one end had a round flat polyvinyl eirele about double the 

outside diameter of the cannula about it (it was held to

gether by the melting of the two) and the other end was 

bevelled to a sharp point (See Figure 8). 

The uterus was exposed as in section 4.4.1. A hollow 

tube, slightly larger in diameter than the çannula, and slit 

longi tudinally, was inserted into the vagina. This tube 

was manipulated by means of both hands, i. e., one from the 

vaginal side and one probing within the body cavity, until 

it passed the UV junction and was seen to reach the uterus. 

The cannula, bevelled end first, was inserted into the tube 

and gently foreed out through the uterine wall and into the 

body cavity. The hollow tube was removed by sliding the 

cannula through the longitudinal slit. This was required 

sinee the round knob on the end of the cannula would not 

allow it to pass through the tube. The cannula was then 

pulled through the small openinq in the uterus until halted 

by the knob. No suturing was necessary here sinee the 

cannula was secured by the polyv inyl eirele. The remainder 

of the procedure was similar to Method 1. 

Only one bird in Method 1 andfive in Method II (all 

were SCWL) were operated. HOwever, it vas hOped that this 

technique could be used sueeessfully in further studies as 

will be deacribed. 
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These birds were inseminated via injecting semen 

through the cannula with the resumption of egg laying. Fer

tility per cent and durat;on of fertility were determined. 

4.5. COmpetition Between Avian Ma'les 

4.5.1. Semen COmparison 

Semen was collected twice w~ekly from RIR, WL, and 

RIR x SCWL males starting November 4, 1970 and continued 

until mid-May, 1971. Measurements were taken in semen vol

ume and sperm cell number (by hemacytometer, American opti

cal CO.). Motility, rate, and abnormal sperm were noted 

subjectively. 

There are a number of reasons the comparisons between 

the RIR and SCWL males were carried out. Firstly, it had 

been observed in past years in our laboratory and confirmed 

by experiments in August and September of 1970 that the RIR 

males had a low average fertility (Appendix Table I). In 

this sense, they should be ideal when in oomparison to 

another breed in determininq competitive or selective fer

tilization. As well, the SCWL carry dominant white (II) 

while the RIR are homozyqous for the recessive allele for 

full color (ii). Thus, followinq heterospermic insemina

tions into a homozygous recessive female (ii), the offspring 
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from the two types of sires can be readily identified. 

4.5.2. Heterospermic Inseminations 

Four trials involving heterospermic inseminations 

from RIR (ii) and SCWL (II) males inseminated into MMI (ii) 

females were conducted. TWo groups of females were insemi

nated with either RIR or SCWL semen and a third group was 

inseminated with a mixture of equal numbers of sperm from 

the two breeds. In total, 127 birds and 1141 eggs were used 

in the experiment. 

Four additional trials were carried out using the 

female sibs of the RIR males. In trials l, 2 and 3, the 

females were divided into four groups at random. One was 

inseminated with RIR semen, a second with SCWL semen, a 

third with equal numbers of sperm cells from each male and 

a fourth with twice as many sperm cells from the RIR males 

as from the SCWL males. In the fourth trial, five groups 

of females were used: in addition to the RIR and SCWL 

single inseminations, 2.5:1, 3:1 and 4:1 ratios of sperm 

cells in favour of the RIR were tested. One hundred and 

fifty-six females were inseminated from which 1451 eggs 

were incubated. 

To establish the effect of inseminating females of 

the same strain, done in the previous set of experiments, 
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the trials vere conducted using SCWL females. S~ilar com

binations of inseminations vere repeated as in the first 

set of experiments. RIR x SCWL males vere used as a control 

for they vere known to be of high fertility. Here, 63 hens 

vere inseminated and 643 eggs vere used. 

A final trial vas conducted to determine the ferti

lit y of the three groups of males in high f~rtility females 

(RIR x SCWL). The purpose of these trials was to use a 

type of female related equally to the two male lines. The 

trials vere iden~ical to the above vith 72 females insemi

nated and 663 eggs incubated. 

In the last two sets of experiments, the offspring 

could not be accurately identified and therefore only 

fertility per cent vas noted. In all other trials, the 

percentage of sired chicks from each breed of males was 

determined • 

The actual number of spermatozoa transported from 

RIR and SCWL males was determ'f,ned vithin RIR x Sc:.wL females, 

as described in section 4.3.5. Any differences in number of 

sperm cells might indicate discrepancies in the ratios of 

sired chicks. Five sections of the tract (vagina, UV junc

tion, uterus, magnum, and infundibulum) vere checked for 

sperme Approximately 2 cm of the middle of the maqnum vas 

used. Three females vere inseminated in each treatment for 
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a total of 27. AlI inseminations were done in the morning 

after an oviposition since Mimura (1939) and Bobr ~ al. 

(1964b )indicated that there is best sperm transport at this 

time. The birds were killed and scored for sperm number 

30, 60, and 90 minutes post-insemination. The time required 

for the flushing of the different areas of the tract from 

death was 20-25 minutes per bird. 

4.5.3. Inseminations Anterior to 
the UV JUnction 

In an attempt to inseminate past the UV junction and 

perhaps change the ratio of offspring produced, two methods 

were utilized: (1) cannulation of 12 MMI females as de-

scribed in Method l, section 4.4.3: and (2) by injecting 

semen into the magnum of 27 MMI after surgically exposing 

this tissue as described in section 4.3.2. The semen oom-

binations inseminated in bath groups were identical to the 

inseminations used in the intact females. 

4.5.4. Fresh vs Aged Spermatozoa 

-RIR females were divided inta two grcups: one being 

inseminated vith RIR semen and the other vith SaiL. Four 

days later, the group inseminated vith RIR semen vas re-

inseminated vith SCWL, and the reciprocal vas carried out 
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in the second group. The experiments were conducted to see 

if the fresh sperm has an advantage and to determine the 

time required before the new males can fertile the oocyte. 

4.6. Scorinq of Sperm Numbers 
and Statistical Analyses 

The number of drops in the test tube following cen-

trifugation and aspiration of the tissue flushing was estab-

lished by suctioning up the residue in a Pasteur Pipet and 

releasing it drop by drop (about 10 for the vagine and 2-4 

for the other part of the tract). The residue was weIl mixed 

and one drop was placed on a microscope slide, and a cover-

slip on top of it. At 320x, each coverslip had approximately 

104 columns. By counting a number of these at random (about 

3 in the vagina, 10 in the UV junction, and 20-30 in the 

other parts) one can estimate the number of sperm recovered 

by the fol1owing formula: 

No. sperm observed x ____ ....0:1:.,:0::.;;4=--___ _ 
no. of rows counted 

x no. of drops 

In sections 4.3.5. and 4.5.2., the Chi-square test 

for heterogeneity (Snedecor, 1961) was used to determine if 

the ratio of sperm recovered or chicks from heterospermic 

inseminations deviated from the expected. Three methods 

were used to ca1cu1ate the expected number of chicks: 

1) baaed on the number of sperm from each group of 
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males, i. e., if equal numbem of sperm were pooled from each, 

there should be a 1:1 ratio of offspringi 

2} based on per cent fertility, i.e., there should 

be equal number of progeny per group if the per cent ferti

lit Y of the two groups is equal and the number of sperm is 

in a 1:1 ratio. If RIR and SOWL males are used (sperm in 

equal numbers) then the expected number of white chiCks = 

% fertility of Sc.wL xno. of offspring 
% fertility of SCWL + % fertility of RIR 

3} based on the per cent recognizable offspring, i.e., 

hatched, pips, and identifiable dead embryos. The expected 

observations are identical to the method employed in number 

2 with fertility replaced by recognizable ChiCks. 

For ~e analysis of variance of per cent and duration 

of fertility, a completely randomized design was used with 

the model: Yij = ~ + ai + ~ij 

where Yij is the jth observation in the ith treatment, 

~ is the effect due to the overall mean, 

ai is the effect due to the ith level of the treatment, 

~ij is the error associated with the jth observation 
in the ith treatment. 

In all cases, the analysis was conducted on equal 

number of observations per treatment, and the lawest number 

in each trial was used. Thus, certain birds vere removed 

at random to equalize the number per group. On the tables 
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bath figures will be presented, i.e., before and after the 

equalization of bird numbers. The latter value will be in 

parentheses. 

Duncan's multiple range test was utilized to sepa

rate the means in the analyses where the factor means dif

fered (Little, 1966). 



5. EXPERIMENTAL RESULTS 

5.1. The Markinq of Spermatozoa 

The three fluoroChromes tested, F.I.~.C., acridine 

orange, and T-HCl, were aIl capable of stai~ing sperme Of 

the three, ~cridine orange proved to be the most effective 

in creating high sperm fluorescence intensity. The F.I.T.C. 

was adequate, i.e., the marked sperm were easily distin

guished mi cros copi ca lly. The T-HCl stained sperm exhibited 

only faint fluorescence and as a result, T-HCl was elimi

nated from further experimentation as a possible sperm 

marker. 

Although acridine orange was superior to the other 

two in terms of intensity, sperm stained with this dye lost 

their fluorescence after injection into and subsequent re

covery from the female tract. On the other hand, F.I.T.C. 

stained sperm maintained their fluorescence and motility 

wi thin the three-hour trial period in whiCh the sperm were 

maintained, .!!!~, in various parts of the tract. 

After testing various levels of F.I.T.C., it was 

observed that .025-.1 mg of F.I.T.C. per ml of semen (2.00 

x 109 sperm cells/ml) resulted in greater than 95% of the 

49 
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sperm being stained within a five-minute incubation period. 

In order to assure max~ fluorescence for identifying the 

sperm following recovery from the female tract, 15 minutes 

of staining was required. The stained sperm could readily 

be identified by quiCkly scanning the ovidu~ flushings on 

the slide. Sperm whiCh would otherwise hav~ been obscured 

by debris were easily detected. 

In the fertility trials involving ~e stained sperm, 

the .1 mg level had the lowest fertility in trial l (P < .1) 

(Table II) and in trial II this level also proved to be 

detrimental to fertili ty (P < • 01) (Table III). The. 1 mg 

level was thus eliminated and not used in trial III (Table 

IV) • SOth the • 05 and • 025 mg levels were comparable in 

fertility percentage to the immediate controls. 

The non-stirred control (COntrol 1) was consistently 

lower than the other two controls (Immediate and COntrol II) 

and the .05 and .025 mg levels of F.I.T.C. and in trial II 

differed siqnificantly from the immediate control (P <. .01). 

The stirred control (COntrol II) caused a lowered fertility 

in trial II as weIl (P < .01). 

stained sperm were then inseminated intra-vaginally 

into hens in lay. The birds were killed within 90 minutes, 

the reproductive tract excised, eut lenqthwise, and placed 

under a U. V. microscope in an attempt to study sperm 



51 

transport by actually identifying individual cells. Slides 

were also prepared as described in section 4.3.4. to deter-

mine whether stained sperm oould be identified in histologi-

cal studies. Bath techniques proved unsuccessful, and it 

was necessary to resort to flushing sperm from the tract as 

described in section 4.3.5. 

Initial sperm reocvery from intra-vaginally insemi-

nated females using F.I.T.C. and acridine orange stained 

sperm is reoorded in Table 1. AlI F.I.T.C. stained sperm 

reoovered (by the flushing method) within 90 minutes showed 

fluorescence. The acridine orange fluorescence was not 

maintained for any of the reoovery periods. 

5.2. The RaIe of the utero
vaginal Junction 

5.2.1. Fertility POllowing the 
Removal of the Junction 

The effect of oviduct surgery on subsequent egg pro-

duction can be seen in Table V. The females approaching 

sexual maturity in Trials' II and III vere more tolerant of 

the surgery than vere the mature birds in Trial 1. A gross 

examination was do ne on aIl birds which died or vhich did 

not resume egg production after approximately 90 daya. In 

general, the ovary and tract had regreaaed ta the stage of 
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an immature bird. However, some females continued to ovu

late either into the body cavity or into the oviduct: the 

latter resulting in compaction of this organ. Some indi

vidual cases may he worthy of mention. 

Trial 1: Bird #1790 (died 243 days post-surgery) -

The uterus was occluded with at least 3 ova~ The magnum 

and isthmus were completely bloCked with albumen-like mat

erial. The size of the oviduct appeared normal but regres

sion of the ovary had occ~rred. 

Trial II: Bird #1494 (died 95 days post-surgery) -

Five distinct membrane oovered eggs were present in the 

lower tract. 

Bird #3377 (killed 137 days post-surgery) - The 

ovary appeared as in a functional laying female: 10 large 

follicles were present, 3 of which were approximately 20 mm 

in diameter. No ova were present in the body cavity. Al

though the bird had not laid an egg in over 100 days, the 

oviduct remained in a well developed state. The operated 

area was well healed and no U V tissue vas observed (see 

Figures 4 & 5). 

Trial III: Bird #424 (died 23 days post-initial

surgery due to ov iduct hemorrhage while being re-opera ted) -

The oviduct vas normal in appearance. The ovary oontained 

7 large follicles, and 2 degeneratinq shelled eggs were 
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found in the body cavity. 

The percentages of birds whiCh died without resuming 

egg production were: Trial l - 42%: Trial II - 33.3%: 

Trial III - 23.3%. The average time of death was approxi

mately 96 days post-surgery. Birds whiCh did not resume 

egg production in Trial III were re-operated. The problem 

in these hens was not one of forming the hard-shelled egg, 

but, rather oviposition. Apparently the egg could not fit 

through the sutured area. Three re-operated birds had hard

shelled eggs in the abdominal cavity at this time: these 

eggs were removed. 

Birds which produced fertile eggs in Experiments l 

and II were subsequently killed and the tracts examined for 

UV tissue. In all cases the tracts appeared normal, the 

suture was well healed and there was no gross evidence of 

sphincter area. It should be noted that the char-

acteristic curve in this area was absent. Histological 

studies did reveal some tubules. These were sparse and not 

concentrated in any one area. 

In Trial l (Table V) the 4 birds which resumed e99 

production did so at 55, 87, 164 and 168 da ys respectively 

post-surgery. Due to the erratic pattern of production, 

females were inseminated on an individual basis as they came 

into laYe Pollowing the firet insemination, the 4 females 
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from Trial l laid from 1 to 4 fertile eggs eaCh. One female 

remained fertile for as long as 14 da ys post-insemination. 

Only 1 of the original 4 hens continued to lay, and was in

seminated for three subsequent periods. In two of these 

three periods, she produced 7 and 4 eggs whiCh were 85.7 and 

100% fertile, respectively. 

The females from Trial II (Table V) were delayed in 

initiating egg production by 2-3 weeks but recovered muCh 

more quickly than the older females of Trial 1. Table VI 

is included to show the individual variation eXhibited by 

these birds both in egg production and fertility. One sham 

operated bird did not initiate production: the second did 

and was fertile for one of three insemination periods. In 

general, egg production was muCh lower than for normal birds 

of comparable age yet both du rat ion and percentage of ferti

lit Y were higher than might be expected in birds lacking 

the UV area for sperm storage. 

The results of Trial III (Table V) show a decrease 

in time required to initiate egg production as compared with 

Trial II. Unfortunately, no sham ope~ated controls were 

available in this trial and intact females were used as con

troIs. In insemination period number S, egg production ~ 

proved to a level approaChing that of the controls while 

fertility for periods 4 and 5 was increased over that of the 
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control. 

Eggs from insemination periods 4 and 5 were allowed 

to hatch (Table VIII). From a total of 104 eggs incubated 

over these 2 periods, 83.6% were fertile: 47.1% (of fertile 

eggs) hatched, 17.3% were pips and 35.6% were dead embryos. 

It might be expected that hatchability would fall when sperm 

are stored in ~ for 14 days but a hatchability level of 

less than 50% is quite unu8ual. comparable figures obtained 

from similar types of intact females in our laboratory aver-

age about 50% fertility over the l4-day post-insemination 

periode Hat chabi lit y of fertile egg8 averages 82% while 

dead embryos and pips average 12 and 6%, respectively. 

5.2.2. The Effect of UV Homogenate 
on Fertility 

In all cases, non-incubated 8perm combined with UV 

junction holDOgenate and sperm incubated for 30 minutes re-

sulted in a consistent, but not significant decrease in 

fertility. 

In Trials l and V (Tables De and XIII) sperm incu-

bated for 60 minutes with UV holDOgenate resulted in a lower 

fertility (P (.05) than the controls. In Trial IV (Table 

XII) the fertility vas considerably, but not significantly 

decreased. Ninety minutes of incubation in 
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the presence of the homoqenate siqnificantly lowered ferti-

lit Y in Trial II (P .01) (Table X). 

The UV tissue supernatant had no effect on ferti-

lit Y after 30 minutes incubation (Trial III, Table XI). 

However, after 60 and 90 minutes, it caused a decreased 

fertility comparable to the UV homoqenate. 

The effect of the UV tissue on duration of ferti-

lit Y was parallel to its effect on fertility. In each 

trial, after 60 minutes of incubation there was a shorter 

duration of fertility and in Trials l and V the decrease was 

siqnificant (P .05). In the latter trial, it was not siq-

nificant from the stirred control (Table XIII). Ninety 

minutes proved detrimental to fertility as weIl, and in 

Trial II differed siqnificantly from the controls (P .01). 

The UV homoqenate supernatant showed similar decreased 

fertility effects. 

5.2.3. Intra-uterine Insemination 
by Means of cannulation 

Two techniques previously described to assure insem-

ination past the UV junction were utilized. In the first 

method. the bird laid a hard-shelled eqq (the first eqq was 

extremely small weiqhinq 20 qm) on the day of the operation. 

and continued layinq reqularly. This hen was inseminated 
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twice: the first time 3 days post-surgery resulted in 91.7% 

fertility (of 12 eggs), and the second insemination 24 days 

post-surgery resulted in 92.3% fertility. The duration of 

fertility was 17 and 19 days, respectively. 

Of the 5 hens treated by the second method, 2 birds 

laid hard-shelled eggs 8 and 22 days after the operation 

(#244 and 206). The latter's cannula was removed by the hen 

74 days post-surgery. 

One bird (#291) laid a shell-less egg 41 days and a 

hard-shelled egg 47 days after the operation. This bird 

continued to lay both types of eggs with the majority being 

shell-less. The fourth bird (#208) laid a shell-less e9g 

after 28 days and subsequently oviposited only shell-less 

eggs, while the fifth (#256) did not resume laying after 

surgery. 

Birds #244 and 206 were inseminated (Figure 10)follow-

ing the initiation of eg9 production. These hens had a mean 

fertility of 90% and duration of 15.8 days (Table XIV). 

5.3. Inter- and Intra-specific Heterospermic 
Insemina tions and Sperm Competition 

5.3.1. Competition Between High 
and LaW Fertility Birds 

The .. 05 mg level of F. l.T.C. vas used in marking 
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sperm to compare sperm transport in high (RIR x SCWL) and 

low (RIR) fertility males within a single female. In 30 

mdnutes post-insemination, siqnificantly more RIR sperm were 

recovered in the vaginal area in the 2 birds with mixed 

semen (P < • 05 ) • The sperm numbers of the 2 females were not 

significantly different in the U V area with 54.5% of the 

sperm from the RIR x SCWL males. After 60 minutes, 1 hen 

had more RIR sperm in the vaginal area (P(.l). No differ-

ence was noted in the U.V area with 53.3% of the sperm 

being from the RIR x SCWL males. Bath birds tested after 

90 minutes showed sperm in the vagina favourinq the RIR 

males (1 P < • 05 and 1 P (. 01) • The sperm recovered 'in the 

U V junction area resulted with one of them having more 

RIR x SCWL sperm (P < .1) and the RIR x SCWL males had 59.8% 

of the sperm in the' 2 females combined. 

The numbers of sperm observed in the infundibulum in 

all birds were very small, and, as a result, . could not be 

analyzed (Table XV). 

5.3.2. Inter-species Inseminations in 
Chickens Following Surgical Removal 
of the UV JUnction 

None of 140 89gs and 2 of 29 (6.9%) collected from 

intact hens vere fertile following inseminations vith turkey 

and pheasant samen, respectively. Neither of the 2 fertile 
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eggs hatched. TWo of 53 eggs (3 .• 7%) and 8 of 56 (14.3%) 

eggs ocllected from UV junction-less hens were fertile when 

inseminated with turkey and pheasant semen, respectively. 

In observing sperm transport of these two species 

within the chicken,it was noticed that both are capable of 

reaching the anterior area of the tract. When turkey sperm 

were in competition with rooster sperm within a single fe-

male, significantly more turkey sperm was found in the vagina 

after 30 and 60 minutes of intra-vaginal inseminations, while 

after 90 minutes the majority of sperm recovered were from 

chicken males. Chicken males had a hiqher number of sperm 

at the UV junction (P (.05) after 90 minutes but no differ-

ences were observed 30 and 60 minutes post-inseminations 

(Table XVI). 

5.4. COmpetition Between RIR 
and SCWL Males 

Initial inseminations (Aug. 10, 1970) using RIR males 

in MMI females resulted in 15.9% of the eggs being fertile 

while SCWL showed 56.3% fértility in the same breed of fe-

males. Following heterospermic inseminations, 23 progeny 

were hatched aIl of which were sired by the SaiL males. 

When semen from RIR males was inseminated into MMI females, 

which had been selected for high fertility, 44.2% of the 
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eqqs incubated were fertile. However, 13 Chicks whiCh hat-

Ched after mixed inseminations (RIR and SCWL) in the same 

trial were all sired by the SOWL males. These trials led 

to the competitive evaluations of the RIR and SCWL breeds. 

In the week of November 2, 1970, the concentration of 

sperm between the 2 breeds of males (5.310 x 109 spernv'ml 

for SCWL and 5.250 x 109 spernv'ml for RIR) was very similar. 

However, by the third week the SOWL males had a decided 

advantaqe (4.995 x 109 vs 4.178 x 109 sperm cells/ml) and 

this was maintained until February 22, 1971 (Appendix Table 

II) • 

Semen volume qreatly favoured the RIR males, whiCh 

ranqed from .391-.598 ml/male with the Sc.wL ranqinq from 

.075-.259 ml/male. The RIR x SOWL males, a qroup of known 
.--~. 

hiqh fertility,were included periodically and in all cases 

had a hiqher sperm concentration than the other types of 

males and a volume whiCh was approximately mid-way between 

the two parental types. 

Subjective observations of the semen &amples failed 

to show any differences in sperm motility or rate. There 

was a sliqhtly hiqher percentaqe of sperm vith cytoplasmic 

droplets noted in the RIR semene 

Heterospermic inseminationa involvinq these breeds 

of males in JOU females resultec:l in a deficiency of chicks 
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sired by RIR males in 3 of 4 trials. In the fourth trial, 

exactly half of the 128 chicks were sired by each. By com

bininq the 4 trials, and expectinq equal number of offsprinq 

sired from each breed, there was a siqnificantly larqer num

ber of white chicks (p< .01) (Table XVII). 

However, this does not take the fertility of the 2 

breeds into account. Throuqhout the trial period, eqqs from 

females inseminated with RIR males were fertile 42.3% of the 

time and from the Sc.wL 57.8% of the time. Thus, one miqht 

expect 132.81 of the 230 chicks to be sired by.the Sc.wL, 

rather than 115 if only sperm numbers were considered,when 

usinq the ca 1 cu lat ions described in the method section. 

usinq this method, no deviation from the expected was found 

in the total of the 4 trials or in any of the individual 

trials. A further possibility for differences in ratios may 

be created by more unreooqnizable early deads in chicks 

sired by one of the breeds. When tested in this manner none 

of the differences showed siqnificance. The correlation 

between the percentaqe of white chicks expected based on the 

fertility of the 2 breeds (as calculated by the formula pre

sented previously) and the actual per cent of white chicks 

was found to be .8489. 

The superiority of the Sc.wL males vas more predominant 

when usinq the RIR females. In the first three trials, RIR 
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sperm cells and SCWL sperm cells were inseminated in the 

ratios of 1:1 and 2:1. In the 1:1 ratios, 92% of the off

sprinq were white and in the 2:1 ratio, 79.1% were white. 

These deviations were hiqhly siqnificant from the expected 

in all cases. When fertility and recoqnizable offsprinq 

were considered in the 1:1 ratio, the estimation of the ex

pected offsprinq was much more accurate but were still siq

nificantly different from the expected. 

The ratio of sperm was then increased to 2.5:1, 3:1, 

and 4:1 (RIR:SCWL) in an effort to equalize the number of 

proqeny produced by each breed. This resulted in 71.4, 

70.8 and 69.4% of the chiCks beinq white, respectively 

(Table XVIII). 

To qive a clearer assessment of the fertility of RIR 

males mated to RIR females, bath breeds were inseminated in 

SCWL females to see if there was an effect due to closely 

related females. Bere the RIR males resulted in 32.9% fer

tility and the Sc::.wL in 55.6%. Finally, bath males were used 

to inseminate RIR x SCWL females. These were equally re

lated to bath except for the Z chromosome. The RIR showed 

34.7% and the SCWL 54.2% fertility. In these two trials 

the fertility vas not different from the percentaqe de

scribed in either the MMI or RIR females. 

Exper~ts were then desiqned to determine competitive 
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sperm transport between the two breeds within a single RIR 

x SCWL to see if the ratio of offspring oould be explained 

by differenees in sperm numbers at different sites within 

the tract. No differenees were noted in the ~umber of sperm 

loeated in the vagina 30 minutes after intra-vaginal heter

ospermie inseminations. After 60 (P < .05) and 90 (P < .01) 

minutes, mor, RIR sperm were reoovered from this area. The 

SCWL sperm reached the U V area in greater numbers (P < .1) 

in 60 (62.7%) and 90 (61.4%) minutes. No analysis was oon

sidered in areas of the tract anterior to the UV junetion 

sinee small numbers of spe.rm were reoovered. In the vari

ous parts of the tract above the UV junction, the SCWL 

showed a greater nurnber of sperm eells in oomparison to the 

RIR in 67% of the observations (Table XIX). 

In order to avoid the barrier mechanism of the UV 

junction and in an attempt to obtain equal numbers of sperm 

at the site of fertilization, 12 MHI femaleswere insemi

nated via cannulations as deseribed in section 4.4.3., method 

I. Unfortunately, aIl birds laid only shell-less eggs follow

ing the operation. 

Following surgical intra-magnal inseminations of the 

9 birds inseminated vith RIR semen, 2 laid eggs within 14 

days of the operation. From eight eggs laid, fertility vas 

10~. These 2 birds along with 2 others laid fertile eggs 
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with a mean duration of 23.5 days (range l8-34). None of 

the hens inseminated with SOWL laid an egg within the 14-

day period: however, 3 hens laid fertile eggs after this 

date. Duration in these hens averaged 22.3 days (range 20-

25) • 

The trial in which the RiR females were inseminated 

with RiR semen 4 days after being inseminated with SCWL 

semen resulted in approximately equal numbers of offspring 

from da ys 2-15 post-insemination, following the second in

semination. Fort y-one point seven per cent of the offspring 

were sired by the RIR males on day 2 and 46.2% in the 14-

day total. Bath figures were not significantly different 

from an expected value of 50%. In the reciprocal cross, 

the SCWL sired 54.5% of the chicks in day 2 and sired 83.9% 

of the progeny in the 14 days: this figure was highly sig

nificant (p < .001). The IUR were less successful in SCBrL 

females in that they sired 12.5% (1 of'8) of the offspring 

when their semen was used after the SCWL and 7.7% (lof l3) 

when used bafore. 



DISCUSSION 

F.I.T.C., at a concentration of .05 mg/2.00 x 109 

sperm/ml, proved to be effective in labelling ChiCken sperm 

cells without reducing their fertilizing ability. This is 

in agreement with the work reported by Mellish (1969) using 

this fluorochrome with boar sperme ,It allowed for compari

sons of sperm competition between 2 breeds or species within 

a single female and thus helped to elucidate differences in 

offspring ratios following heterosper;mic inseminations. As 

well, the stained sperm made possible the rapid scanning of 

slides, as compared to conventional methods, in determining 

sperm counts following recovery from various parts of the 

reproductive tract. 

Despite the many advantages offered by this fluoro

chrome, there are some drawbacks. The tedious and lengthy 

work of recovering and counting sperm was not eliminated. 

As well, these sperm could not be identified in histological 

studies. Por this technique to be more useful, a bétter 

method of sperm recovery is required in areas anterior to 

the UV junction. 

The gentle stirring of the sperm vith the P.I.T.C. 

to obtain a homoqenous distribution of the dye seemed to 
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serve an added purpose. AlI the stirred samples showed a 

consistent and, at times, siqnificantly hiqher fertility than 

the non-stirred control. Bath Van Wambeke (1968) and Proud

foot and Stewart (1967) have reported that oxyqen can have a 

beneficial effect on fertility. The stirrinq caused a qreater 

number of sperm to come in contact with the atmosphere, poss

ibly explaininq the fertility differences. 

Lake and Gilbert (1962) and Gilbert (1969) noted that 

surqical thread placed in the uterus causes the oviposition 

of shell-less or soft-shelled eqqs. These birds showed 

fewer sperm in the UV storaqe area than the controls (Gilbert 

~ al., 1968b). Followinq the surqical removal of the UV 

junction (section 4.4.1.), 1 bird in trial II and 5 birds in 

trial III oontinually laid shell-less eggs, while aIl the 

other birds laid shell-less or soft-shelled eqgs intermit

tently. AlI "12 MMI females laid only shell-less eqgs after 

cannulation of the uterus (section 4.5.3.). It should be 

noted that day-time temperature ranged from 85-950 F at this 

time and soft-shelled and shell-less eqqs were oommon among 

the non-operated MMI females. The operated MMI birds did 

resume production of hard-shelled eggs following the annual 

moult (2 to 3 months post-surgery). Three of these hens 

retained their cannulae: however, these vere blocked and 

sperm were net able to pas. throuqh the tube. 



67 

The work has shown that oviposition is possible with 

a surgieal disruption of the tract and that oviposition is 

not the criterion for ovulation sinee a number of ova were 
1 

found in the tract at one time. As well, the tract is cap-

able of contractions in bath directions, as has been sug-

gested by Parker (1931), sinee hard-shelled eggs were found 

in the abdominal cavity after presumably moving anteriorly 

in the tract following shell deposition. 

The results would indicate that the infundibular area 

is capable of maintaining prolonged sperm storage and fert-

ility, or that suffieient tubules remained in the utero-

vaginal area to provide for sperm storage. This is in agree-

ment with Schindler ~.!l. (1967) who reported that these 

glands can maintain fertility at least as long as the UV 

tubules, and with Takeda (1966) and Van Krey ~~. (1966), 

who found sperm almost exelusively in the infundibular 

glands following deep inseminations. 

Gilbert ~~. (1968a) reported finding transitional 

and uterine glands anterior to the UV junction tissue and 

Fujii and Tamura (1963) observed sperm tubules in the "be-

ginninq" of the vaginal area that were capable of storing 

sperme It is possible that the tubules other than the ones 

found in the UV junction vere seen in the present vork. The 

area from vhich the tubules oriqinated could not be determined 
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in our laboratory. The birds generally did show an increased 

fertility with a longer duration between surgery and insemi

nation. Possibly a regeneration of the removed tissue occur

red or the uterine and vaginal tubules replaced the UV sperm 

host glands as the main sperm storage area. 

Grigg and Skaller (1958) found three sterile hens when 

inseminated by conventional methods. However, with intraper

itoneal inseminations, the birds laid 9Q% fertile eggs. They 

postulated that the initial failure of fertility was due to 

"an exaggeration of the restrictive function of the utero

vaginal junction." nt the present study, the females insem

inated anterior to the UV junction via cannulae all showed 

fertility in excess of 90%with a mean duration of 16.5 days. 

There is some thought that following inseminations 

which avoid the UV barrier, there would be a greater possi

bility of fertilization being accomplished by genetically 

inferior or foreiqn sperme As can be seen from Table VIII, 

only 41 out of 87 fertile eggs from UV junctionless birds 

hatched in trials IV and V combined. The high embryonic 

mortality (52.9%) agrees with the findinqs of Oqasawara ~ 

al. (1966) and Van Krey et al. (1966) who found an increase 

in embryonic deaths vith inseminations past the UV junction. 

Intra-maqnal inseminations in chickens vith turkey semen 

increased fertility when compared to conventional inseminations 
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(Kempenich-Pinto ~ al., 1970) and in these hens near1y a11 

the sperm were located in the infundfbü1ar glands (Schind1er 

~ al., 1970). Intra-vagina1 inseminations of intact chick-
; 

ens with turkey and pheasant semen in the present report 

resu1ted in 0 and 6.9% fertility, respectively. In hens 

where the UV barrier was removed, ferti1ity was increased te 

3.7 and 14.3%. It wou1d appear that the UV junction decreases 

the number of sperm, both inter- and intra-specific, from 

reaching the site of ferti1ization. 

It has been we11 estab1ished that avian sperm can 

remain viable in the female tract for a long duration (Crew, 

1926). However, sperm incubated with UV junction homogenate 

show a higher metabo1ic rate (Van Krey ~ Al., 1970) and 

Duke10w and Williams (1967) have indicated that an increased 

respiratory rate decreases spermes viabi1ity. The work in 

which sperm were incubated with the UV tissue agree with 

Duke10w and Williams' suggestion regarding decreased ferti-

1ity. It shou1d be noted that non-incubated sperm accompanied 

with UV homogenate caused a consistent but non-significant 

reduction in ferti1ity. It appears that there cou1d have 

existed some other agent causing the lowered ferti1ity. 

Bacterial oontamination and unequa1 sperm numbers per insem-

ination certain1y remain as possibi1ities. 

Warren and Kilpatrick (1929) (using chickens) and Payne 
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and Kahrs (196l) (using turkeys) have reported that new males 

sire practically all the offspring in a short time after re

placing the old ones. This was confirmed in section 5.3.1. 

when SCWL semen followed the, RIR semen: however, the recipro

cal cross proved contrary to these reports. It should be 

noted that Payne and Kahrs (196l) observed that fresh semen 

from turkey males non-related to the females were more effec

tive in replacing sperm present from previous males than was 

fresh sperm from males closely-related to the females. This 

could possibly explain the RIR male performance in the RIR 

females. 

Workers observing sperm competition following hetero

spermic inseminations found significant deviations from the 

expected offspring ratio in chickens (Buckland and Hawes, 

1968), rabbits (Beatty, 1960), cows (Beatty ~ al., 1969), 

and pigs (Mellish, 1969). These workers only considered 

sperm numbers in their analyses and neglected to consider 

other parameters such as fertility of the males and the number 

of sperm reaching the site of fertilization from each of the 

males. 

The research involving heterospermic inseminations has 

illustrated that it is necessary to look beyond differences 

in sperm numbers between the sires in calculating the ratios 

of expected offaprinq. When semen from RIR and SCWL males 

waa inaeminated into MMI females, the fertility of each 

of the breada 'Ra utilized to calculate the percentage of 



white offsprinq eAPe~ed from eaCh mixed insemination. A 

correlation of .8489 was calculated between the percentage 

of white ChiCks expected (based on the oombined fertility) 

and the actual percentage of white ChiCks obtained in the 

4 trials. 
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With the substitution of RIR females for the MMI1s, 

the fertility percentaqes of the two breeds were not suffi

cient in estimatinq the expected percentaqe of white off

spring. However, in oonsiderinq the fertility percentaqes, 

the derived expected was more accurate than the usual 1:1 

expected. With these females, the ratio of offsprinq was 

not altered siqnificantly when the ratio of sperm ranqed 

from 2.5:1 to 4:1 in favor of the RIR males. Here it was 

probably more important to oonsider the number of sperm from 

eaCh breed reaChinq the site of fertilization. In the 

studies oonducted, the SCWL males had siqnificantly more 

sperm at the UV junction 60 and 90 minutes after inseminat

inq equal number of sperm from eaCh breed. At these tilDes 

there were siqnificantly more RIR sperm in the vaqina. It 

would have added to the information oollected to test the 

number of sperm from eaCh breed reaChing the UV junction in 

oonnection with chanqes in the ratio of sperm cells from the 

different males as discussed above. Perhaps the number of 

sperm at the UV junction from eaCh male did IlOt change 
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despite the shifts in sperm rati~s inseminated. 

Dunn (1927) and Bhatnaqar (1963) reported better fer

tility when females were inseminated with closely related 

males. Allen and Champion (1955) alonq with this work could 

not substantiate these findinqs. No differences within male 

fertility were noted in any of the 5 breeds of females insem

inated. In each trial, the SCWL males showed hiqher fertil

ity. When the RIR sperm were in competition with the SCWL 

sperm followinq heterospermic insemination, the RIR males 

fared better in the MMI females than in the RIR females. 

The inferior performance of the "RIR males cannot 

readily be explained. RIR sperm were capable of remaininq 

viable in the female tract for relatively lonq periods as 

shown by the mean duration of 23.5 days (1 female showed 

fertility 34 days ~:t-iJisemination) fol~owinq surqical 

intra-maqnal inseminations. It would seem that the UV 

junction prevented a prolonqed fertility when usinq RIR 

sperme 

Prom the above studies, it can be ooncluded that the 

function of the UV junction could be oonsidered similar to 

that of the cervix in the oow and utero-tubal junction in 

the pig, i. e., decreasing the number of sperm ascending the 

tract. It may act as a "filtering agent" by limiting the 

number of sperm reaching the anterior portion of the tract 
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and participatinq in fertilization. 



SUMMARY AND CONCLUSIONS 

The studies conducted in this report clarified some 

aspects of the Chicken's oviduct function in respect ta 

intra- and inter-species sperm transport. A suitable irre

versible sperm marker helped in these studies to determine 

sperm competition and to count sperm rapidly. Experiments 

were designed to evaluate the importance of the UV junction 

by removinq this tissue and by observinq the effects of 

inseminatinq sperm bath posterior and anterior ta this area. 

From the work i t can be concluded tha t: 

1) F.I.T.C., at a level of .05 mg/2.00 x 109 sperm cellsl 

m1 can stain sperm without affectinq their fertilizinq 

ability: 

2) the UV junction is net necessary for prolonqed fertility 

and acts by limitinq the number of sperm ascendinq the 

tract: 

3) high fertility birds (SCNL) sired more offsprinq than low 

fertility birds (~R) in heterospermic inseminations -

in the experiment involvinq MM! females, the discrepancies 

in the ratio of offspring was explained by the difference 

in fertility of the 2 male breeds: 

4) fertility involving inter-specifie inseminations increased 
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in UV junction-Iess hens indicating the barrier effect 

of this sphincter: 

7S 

S) competition between sperm of low and high fecundity males 

inseminated into a single female resulted in the sperm 

from the high fertile males reaching the UV junction 

first: similarly, rooster sperm arrived at the Uv junction 

prior to turkey semen following heterospermic insemination 

of the 2 species within a single female. 



Table I. The use of acridine orange and F.I.T.C. to study their influences as a sperm 
marker 

Time OViduct Sections Examined 
(Post A. I. ) vagina UV Junction Infundibulum 

Acridine oran~2 
30 Min. No. Observed 159 7 

No. Estimated 54,900 211 
" Stained 0 0 

60 Min. No. Observed 116 6 
No. Estimated 39,400 175 
" Stained 0 0 

90 Min. No. Observed 149 16 
No. Estimated 50,700 472 
" Stained 0 0 

F.I.T.C. 2 
30 Min. No. Observed 136%5.206 6%2;.510 1.7±0.882 

:tS.E.1 
No. Estimated 64,233 69.7 3.7 
" Stained 100 100 100 

60 Min. No. Observed 142%27.610 10.7±6.667 9. 7±5. 239 
+S.E.1 

No. Estimated 48,277 156 117.3 
" Stained 100 100 100 

90 Min. No. Observed 131:t18.520 44±17.534 2.0%1.155 
:tS.E.1 

No. Estimated 37,644 592 6.7 
~ Stained 100 100 100 

1 Numbers based on a mean of 3 birds. 
2.05 mg of cach fluorochrome per ml of semen (2.00 x 109 sperm ce11s). 

" 0\ 
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Table II. The effect of different levels of F.I.T.C.l on 
fertility in the hen 

Semen 
Treatment 

Immediate A. l. 

COntrol l 
(non-stirred) 

COntrol II 
(stirred) 

F.I.T.C.-.025 

F.I.T.C.-.050 

F.I.T.C.-.IOO 

No.of Birds 
Inseminated 

20 

20 

20 

21(20)2 

20 

20 

(Trial I) 

No.of Eggs 

208 

211 

229 

224(220) 

224 

207 

% 
Production 

74.3 

75.4 

81.8 

% 
Fertile 

64.4 

49.3 

65.1 

78.9(78.6) 60.0(60.0) 

80.0 60.3 

73.9 46.9 

lEXPressed as ml of .001 solution of P.I.T.C. per ml of semen 
(2.00 x 109 sperm cells). 

2values in brackets were those used for statistical analysis. 

Analysis of Variance for percentage Fertility 

Source d. f. SS .t§ F. calc. 

Total 119 6.9227 

Treatments 5 .6184 .1237 2.2363a 

Error 114 6.3043 .0553 

aSignificant at .1 level (2.29 needed for .05 level). 
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Table III. The effect of different 1eve1s of F.I.T.C. 1 on 
ferti1ity in the hen 

(Trial II) 

Semen No.of Birds No. of % % 
Treatment Inseminated Eqgs production Fertile 

Immediate A. 1. 19 182 68.4 74.7 a a 

COntrol 1 20 {19)2 197 (191) 70.4(71.8) 52.3 (51.8)a b 
(non-stirred) 

COntrol II 21(19) 200(190) 68.0(71.4) 54.0(53.7)a b 
(stirred) 

F.I.T.C.-.025 19(19) 195 73.3 56.9 a ab 

F.I.T.C.-.050 20(19) 207(201) 73.9(75.6) 68.6(68.1)a ab 

F.I.T.C.-.100 19(19) 186 69.9 19.9 b c 
.01 .05 

1Expressed as ml of .001 solution of F.I.T.C. per ml of semen 
(2.00 x 109 sperm ce11s). 

2va1ues in braCkets were those used for statistica1 ana1ysis. 

Figures in rows having the same superscripts are not signifi
cant1y different from one another at the 1eve1 indicated. 

Ana1ysis of variance for percentage Fertility 

Source ~. F. ca1c. 

Total 113 13.6590 

Treatments 5 3.3201 .6640 6.9362** 

Error lOS 10.3390 .0957 

**p <.01 
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Table IV. The effect of different levels of F.I.T.C. l on 
fertility in thé hen 

(Trial III) 

5emen No.of Birds No. of % % 
Treatment Inseminated Eggs Production Fertile 

Immediate A.I. 18(14)2 174 (145) 60.9(74.0) 58.0(58.6) 

COntrol 1 14 124 63.3 45.2 
(non-stirred) 

COntrol II 15 (14) 146 (138) 69.5(70.4) 55.5(55.1) 
(stirred) 

F.I.T.C.-.025 14 134 68.4 53.0 

F.I.T.C.-.050 15 (14) 133 (128) .63.3 (65.3) 55.6(57.8) 

lExpressed as ml of .001 solution of F.I.T.C. per ml of semen 
(2.00 x 109 sperm cells). 

2Values in braCkets are those used for statistical analysis. 

Analysis of variance for Percentage Fertility 

Source d. f. 55 MS F. calc. 

Total 69 5.3798 

Treatment 4 .2215 .0554 .6977 

Error 65 5.1583 .0794 



Table V. Time required for initiation or resumption of egg production following the 
removal of the UV junction in the 3 trials. 

Time required for 
production Trial l Trial II Trial III 

(days post-surgery) (No. females) (No. females) (No. females) 

0-14 

15-28 

29-42 

43-98 2 

98 1. 

Total 4 

% of total birds operated 33.3 

lOne female laid only shell-less eggs. 

2Four females laid only shell-less eggs. 

3 

1 

! 
51 

55.5 

8 

7 

3 

2 

1 

212 

70.0 

en 
o 



Table VI. The effect of oviduct surgery on subsequent egg production and fertility 
(Trial II) 

Time of A.I. Eg9s Laid E99s Duration of 
Insemination Bird (days post- (days 2-15 Fertile Ferti1ity 

Sequence Number surgery) post A. 1. ) C%) Cdays ) 

lst 3384 (sham) 25 5 0 
1532 24 4 0 
3355 26 5 0 
3361 38 7 100.0 14 

Means 28.2 5.1 33.3 3.5 

2nd 3384 (sham) 39 4 75.0 12 
1532 40 0 
3355 39 8 75.0 14 
3361 103 0 

Means 55.2 3.0 75.0 6.5 

3rd 3384 (sham) 104 0 
1532 75 2 100.0 4 
3355 74 6 100.0 13 

Means 84.3 2.7 100.0 5.7 

4th 1532 105 0 
3355 104 7 100.0 13 

Means 104.5 3.5 100.0 6.5 

ex> .... 



Table VII. ~le effect of oviduct surgery on subsequent egg production and fertility 
(Trial III) 

Insemination 
Sequence 

lat 

2nd 

3rd 

4th 

5th 

COntrol Il 

COntrol 112 

No. 
8irds 

5 

6 

6 

8 

5 

16 

16 

No. Eggs 
Days Post- (Days 2-15 
surgery (X) post A.I.) 

17.2 15 

39.7 42 

53.7 36 

84.0 60 

129.4 44 

157 

153 

lcontrol 1 was run concurrently with insemination #4. 

2control II was run concurrent1y with insemination #5. 

Egg Production Ferti1ity 
(%) (ex) 

21.4 33.3 

50.0 35.7 

42.9 27.8 

53 .. 6 85.0 

62.9 81.8 

70.1 65.0 

68.3 71. 0 

en 
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'l'able VIII. 

'l'rial 

IV 

V 

llatchability of fertile eggs from the birds in which the UV junctions were 
removed in 'l'rials IV and V 

Days Post No. No. No. No. No. No. 
A. l. Birds Eggs Ferti1eC%) HatchedC%) PipsC%) DeadC%) 

2-8 8 34 34(100) 17(50) 4(11.8) 13 (38. 2) 

9-15 8 26 17(65.4) 5(29.4) 4 (23.5 ) 8(47.1) 
, 

Total 8 60 51(85.0) 22(43.1) 8 (15.7) 21(41.2) 

2-8 7 21 19(90.5) 11(57.9) 3 (15.8) 5 (26.3) 

9-15 7 23 17(73.9) 8(47.1) 4 (23.5) 5(29.4) 

Total 7 44 36(81.8) 19 (52.7 ) 7(19.4) 10(27.8) 

Q) 
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Table IX. The cffect of sperm incubated with UV junction homogenate on fertility. 
(Trial 1) 

Birds Eggs 
Treatment Timel inseminated incubated Fertility Duration 

(min) (NO.J~ ___ ~N~.l ___ ~ ___ ~l__ Days ex) :!:" S.E. 

Control 0 12(10)2 132(111) 87.9(87.0) a a 14.6(14.8)±0.814 
Control 60 10 113 79.7 a ab 15.3 ±0.764 
Buffer3 60 11(10) 122 (115) 63.9(64.3) b b 12.1 (12.3 )fl.126 
UV Homogenate4 60 10 101 35.6 c c 9.4 il. 714 

ab 
a 

bc 
c 

.05 .01 .05 & .01 
1Time in minutes between collection of semen and insemination. 
2value in brackets refers to values actua1ly used for statistica1 ana1ysis for percentage 

and duration of fertility. 
3SUffer added at a ratio of 1:2. 
4The ratio of UV homogenate added to semen was 1:2. 

Figures in rows having the same superscripts are not significantly different from one 
another at the level indicated. 

Source d. f. 
Fertility 

Total 9 
Treatment 3 
Error 36 

Duration 
Total 39 

Ana1ysis of Variance 

S.S. 

2.74646698 
1.67793728 
1.06852970 

702.9 

~. 

.55931242 

.02968138 

F. ca1c. 

20.205** 

• 
Treatment 3 219.7 73.23333· 

13.42222· 
5.4561** 

Error 36 483.2 

** P(.Ol 
Q) 
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Table X. The effect of sperrn incubated with UV junction homogenate on ferti1ity. 
(Trial II) 

Treatment 
Birds Eggs 

Time1 inseminated incubated Ferti1ity Duration 
(min) (no_.J ____ lNo~) (%) Days (50 ± S.E. 

COntrol 0 10 105 86.7 a a 15.6 ±0.933 
COntrol 90 13 (10)2 141(116) 54.1(53.4)bc a 11.0 (11. 4 )~2. 301 
Buffer3 90 12(10) 131 (115) 64.9(66.1)ab a 12.9(12.6):2.291 
UV Homogenate4 90 14(10) 145(117) 15. 2 (11. 1) d b 3.4 ( 2. 7 )~1. 001 

a 
a 
a 
b 

.05 .01 .05 & .01 
1Time in minutes between collection of semen and insemination. 
2va1ue in brackets refers to values actua11y used for statistica1 ana1ysis for percentage 

and duration of ferti1ity. 
3Buffer added at a ratio of 1:2. 
4The ratio of UV homogenate added to semen was 1:2. 

Ana1ysis of Variance 

Source d. f. §.:.§.. !t:..ê.. F. ca1c. 
Fertilit~ 

Total 39 6.43987438 
Treatment 3 3.16329168 1. 05443056 11. 5851** 
Error 36 3.2765827 .09101618 

Duration 
Total 39 2037.775 
Treatment 3 920.475 306.8250 9.8861** 
Error 36 1117.300 31. 0361 

**p < .01 

en 
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Table XI. The cffect of sperm incubated with UV junction homogenate on ferti1ity. 
(Trial III) 

Birds Eggs 
Treatment Time l inseminated incubated Ferti1ity Duration 

(min) .lNQ~~ __ ~_(Nc;hJ~. ___ J%) Days ex> ± S.E. 

Control 
Control 
Buffer3 
UV Homogenate4 

30 
45 
45 
45 

9 
10(9)2 
11 (9) 
11(9) 

104 
116 (107) 
134(112) 
123 (108) 

82.7 
83.6(82.2) 
88.1(86.6) 
89.4(88.0) 

14.6 :t1. 237 
14.8(14.6)±0.915 
15.1 (14.6 ):t1. 879 
15.2 (15.4 )±1. 015 

1Time in minutes between collection of semen and insemination. 
2va l ue in brackets refers to values actua11y used for statistica1 ana1ysis for percentage 

and duration of ferti1ity. 
3Buffer added at a ratio of 1:2. 
4The ratio of UV homogenate added to semen was 1:2. 

Ana1ysis of Variance 

Source d. f. S.S. -M.S. F. cale. 
Fertilit~ 

Total 35 1.10507956 
Treatment 3 .04816089 .01605363 0.4861 
Error 32 1.05691467 .03302858 

Duration 
Total 35 504.3333' 
Treatment 3 5.3333· 1. 7777' 0.1140 
Error 32 499.0 15.593375 

CX> 
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Table XII. The effect of sperm incubated with UV junction homogenate on ferti1ity. 
(Trial IV) 

Birds Eggs 
Treatment inseminated incubated Ferti1ity Duration 

(No. l (NO. l (~l Da~s (Xl of S.E. 
No Incubation 

COntrol 12(11)1 117(112) 65.0(66.1) 10.8(11.3)!1.287 
Buffer2 12 (11) 128(120) 60.9(60.8) 10.1(10.1)±1.729 
Supernatant3 Il 110 58.2 9.8 ±0.412 
UV Homogenate4 Il 118 44.1 7.5 il. 282 

60 Min.of Incubation 
COntrol 9 (8) 88(82) 62.5(63.4) 10.0 ( 9.9 )±1. 918 
Buffer 8 87 47.1 10.9 ±2.000 
Supernatant 8 82 31.7 6.5 *1. 956 
UV Homogenate 8 80 28.8 6.4 *1.818 

90 Min.of Incubation 
control 8 (7) 84 (75) 60.7(65.3) 10.9(11.4)t2.057 
Buffer 8 (7) 85(79) 54.1(54.4) 10.9 (10. 9 )*1. 969 
Supernatant 7 80 38.8 8.0 *2.104 
UV Homogenate 8 (7) 78 (71) 34.6(36.6) 5.6( 7.0)t1.732 

lvalue in brackets refers to values actua11y used for statistica1 analysis for percentage 
and duration of fertility. 

2Buffer added at a ratio of 1:2. 
3supernatant added at a ratio of 1:2. 
4The ratio of UV homogenate added to semen was 1:2. 

CD ..... 



Ana1ysis of Variance for Trial IV 

Source d.f. S.S. 
No Incubation 

Ferti1ity Total 43 4.66180464 
Treatment 3 0.19216300 
Error 40 4.46964164 

Duration Total 43 904.88636364 
Treatment 3 84.43181818 
Error 40 820.45454546 

60 Min.of Incubation 
Ferti1ity Total 31 3.49648672 

Treat-ment 3 .62477359 
Error 28 2.87171313 

Duration Total 31 1015.71875 
Treatment 3 128.09375 
Error 28 887.625 

90 Min. of Incubation 
Ferti1ity Total 27 2.49881872 

Treatment 3 .34490986 
Error 24 2.15390886 

Duration Total 27 787.85714286 
Treatment 3 135.28571428 
Error 24 652.57142858 

M.S. 

.06405433 

.11174104 

28.14393939 
20.51136363 

.20825786 

.10256118 

42.6979166 
31.7008985 

.11496995 

.08974620 

45.09523809 
27.19047619 

F. ca1c. 

0.5732 

1. 3721 

2.0306 

1.3469 

1.2811 

1. 6505 

ex> 
ex> 



Table XIII. The effect of sperm incubated with UV junction homogenate on fertility. 
(Trial V) 

Birds Eggs 
Treatment inseminated incubated Fertility Duration 

{No. l {No. l {~l Days {Xl i S.E. 
No Incubation 

COntrol 8 77 64.9 Il.8 iO.996 
Buffer 2 8 84 66.7 11.1 ±1.274 
supernatant3 8 78 51.3 9.8 fI. 264 
UV Homogenate4 8 78 50.0 9.9 i1.563 

30 Min.of Incubation 
COntrol 8 84 61.9 11.6 fO.999 
Buffer 9(8)1 86 (78) . 64.0(65.4) l1.6(ll.9)±1.172 
Supernatant 8 75 49.3 + 10.1 -0.934 
UV Homogenate 8 75 42.7 8.4 fl.085 

60 Min.of Incubation 
COntrol 8 90 60.0a 10.0 ±1.648ab 

Buffer 9 (8) 90(84) 58.9(59.5)a Il.3(ll.4)±0.999a 
Supernatant 8. 73 30. 1 D· 5. 9 ± 1. 43 2b 

UV Homogenate 8 85 28.2b 6.1' il. 481b 

IValue in brackets refers to values actually used for statistical analysis for percentage 
and duration of fertility. 

2Buffer added at a ratio of 1:2. 
3supernatant added at a ratio of 1:2. 
4The ratio of UV homogenate added to semen was 1:2. 

Figures in rows having the sarne superscripts are not significantly different from one 
another at the level indicated. 

en 
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Ana1ysis of Variance for Trial V 

Source d. f. s.S. 
No incubation 

Ferti1ity Total 31 2.04785372 
Treatment 3 .16381864 
Error 28 1.88403488 

Duration Total 31 395.5 
Treatment 3 22.75 
Error 28 372.75 

30 Min.of Incubation 
Ferti1ity Total 31 1.38965122 

Treatment 3 .25274034 
Error 28 1.13691088 

Duration Total 31 310 
Treatment 3 62.5 
Error 28 247.5 

60 Min.of Incubation 
Ferti1ity Total 31 2.2889395 

Treatment 3 .72284375 
Error 28 1. 56609575 

Du rat ion Total 31 629.21875 
Treatment 3 183.59375 
Error 28 445.625 

M.S. 

.05460628 

.06728692 

7.58333· 
13.125 

.08424678 

.04060396 

20.83333· 
. 8.83928571 

2.4094791 
.5593199 

61.1979166 
15.91517857 

F. cale. 

0.8115 

0.5778 

2.0748 

2.356· 

4.3079* 

3.8453* 

'f) 
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Table XIV. Fertility fo11owing intra-uterine inseminations uti1izing the cannu1ation 
methods 

Insemination Bird Days Post No. " Duration 
No. No. __ . Surgery Eggs Fertile (in days) 

Method l 1 SOS 3 12 91.7 17 

2 SOS 24 13 92.3 19 

Means 13.5 12.5 92.0 18 

Method II 1 206 32 4 100 13 

2 206 47 7 85.7 16 

3 244 61 10 90 18 

4 206 68 9 88.9 16 

Means 52 7.5 90 15.8 

\0 ..., 



Table xv. Competition of sperm transport between low and high fecundity cocks - RIR vs 
RIR x SCWL (X) 

Time Vaginal UV JU-nctIo-n1-~---- - Infundibulum! 

Post Sperm No. No." lio. NO." No. No. " 
A.I. Mixture Observe Est'd Stained Observe Est'd Stained Observe Est'd Stained 
30 RIRxRIR 141.0*23.941 47,628 57.3 3.3%1.764 99 60.0 3±1.528 9 66.7 
Min. Xa x X 166.7~18.765 56,672 46.2b 5.0%1.881 148 53.3 

RIRx XA 81.7%15.412 27,722 55.1 3.3%1.546 36 40.0 1.7±0.745 16 43.8 
RIRx Xa 135.0%21.818 45,834 42.7** 4.0%1.053 125 50.0 3%1.732 9 55.6 

60 RIR!xRIRl92.7±31.005 65,483 48.8 7. 0±2. 309 171 42.8 0.7±0.471 2 33.3 
Min. Xa x X 65.3±17.117 22,152 55.1 8.0±1.943 227 54.2 + 6 66.7 1-0.000 

RlaAXX 99.7% 8.173 33,852 54.8b 12.0*2.411 350 50.0 
RIRXXa 47.0%12.051 15,912 52.5 8.0%1.650 240 58.3 1. 7%0.882 10 60.0 

90 RIR!xRIR 77.7%13.135 26,380 43.8b 10.0%2.532 297 60.0 1%0.000 6 33.3 
Min. Xa x X 123.7*11.814 42,012 47.4 8.3±1.291 251 44.0 1*0.577 6 33.3 

RlaaXX 110.7*10.949 37,644 59.9*** 18.7*3.110 560 44.6 1*0.577 3 33.3 
RIRXXa 152.0*14.332 51,700 45.0* 12.7*1.843 380 65 •. 7b 

1Based on a mean of 3 birds. *p <.05 
8Denotes stained sperme **p < .01 
b p (.1 ***p < .001 

\0 
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Table XVI. The use of F.I.T.C. stained sperm ~o evaluate turkey vs rooster sperm competi
tion within a single female 

30 Min. 60 Min. 90 Min. 

" " " No. No. Rooster No. No. Rooster No. No. Rooster 
Observ. 1 Est'd Sperm. __ .. Observ •. 1 Bst'd.Sperm Observ. 1 Est'd Sperm 

Vagina 
UV 
uterus 
Magnum 
Infund
ibulum 

205.7±28.417 6·9~38-39.7*** 183.3%22.667 62,322 46.0** 181.0±17.453 61,540 58.9*** 

laa.ad on 

Vagina 
UV 

12.3% 2.603 431 54.1 17.0% 2.887 595 46.8 14.3% 3.180 500 67.4** 
4.3% 2.333 54 38.5 3.3% 1.764 83 40.0 3.0% 1.528 75 33.0 
2.0% 0.527 25 50.0 1.7% 0.745 21 40.0 2.0± 0.527 25 67.0 
2.0+ 0.667 25 66.7 4.0+ 2.082 50 67.0 3.3+ 1.546 83 30.0 

a mean of 3 fema1es. 

30 Min. 
ExP.! Obs. 2 ~2 

308.5 245 26.141*** 
18.5 20 0.243 

*p (.05 
**p < .01 

***p< .001 

Chi-Square Ana1ysis 

60 Min. 
!!E. Obs. >QO 

225 253 6.969** 
25.5 24 0.176 

90 Min. 
~. Obs. X2 

271.5 320 17.328*** 
21.5 29 5.233** 

lExpected number of rooster sperm in the 3 fema1es oombined. 

2Actua1 number of rooster sperm observed in the 3 fema1es. 

\0 
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Table XIX. The use of F.I.T.C. stained sperm to eva1uate RIR vs SCWL sperm competition 
within a RIR x SCWL fema1e 

Vagina 
UV 
uterus 
MAgnum 
Infund
ibulum 

30 Min. 60 Min. 90 Min. 

" " " No. No. SCWL No. No. SCWL No. No. SCWL 
Observ. 1 Est • d Sperm ____ Observ. 1 Esj:' d Sperm Observ. 1 Est • d Sperm 

244.3±26.171 8j,~62 47.0 218.0%19.941.74,120 45.9* 168.7%27.354 57,358 40.0** 
12.0% 2.309 420 55.6 17.0% 2.887 595 62.7 19.0± 3.215 665 61.4 

4.0% 2.646 50 50.0 3.3% 1.764 41.3 40.0 4.0% 2.082 50 58.3 
+ + % 4.0- 1.732 50 67.0 2.7- 1.453 33.8 62.5 3.3 1.546 41.3 30.0 

1.7% 0.745 21.3 20.0 6.3% 3.180 78.8 68.4 3.0% 1.732 38.0 67.0 

LBaaed on a Mean of 3 fema1es. *p <.05 
**P( .01 

Chi-Square Ana1ysis 

30 Min. 60 Min. 90 Min. 
Exp.l Obs. 2 ~ Exp. Obs. X 2 Exp. Obs. X~ 

Vagina 366.5 345 2.523 327 300 4.459 253 202 20.561 
UV 18.0 20 0.444 25.5 32 3.314 28.5 35 2.965 

lExpected number of SCWL sperm in the 3 fema1es combined~ 

2Actual number of SCWL sperm observed in the 3 fema1es. 

\0 
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Appendix Table I. Initial fertility trials using the RIR 
and S<:.WL males and MMI fem3.les 

No. % 
Date Males No. Hens No. Eggs % Chicks White 

Inseminated Incubated Fertile Observed Chicks 

Aug.10/70 RIR 1 69 15."9 10 

Sc.wL 6 48 56.3 26 

Mixl 6 49 49.0 23 

Sept. 8/70 RIR2 7 52 44.2 19 

Mixl 8 54 24.1 13 

lEqual numbers of RIR and Sc.wL sperme 

2The RIR semen was inseminated into females showing high 
fertility in the Sept. a/70 trial. 

0 

100 

100 

0 

100 
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Appendix Table II. COmparisons of semen volume and sperm 
concentration between RIR and SCWL males. 
The RIR x SCWL males were included per-

iod~cally 

Date Breed of Volume/~..ale COnc. (x lOg/ml) 
Week Starti-ng Roosters (ml ~ 
Nov. 2, 1970 RIR .396 5.250 

SCWL .075 5.310 

Nov. 9, 1970 RIR .546 5.123 
SCWL .140 5.130 
RIR x SCWL .263 5.370 

Nov. 16, 1970 RIR .572 4.958 
SCWL .192 5.0485 
RIR x SCWL .277 5.258 

~~ov. 23, 1970 RIR .589 4.178 
SCWL .217 4.995 
RIR x SCW:L .283 5.242 

Nov. 30, 1970 RIR .567 4.0875 
SCWL .213 5.010 
RIR x SCWL .270 5.318 

Dec. 7, 1970 RIR .539 3.968 
SCWL .116 4.'995 
RIRx Sc.wL .250 5.400 

Dec. 21, 1970 RIR .561 3.960 
Sc.wL .126 5.025 
RIRx Sc.wL .264 

Jan. 4, 1971 RIR .391 4.275 
SCWL .143 5.085 
RIR x Sc.wL .171 5.225 

Jan. 18, 1971 RIR .598 4.088 
SCWL .143 5.003 
RIR x SCWL .347 5.113 

Jan. 25, 1971 RIR .475 4.007 
SCWL .109 4.775 

Feb. l, 1971 RIR .587 3.955 
SCWL .246 4.850 
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Appendix Table II (eont1d) 

Date Breed of VOlume/Male Cone. (x 109/m1) 
Week Startinq Roosters (ml ) 

Feb. 8, 1971 RIR .574 3.850 
Sc.wL .213 4.951 
RIR x SCWL .284 5.225 

Feb. 15, 1971 RIR .559 3.453 
Sc.wL .194 4.425 

Feb. 22', 1971 RIR .590 3.775 
Sc.wL •. 179 3.975 

Mar. l, 1971 RIR .591 3.825 
SCWL .236 4.125 
RIR x SCWL .289 4.875 

Mar. 15, 1971 RIR .560 3.545 
SCWL .259 3.666 

Mar. 22, 1971 RIR .535 3.805 
SCWL .186 4.225 

Mar. 29, 1971 RIR .554 3.395 
SCWL .173 4.006 
RIR x SCWL .277 4.785 

Apr. 5, 1971 RIR .573 3.835 
SCWL .141 3.765 

Apr. 19, 1971 RIR .548 3.495 
SCWL .158 3.946 

Apr. 26, 1971 RIR .563 3.785 
SCWL .204 3.550 

May 3, 1971 RIR .554 3.445 
SCWL .163 3.895 

May 10, 1971 RIR .574 3.650 
SCWL .171 3.775 
RIR x SCWL .294 4.455 
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·Appendix Table III. Ferti1ity in S CWL and RIR x SCWL fema1es 
inseminated with RIR, SCWL, and RIR x 

SCWL semen 

Males Fema1es No. No. No. 
Used Inseminated Fema1es Eqqs Fert;i.1e 

RIR SCWL 15 155 51(32.9) 

SCWL SCWL 15 153 85(55.6) 

RIR x SCWL SCWL 16 157 102(65.0) 

MDCl Sc.wL 17 178 84(47.7) 

RIR RIR x SCWL 20 193 67 (34.7 ) 

Sc.wL RIR x SCWL 18 168 91(54.2) 

RIR x SCWL RIR x SCWL 17 155 109 (70.5) 

MDCl RIR x Sc.wL 17 147 59(40.1) 

1Equa1 numbe.rs of RIR and SCWL sperme 
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Appendix Table IV. Ferti1ity of turkeys inseminated with 
turkey semen 

Days 
After A. l. 

2-8 

2-15 

2-22 

2-29 

2-8 

9-15 

16-22 

23-29 

No. 
EqQS 

38 

73 

98 

121 

38 

35 

25 

23 

No. 
Fertile (%) 

·34 (89.5) 

60(82.2) 

78(79.6) 

90(74.4) 

34 (89. 5) 

26 (74.3) 

18 (72. 0) 

12(52.2) 



Appendix Table V. Recovery of sperm from RIR x SCWL fema1es fo11owing inseminations with 
rooster, turkey and pheasant semen1 

Time Between Insemination and Sperm Recovery 
Section 

of 
Tract 

Flushcd 

30 Min. 60 Min. 90 Min. 

Semcn 
Source 

Roostcr 

Turkey 

Vagina 
UV 
Uterus 
Magnum 
Infundibulum 

Vagina 
UV 
Uterus 
Magnum 
Infundibulum 

Phcasant Vagin" 
UV 
Uterus 
Magnum 
Infundibulum 

No.sperm No.Sperm No.Sperm 
Observed No.Sperm Observed .No.Sperm Observed 

±S.E.2 Est'd. ±S.E. Est'd :S.E. 
~- _. - - . _. ---- ------ - - + .. - - - - - -- - -- + 

231.3-27.510 77,333.3 183.7-13.932 62,787 195.3-25.563 
10.0± 3.464 350.0 8.7± 1.667 303.3 19.3± 2.848 

1.3± 0.667 16.7 2.0± 1.000 25.3 3.0± 1.000 
0.3± 0.333 5.0 2.0± 0.577 25.3 0.7± 0.333 

285.0±33.292 96,900.0 217.3±25.887 73,893.3223.3± 8.838 
12.3I 2.963 431.7 11. 0±2. 082 385.0 16.7± 2.333 
4.0±l.l55 50.0 4.0±0.000 50.0 3.3± 1.763 
2.7±0.882 164.7 1. 7 I O.882 21. 0 2.0i 1.155 
2.0±1.l55 25.0 2.3 i O.667 27.7 5.3± 2.667 

204.3±20.342 69,473.3 208.7±20.003 70,946.7209. 7±12. 032 
11.3± 2.603 396.7 13.3± 1.764 466.7 14.3± 1.856 
3.3 I 0.667 41.7 1. 7 I 0.882 21. 0 2.3 I 0.882 

+ 1. 7- 1. 201 21. 0 1. 7± 0.667 21. 0 + 1. 7- 0.882 
1. 3I 0.667 16.7 2.3± 1. 201 29.3 4.3± 1. 041 

Isperm cclI numbers were kept equal per insemination. 

20bscrv"tions bascd on a mean of 3 birds. 

No.Sperm 
Est'd 

65,900 
676.7 
37.7 
8.3 

75,933.3 
583.3 

41.7 
25.0 
66.7 

71,286.7 
501. 7 

29.7 
21. 0 
54.3 

..... 
'" '" 


