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~RTlrICI~L INSF.MINATION AND SEMEN 
PROOUCTION OF THE AMERICAN RESTREL 

In ord@r ta atudy th. pr~cticAbility of artificlal 

inaeminatian (AI) in br~.ding ~rd. of prey, ft cornpariaon 
waa made betwecn'AI and natural mating ln non-irnprinted 
American K •• trels cralco Iparverius). Sixt •• n pairs wer. 
ua.d in 1914, ei~ht of which wero naturally mated, and 30 .. 
pair. were uaed in 1915, 12 of which wero naturally rnated. 

The fertility and hatchabllity of e9g1 from AI and 
natural mating wero highly ·comparable. The mean duration 

of f~rtility in the females wa. 8.1 day •• 
In 1975 the meAn duration of sem&n production for 

,. 

17 male. waa 74 days, beginninq on March 19. In 17 male., 

the mean semen volume was l4~1; the mean .perm concentra­
tion, l2,400/n'.m3 ; the mean .perm count per ejaculat., 411,5001 

the mean motility acore, 78': the mesn contamination with 
-; 

epithelial debris and urates, 68\, and the mesn .emen colour, 
very pale to pale amber. 

The followinq aiqnificant correlation. were foundr 
age with semon volume (0.57) and sperm CQunt per ejaculate 
(0.49) 1 body weight with .perm concentration (0.49) and .perm 
coun~ per ejaculate (0.62) J eqg fertility with sperm count 
per ejaculate (0.65); .perm concentration with sperm count 
per ejaculate (0.65) and sperm motility (0.59): sperm 
motility with .perm count per ejaculate (0.67) J and per cent 
succesatul massages with •• men volume (-0.51). 
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M.Sc. David M. Sird 

INSEMINATICN M'l'IFICI . ET PRCDU:T~ DE 
SE:M!N:E OŒZ lE F'~:c:ljIOŒD::RF.I.U: 0' 1IMl:RICllF. 

Reuouroa. 
IW'Iouvelahl •• 

l 'in.&ùnat!a'1 artificielle àlez 1 •• 

rapaceL'; roua AV01a t'tabli, z de. c~lo. d' Arrtirique (Fa1c:o ~ 

verius), une ~aillOl"l mtl't' lIccouplemmtll naturel. et dos accouplC!t-
" n'Onts Pftr inll&nination artificiello (~). L '~tudo, en 1974, a po~ sur 

16 paires, dont 8 lIcc::oupl&.s natUI't'llernant, et, en 1975, .ur 30 pair:t's, 

dont 12 ac:coupl6e8 natùl"cllemmt • 

J te. deux rrodOR d' -acooupl~t ont donn('\ des rf.ul tata trt. SC!ITr-

blable. du l'Oint de ~ fertili~ et klORion. LI\ d\.~ rroyEll'U'lQ do la for­

tili~ de la famel1~ a ~tf ~lule ~ 8.1 jours. 

En 1975, la f'tlrioda dE' production d(\ 19ft1'01œ de 17 ~10. Il durf.\ en 

nnyenne 74 jours, ai-Ns avoir ~u~ 1(' 19 mars. C:h~n ces mSlo~, nous a\lOn' 

Obtenu 108 donn6es suivantelt volll''G noya, de l '~jl\culat, 14~1 i caicentra­

tioo ncyen.nt' de spertMtoOO'ideR, r32, 400,lnm~: n<:JTbre roY"~ d(! RpermatoilOldea 

par ~jaculat, 477,500: parani)t..! lT'Oyul de nntili~, 7B~1 taux nnyen de con-
1 

t:am.inlItion E1l\r dtbris 6pi~1il\ux ou IIciœ urique, 68~; rt OOtùeur de la 

stlf\"IM'lœ, ~ tria pile A pile. 
1 

Les comlatiooa suivantes ont ~~ el!lt~s siqni!icati 'MI: l'Age 

avec le volUte de l '6jaculat (0.57): l'Sqe avec 10 ~1"(' de IIlX'nTIIlto:rn'idea 

par ~jaculat (0.49); le poi<3s roqore.l avec- la CXX'Icentratioo d(' sf1'Im!ltD­

zo'ides (0.49) et le narbre de spermatorol&s par ~jaculat (0.62) 1 la fer­

tili~ avec le narbre de S~I1M.tnzo'ide8 par ~jacul.i\t )0.65) r la CX)r'\centratioo 

de lpenM.tO:rn'idea avec le rarbre de 8penna~o7JOlde. par 6jaculat (0.65) et 

avec la rrotili ~ (0.59): la rotill ti\ avec ~e l'OTbn dl! apemetollO'ides par 

6jacul.at (0.67); et le pourcentage de collectes fructueusos avec le vol\.lœ 

de aananoe (-0.51). 
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1. l NTRbDUCTI ON 

Dec1ining world populations of birds of prey, most 

notably the Peregrine Falcon (Falco peregrinus) and Bald 
\ 

Eagle (Aaliaeetus leucocephalus) have been attributed to 
, 

poisoning and reproductive failure through man's widespread 

use of organochlorine insecticides <Fyf~~ al, 1969: 

Hickey, 1969; Enderson and Berger, 1970; Temple, 1972). As 

an emergency conservation measure, many efforts to breed 

raptors in captivity have been inaugurated throughout .ne 

wor1d. 

Success in obtaining fertile eggs from many species, 

however, has been limited and severa1 researcher~ have 
> "i: 

turned to artificial insemination as a possible solution 
~ . . 

(Berry, 1972; Temple, 1972; Corten, 1973; Grier, 1?73). 

Since-the above approach was based upon the USé of birds 

sexua~ly imprinted on man, the work reported in this thesis 
1 

was undertaken to compare the practicability of forced 

artificial insemination ang natura1 mating in capt~ve non­

imprinted birds of prey. The period of semen production 

and the factors inf1uencing 'semen prQduction were also 

examined. 

This study is a1so part of a program at ~he Mac­

donald Raptor Research Centre designed to investigate the 
1 

reprOductive physiology of raptori~l birds. Due to its 

abundance in nàture, ease of management and willinqness 

ri 

• 

, 
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to breed in captivity, the American KestreL (Falco spar­

!veriUS) was chosen as the subject for these experiments. 
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2. REVIEW~OF LITERATURE 

2.1. ApplicAtion of Artificial Insemination Techniques 

2.1.1. Cooperative and Forced Techn~ques of Artificial 

Insemination 

The literature concerning artificial insemination 
, 

in birds of prey is extremely seant. Only recently_ with 

the advent of captive breedinq to restore ~windling wild 
1 

stocks has this practice been extended to raptorial birds. 

Artificial insemination (AI) in avian species can 

generally be categorized as either cooperative AI or 

forced, massage AI. The firstt method involves the use 

of imprinted birds conditioned to accept man as a potential 

~reeding mate. Semen is freely ejaculated in a copula tory 

1 
P';~ ~- " . 
l ' :.f . .. 

fashion by a stimulated male onte the handler's appendaqes. 
; , . 

The cellected semen is then deposited into the vagina of 

a receptive imprinted female. No physlcal restraint is 

required in ei ther "the collection or insemina tion proceN. 

Limited success with this method has been achieved with 

Red-tailed Ha'1.ks (Buteo jamaicensis) (Temple, 1972), 
\ 

American Goshawks (Accipitet gentilis) (Berry, 1972), Golden 

Eagles (Aquila chrysaëtos) (Grier, 1973) and prairie Falcons 

(Falco mexican~) (L. Boyd, unpublished data). 
1 

Forced, massage AI unti1 i recent1y has been mainly 
1 
1 

" 
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restricted to dornestic~ted birds. To date, the b~st method 

for AI of fowls appears to be th~t perfected by Burrows and 

Quinn (1935, 1937) and Q~inn and Burrows (1936). This 

re1ativcly'~nexpensi~e and harm1ess method inc1udes the 

stimulation of the abdomen and vent by physical.manipulation 

tOibrinq about cjaculation and subsequent 'mi1king' of the 

bulbous duets or vasa deferentia~ It has sinc~ been 

appl ied to 'turkeys (Burrows a.nd Quinn, 1937 i BU~WS and 

Marsden, 1938) and successfu11y adapted for ducks, peacocks, 

finches, canaries (Bonadonna, 1939), piqeons and doves (Owen, 

1941) , geesc (Johns-on, 1954), quail (Wentworth l!Ind Me11e~ 

1963) and pheasants (Smyth, 1968). 

With reqard to birds of prey, on1y limited success 

with thi~ procedure has been attaineè with pereqrine Falèbns 
1 

(Maatsch and Beyerbach, 1971) and goshawks (Corten, 1973). 

Recent successes in Bolland in obtaining sperm from severa1 

spee~es of cagles, falcons and hawks have 1ed C~ten (1974) 

to conclude that the massage technique developed by Burrows 

and Quinn (1935, 1937) 1S "suitable for obta~ning sperm from 

aIl diurnal birds .of prey, ev~n under 'forced' conditions". 

2.1.2. Time of Insemination 

It is qenerally agreed ampng raptor researchers 

that the optimal time for invo1untary insemination during 

the laying sequence is right after an oviposition (Griet 

et al, 1972; Corten, 1973; Grier, 1973). It has been 

possible however, to inseminate goshawks successfully 

~ ....... , , ..... 
, , 

l ': 

4 

1 

• 
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four days prior to egg-1ayinq with cooperative AI (Berry, 

1972), and Corten (1973) recommend~d inseminating qoshawks 

forty-eight hours prior to the first oviposition. In fow1, , 

many researchers agrJe that the presence of a hard-shel1ed 

egg in t~e oviduct reduccs fertility (Moore and Dyer1y, 

1942; Malstrom, 1943: Park~r, 1945; wyne et al, 19SQ: 

Bornstein et 801,1960: Smyth, 196B), ~hi1eJothen; feel that 

a membranous or soft-she11ed eqg ~ctua11y enhances fertility 

(Malstrom, 1943;.Parker, 1945: Johnston and Parker, 1970) 

as we11 as hatchability (Parker, 1945). Other reports, 

however, indicate that the presence of hard-she11ed egqs 

is not detrimenta1 to ferti1ity (Parker and Arscott, 1965: 

Marks and Lepore, 1965; Lepore~nd Marks, 1966; Huqhes and 

Parker, 1970; Howarth, 1971. On1y one researcher describcd 
1 

a decrease in fertility by the presence of an eqg in the 

magnum (Howarth, 1971). Hughes and Parker (1970) feel thôt 
\ 

posterior pituitary hormones involvcd in oviposition may 

be partially responsib1e for the reduced fertility pbtained 

from Insemination near the time of 1ay. 

2.1.3. Onset and Duration of Fertility 

Grier et al (1972) suggested that the duration of 

fertility in birds of prey is at least seven days. Thus 

they recommended either weekly inseminations or a single 

Insemination after the first oviposition to ferti1ize the 

rest of the c1utch. The duration of ferti1ity in goshawks 

is at 1east· four days (Berry, 1972). Grier (1973) obtained 

fro~a Golden Eag1e one fertile egg laid nine days after AI 



( 

and Fessner (1970) obt~ned in reregrin~s a f~rtil~ first 

egg of 3 second clutch 10 d~ys ~fter AI. Sinc~ Grier 

(1973) su@gested that the hand1ing of his bird for the AI 

might have interfer~d with oV~~ion [1 suggcst that this 

handlinq miqht ha'~ interfered with ovip~,ition and not 

ovulation], it is thcrefor(' possible in thesc latter two 
• c. 

casrs that the eggs miqht haV(' been fertilized much éarlier 

6 

and simply !leld in the uterus for an abnormally long period. 

Smyth (1968) sun~arizcd the average duration of 

fertility in chickens to be 10 to 13 days, pheasants, 20.5 

days, and turkeys, 40 to 50 days. He then suggested that 

ins~minations shou1d be p('rformed every 7 days in chickens, 

10 to 12 days in pheasants, and in turkeys at a four week 

interva1 at the beqinninq of 1ay and at shorter intervals 

as laying continued. The duration of ferti1ity in quai1 

l S reported to be 4 to 5 days (Wentworth and Me 11en, 1963), 

in geese, 9.7 days (Johnson, 1954; Kinney and Burger, 1960), 

in ducks, 8 days (Watanabe and Suqimori, 1957), and in 

pigeons and doves, also 8 days (Owen, 1941). 

Sperm storage glands for spermatozoa have been 

located in the dViduct of chickens (Bobr et al, 1962), 

turkeys (Verma and Cherms, 1964), and pheasants and Coturnix 
1 

quai1s (J. J. Makos III in Smyth, 1968). 

No observations have been pub1ished on the presence 
~ 

of sperm storage glands in raptors. A report of 500 to 

600 copulations for the insemination of one clutch of 90s­

hawk eg9s in the wild (Holstein, 1941 in Corten, \1973) 

• 

1 
, 
" î ' 
4 
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led Corten (1973) to suqgest the absence of any sperrnhost 

glands in this species. 

Most of the first eg~s after the first insemination 

are too developed to be fertilized (Smyth, 1968). Both 

Crew (1926) and Dunn (1927) agreed that fertile chicken 

eggs are rarely obtained on the first day followinq mating, 

but fertility is well estab1ished by the second day. Resu1ts 

!ofIh , k b l h l th vary on t e tlmc ta en y spermatozoa to trave t e eng 

of the chicken oviduct. Fifteen minutes (Howarth, 1971) 

and one hour (A11~ and Griqg, 1957) have been observed 

after intravaqinal insemination. Mirnura (1941) reported 

that two to four hours after intravaginal insemination, 

sperm still had not passed the uterus. Spermatozoa intro-

duced by intrauterine insemination reach the infundibulum 

in 15 minutes or less (Allen and Grigg, 1957: Donovan et al, 

1969) . 

2.2. Factors Affecting Semen Production 

It has become increasingly evident that sernen produc-

tion in avian species is contro11ed by a combination of 

factors. In the last five decades, a great deal of research 

was devoted to determine the relative significance of factors 

such as seasona1 variation, photoperiod, weather, age, weight, 

nutrition and others. 

2.2.1. Influence of age 

The age of ~ale Arnerican Kestrels should not prove to 

be overly important in influencing the onset of sperm produc-

tion in the first year, as one-year old birds of this species 

.... __ ..-~ __ R ___ """" .. 

• ' il" .-.. 
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are very capable of fertilizing eggs (Porter and Wiemeyer, 

1970). Burrows and Titus (1939) found nO,qreat differences 

in semen production in cocks as compared to cockerels after ~ 

the latter reached tbe 

it was sligh-tly highe-r 

stag~'ë~ full production. In fact, 
·1 ' .. 

for the êÔcKjrels. However, at • 
lcast two n'search groups have .reported cl high percentage of .. 
abnorrnalitlcs in ~~spcrmatozoa of younq cockerels (Sampson 

and Warren, 1939; Van Drimzl1clln, 1951). Conversely, in-

creasing age may have soma influence, as Corten (1974) péint-

. ed out that one tiercel qoshawk produced semen in the latter 

• 
half of May when, ln earlier ye~rs, the bird had ceased by 

that time. Pcnquite ~ al (1930) found that White Leqhorn 

males 1n their second year were less active and produced 

less sperm with more vari~bility in sperm numbers. Carson 

et al (1955a) observed less semen production in two-year 

old turkeys hatched in 1948. Also of 1nterest is the claim 

by Lorenz and Lerner (1946) that age at first semen produc­

tion is innerited in bath chickens and turkeys. 

2.2.2. Effect of body weiqht 
1 

A slight tendency for semen yield to be correlated 

within species with body weight was noted by Penquite et al 

(1930), but numerous exceptions were presented. This 1S in 

agreement with the observations by Hartmann and Gleichauf 

(1974), who found that, on the average, the heaviest cocks 

produced the largest ejaculates and the lowest sperm con-

centrations. Grier et al (1972) mentioned in their review 

of AI in birds of prey that aIl of their birds had heavy 

body weights at breeding time but, with their small sample 

--~_._._--
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size, they were not able to experiment ~ith semen production . 

2.2.3. Individual Variability 
/ 

Individual variabllitl rnay play a role in affectinq 

semen production, as, Carson et al (1955b) observed consider-

.able variation in the .!lmount of semen produced by different 

male turkeys. McCartney (1956) on the other hand found no 

significant differences between toms for semen volume, sperm 
• 

motility, pH or sperm concentration, but did for total sperm 
• 

number per ejAcul.!lte. Of sorne interest here is the finding 

tha t a direct qenetic cor.:lrela tion may exist between semen 

production in a male fowl and egg production of his sisters 

and offspring (Jones and Lamoreux 1942 in Van Drimmelin, 

1 1951) . 

2.2.4. Time of Year 

Seasonal production of avian semen under natura1 

lighting conditions has been demonstrated in chickens (Parker 

/ 

and McSpadden, 1943), turkeys (Carson et al, 195~a), and 

starlings (Sturnus vulgaris) (Bissonnette, 1930 in Bisson-

nette and Wadlund, 1932). Semen production in chickens 

'has been observed by Parker and McSpadden (1943) to peak 

in April and May while in turkeys Carson et al (1955a) 
'7 1 --

found maximum production from 'Ie'~ruar~ un'til June and July. 

• 
With regard to the influence of season on sernen production, 

one must exercise caution to avoid confounding this vari­

able with photoperi~d, a factor to be discussed in the 
, , 

next section. 

The use of AI has onl~ recently made it possible to 
" 

study semen production in birds of prey. Grier (1973) 

• 
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~ 
reported the duration of semen production in two of his 

Golden Eag1cs to be 70 and 111 days, but qave no info.rmation 

o"iPates of commencement anf termination of this production. 

A goshawk, according to Berry (1972),. attempted copula tians 

over 36 and 49 day peri~ds beginning on April 2 and March 

.22 respectively. Berry added that semen production was 

close1y synchronized with egg-laying. 8ird and Laguë (in 

press) noted copu1ater~ behaviour in captive American 

Rough-legged Hawks (BU~~9 lagopus) from May 13 to early 

JuIl'. Corten,-U973) co11ected sperm from his goshawks 

from March 14 until sorne tlme in May. The fol1owing year 

however, the same birds.produced no sperm unti1 the second 

half of April (Corten, 19(4). 

2.2.5. Influence of Photoperiod 

The importance of photoperiod on gonadal cycles ln 

birds has been discussed by Bissonnette (1936), Rowan (1938), 

Farn'er (1959), Wo1fson (1959) and Schwab (19,0). Bissonnette 

(1931) found that increased daily light periods caused an 

increase in spermatogenic actlvity in starlings and 

Lamoreux (1943) concluded that at 1east 12 hours of daily .' {!j 

1ight were required to stimulate effectively semen produc-

tion in fow1s. Exposure of adult male chickens to less tha~ 

natural light did not lncrease semen volume and number of 

sperm per ejaculate, but caused sorne deterioration in qua1ity. 

Sixteen hours of light however, caused an improvement in 

semen qua1ity and quantity (Bonadonna and Pozzi, 1955; 
" . 

Bajpai, 1963)<:\ In contrast, Parker and McCluskey (1964) 

found no significant effect on volume or fertilizing capacity 

,1 
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of fowl semûn by single daily liqht periods of l, 3, 9 or 

13 heurs. At present there is no available information 

regarding the effects of photoperiod on semen production 

in birds of prey, al theugh Nillouqhby a~~.;"'~de (196-4) 

showed thE.' importanc''e of this stimulatory factor on e<Jg-

1aying in American Kestrels. 

2.2.6. Effects of Weather 

Il 

The dependence of sperm p~oduction on weather ~ondi-

tions has been little ~tudied. Bissonnette (1931) concluded 

that temperature and barometrlc pressure were not control-

l~ng factors ln conditioninq sexual chanoes during his 

photoper iod experiments on star 1 ingR. Wheeler and Andrews 
l' 

(1943) observed no effects on semen product ion in fowl by 

maintaining ertificially high or low temperatures. As 

further evidence, Willouqhby and Cade (1964) were able to 

i~duce laying of fertile egqs by American Kestrels during 

the winter months, regardless of temperature, by the manipu­
",.. 

1ation of the photoperiod. 

2.2.7. Influence of Management of Males 

It has been recommended with pigeons and doves (Owen, 

1941), and fowl (Burrows and Quinn, 1937) that males to be 

used for AI should be kept in separate quarters. Bath Owen 

(1941) and Burrows and Quinn (1937) found that keeping 

males together in large pens or ma ted wi t:h females re'sul ted 
• 

in regu1ar ejaculations, but small yields. Conversely, 

Lorenz et al (1956) found semen production ofmated birds 

not to differ signit"icantly from that of non-matèd birds 

in either volume or concentration. If intervals of 
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\ 

collect~on exceeded one week however, yie1ds decreased. 

Little attention has been paid to the effect of 
• 

~~~ck of exercifôe bl' ho1d~ng AI males ~n small quarters. 

Rowan t1928) concl'uded from his work on Slate-coloured 

• Junc0s (Junco hyemalis) that exerc~se resulted in testis 

/ 

development ~n b~rds. Bissonnette (1931) observed that • 

add~t~onal exerc~se did not l.ncrease the sFe.rmatogen~c ac­

tl.vity in male starll.ngs. Ne~ther reported though, on the 

'effects of lack of exercise on spermatogenl.c activity. 

2.Q.8. Influence of Nutritl.on 

Grier et al -. - (1972) bell.eve nU~l.tl.on to be'l.mportant 

for semen qua11 ty .. They recoJl1IT'end for bl.rds of p.rey under-

goin0 AI a diet of fresh or frozen whole an1ma1s, access to 

direct sunll.ght and posslble vitam1n supple~ents. Although 

Smyth (1968) reported no conclusive .evidence of the effects 

of Ca and P on semen productlon, recent ~rk.by Molnar et al 

(1971) and Kovacs (1973) show a marked 1ncrease ~n sperm 

concentration and sperIf. viabil~tl' in ganders fed a h~gh 

calcium diet. In add~tion, Kovaqs (1973) obtained increased 

sperm concentrat~on and e'jacu1ate volume wlth lncreased 

dietary phosphorus. The~r results differ however, with 

respe~t ~o the effect of the Ca:P rat~o, the former observ-
~ ..,.,.---..--......-.... 

~ng a decrease i~eJaculate volume w~tf a 'ratio .greater 

than one and the latter believing the ratio not, ta be of 
, ' 

pr~ma+y importance . 
• 

1 

2.2.9. Effect of Frequency of Collection 

That the volume of fow1 semen produced dirninishes .... 
with,ao inèrease in frequency'of collection has been shown 

----~ . 
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by manyworkers (Penqu1te et al, 1930; Sampson and Warren, 

1939; Lorenz et al, 1955; McCartney et al, 1958; Nestor 

and Brown, 1971). Temple ln Grler et al (1972) pointed 

out that he obtained lesser volumes of e)acu1ate from a 
, 

Red-talled Hawk wlth more frequent collections. Corten 

(1973) found that daily harvestlng of g~shawk sperm did 

not appJar to be detrimental to semen quality. Although 

plgeons can be ejaculated several times in a day, Owen 

" (1941) reported that regular col1ectlons more than once a 

day caused the male to become asper~ic. Although male 

b1rds usually produce greater amounts of semen after a 

tralning period (Mc~artney, 19~6), the above evidence 

1ndlcates a' minirnurrt and a maximum frequency o~ collection 

that appears to vary with species. Smyth (1968) concluded 

that healthy male chickens can be ejaculated three times 

weekly o~er extended periods of time without any apparent , 

decrease,in volumé or fertility. Collections from turkey 

13 

toms can be made as fréquent as two-day to weekly intervals 

without affecting the yieid (Lorenz et al, ,1955). In contrast, 

Nestor and Brown (197l) noted that not two-day but three to 

four-daJ ïntervals resulted in greater sernen volume and num-

ber of sperm per ejaculate and McCartney et al (1958) found 

that semen vflume decrea~ed gr1dUally as the frequency of 

collection was increa,sed from i to 5 successive days. 
~ . 

2.3. Relationship of Sernen CharactertStics with Fertility and 1 

Hatchability J 

Much research has been done to correlate semen char-

<\ 

\ 
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acteristics wi~~ertility and hatchability. This wauld 

hopefully enable breeders to evaluate and predict the re-
, , 

productlve performance of male birds. The characterist'ics 
• • 

14 

to be di~cussed' in the following paragnçhs include motility 

of spermatozoa, duration of motility under storage condi-

tions, spermatozoa concentration and counts, semen volume, 
, 

visua1 appearance, amount of contamination and per cent. 

abnormal spermatozoa. 

Grier et al (1972) conclude i~ their report on AI 
-

of raptors that the best semen is "a swarming mass of very 

active, fully developed ~otile sperm. poorer semen is less 

dense with sperm, contains re1atively non-motile or slowly 

moving sperm, and may contain more abnorrnally-shaped sperrn. n 

With respect tD fow1, many researchers have found a posltive 

correlation between motility and fertility (Shaffner and 

Andrews~ 1948; Allen and Champion, 1955; Cooper and Rowe11, 

1958: McDaniel and Craig, 1959, 1962; Kamar, 1960; Smyth, 

196~ Kammerer et al, 1972; Myrnrin et al, 1972; Kamar and 

Razik, 1973). Others have found no evidence of this rela-

tionship (McCartney, 1956; Grosse, 1957 in McDaniel and 

Craig, 1962; Boone and Huston, 1963). Kamar (1960) and 

Kamar and Razik (1973) further define a relationship between 

rnoti1ity anf hatchability. The 'evidence in favour of at 

least a correlation between motility and fertility have 

led Cooper and Rowell (195~), McDaniel and Craig (1962), 

Srnyth (1968), and Kammerer et al (1912) to conclude that 

motility'is a relatively effective predictor of fe~tilizing 

capacity. 

"II 
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Durat~on of motility under storage conditions is 

yet another criteria for evaluating semen gua1ity. It 

is necessary however, f~rst to determine those conditions 

under which semen can be stored without excessive ~mpair-

ment. As reported by Warren and Gish (1943) for poultry, 
11 

Grier et al (1972) recornrnend a storage temperature of 4.4 

o to 10.0 C for hawk semen. No mention is made regarding 

a suitable diluent. Semen from a Golden Eagle stored in 

a glass vial for up to 3! hours showed no visible decrease 

in estimated percent motility (Grier, 1973). Corten (1973) 

reported good mot~lity ~n his goshawk sernen karnples stored 

for 3 hours at lSle in Heythusen diluent no. l' Further­

more, he observed life for as long as 24 hours, but with 

very low moti1ity. This temperature coïncides reasonably 

weIl with that reported for fowl by Hunsaker et al (19S6~. 

Garren and Shaffner (1952) also recommend graduaI tempera-

ture changes to avoid shock to spermatozoa. 

Sorne fowl researchers main tain the existence of an 

association between semen volume and fertility (Karnar, 

1960; Kamar and Razik, 1973), but many found no evidence 

lS 

for this re1ationship (Shaffner and Andrews, 1948; McCartney, 

1956; Boone an~ Huston, 1963; Srnyth, 1968; Hartmann and 

Gleichauf, 1974). Recent ~ork shows no agreement on a 

correlation between semen volume and hatchability (Myrnrin 

et al, 1972; Kamar and Razik, 1973). • 

Shaffner and Andrews (1948), McÇartney (1956) and 

Boone and Huston (1963) failed to report any association 

between concentration of spermatozoa and ferti1ity. In 

\ 
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16 
contrast, several other researchers, ~e majority in recent 

years, have recorded a slgnificant cqrrelation in this 

regard (Cooper and Rowell, 1958; Kamar, 1960; ~yrnrin et al, 

1972; Kamar and Razlk, 1973; Hartmann and Glelchauf, 1974). 

AS yet, no evidence exists to discount a possible ~elation-
, 

ship between co~centratlon of spermatozoa and hatchability 

(Kamar, 1960; Kamar and Razik, 1973). According to Munro 

<r 

(1938), there exists a minimum nurnber of spermatozoa for 

fertilization. The lower the concentration of sperm in 

the' semen, the larger is the volume of ejaculate required 

for an insemination wlth optimum chance of success, 

Grier et ~l (1972) described hawk semen as a "clearer 

fluid, appearing somewhat like a drop of concentrated 'lernon 

juice' which b~came cloudier wi th increased nfunbers of spenn". 

Corten (1973) reported that goshawk semen is clear watery 

to milky viscous. In White Leghorn chickens, McDaniel and 

Craig (1959) found semen appearance s~s to be~significantlY 
associated with fertility. Later work by the,se researchers 

showed no such relation in two strains of chickens (McDaniel ;, 
and Craig, 1962). Saeki and Brown (1962) found a correla-

tion between col our of turkey semen, numbers of crooked-neck 

sperm and decreasing fertility. Brown and ~raham (1971) rated 

visually the appearance of turkey semen with scores from 1 

~0~3 ba~~ subject~vely on colour, volume and density. The 

discovery of a highly significant correlation between se~en 

quality and fertility led these researchers to claim that 

visual ratings are acceptable for selecting high quality 

semen. 'i\ 

1 
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With respect to sperm counts, sampson1and Warren 

(1939) founi indications that these are not ~ very actJrate 

means of detection of males w1th poor fert1lity. Recent 

work by Hartmann and G1eichauf (1974) a1so showed the 

non-existence of a re1ationsh1p between sperm counts and 

fert111ty. 

Corten (1973) usually found in qoshawk semen con-

tamination by faeces, urine, blood and various other un-
I 

1 

described exudates from the clo,èa and pointed out that 

too much of these contaminants can be detrimental to the 

surviva1 of the spermatozoa. In s,ickens, as 1ittle as 

1% fecal,~ontamination is apparently deleterious to 

motility and vigour of spermafozoa as weil as fertility 

(Boone ~nd Hughes, 19701. Immed1ate insemination however, 

of semen contaminated W1~~ '''White chalky urates likely does 

not reduce the fertiliz1ng capacity of the spermatozoa 

(Smyth, 1968). 

To enable an assessment of percentage abnormal 

spermatozoa in ~redicting semen values, one must have 

prior knowleQge of the differences between normal and abnormal 

spermatozoa. Heads of falcon\,spermatozoa have been described 
\ 

by Corten (1973, 1974) to?e somewhat rod-shaped with the 

acrosome broader and less pointed. The ~permatozoa from 

falcons are apparently the sam~ size as those of goshawks; 

the heads being l2.S/-,m, the tails 50.0flm, and the total 
( 

1ength ranging from 62.5 to 70.0~m (Corten, 1974). No 

descriptions of abnormal spermatozoa have been reported 

for raptorial birds. The major abnormalities found in 
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poultry sperm are absence of tails, coiled tailS/blunted 

heads w~th less freguent occurrences of short a~ broken 

heads, small 'lmmature sizes and extreme clumping of their 

numbers (Sampson and Warren, 1939). Bajpai (1963) also 

noted abnormally elangatetl heads. A negative correlation 

between percent abnormal spermatozoa and fertility has 

been est-abhshed by Allen and Champion (1955) and Saek i tt 

(1960), while Kamar (1960) dld not find such a relationship. 

Other aspects of the relationships between the afore-

mentioned semen characterlstics should be included ta eluci-
~ . 

date further upon the importance of these characteristics. 

McDan~el and Cral.g (1959) and Mymrin et al (1972) found a 

slgniflcant posltlve correlation between motility of fowl 

spermatozoa and semen volume, as weIl as between motility 

and concentratlon of spermatozoa. A neqative correlatlon 

between motility of spermatozoa and the percent abnormat 

spermatozoa ln fowl has been recorded by Allen and Champion 

(1955). Final1y, a relationship between motllity and visual 

appearance subjectively based on colour, density and volume 

has been reported ln turkeys (Brown and Graham, 1971). A 

" 
positive correlation (McDaniel and Craig, i959; Mymrin 

et al, 1972) as weIl as a ne~ative one (Carson et al, 1955b) 

haVe been shown between semen volume and concentration of 

spermatozoa in poultry. Nishiyama et al (1971) found con-
- -1 

centration of fowl spermatozoa to have a highly significant . , 
effect on sperm 1ifespan, lifespan and motility being 

~ 

greatest at low concentrations and lowest at high concentra-

tions. 
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3. SPECIFIC,STATEMENT OF PROBLEM 

cA ,. 
The increased interest in the practice ol artificial 

insemination by raptor breeders to improve the reproductive 

efficiency of their birds has met with many unanswered prob-

lems. These problems must be solved in order to increase 

the efficiency of artificial breeding and to make sound 

recommendations to breeders employing this practice in .. 
their breeding program. 

The objects of this thesis are: 

1. To de scribe a method of semen'cèllection and insemina-

tion in small fal6onl. 

2. To present data to ass~ss the value of the above 

techniques: 

3. To de termine the period of semen production in male 

American Kestrels and factors affecting semen production . 
• 

4. To determine the duration of fertility in female American 

kestrels. 
\ 

5. To relate several semen characteristics with fertility 

and hatchability. 
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4. MATE RIALS AND METHODS 

4.1. Source of Birds 
c 

The original colony,was established in 1973 by ob-

.tainLng 10 pairs of kestrels from zoos and ne~ts in the 

• 11 i 
Montreal area. In 1974 the.colony was ex~ended to 16 pairs 

consistLng of the original 10 pairs, their progeny and sev-

eral orphaned nestlings from nests in the VicinijY of 

Montreal. The progeny from the 16 pairs, both hand-reared 

and parent-raised, and several more -orphaned bird~ were 

incorporated into the colony to increase the number to 30 

pairs in 1975. To prevent inbreeding, at no time prior to 

and during the experimentation were related matings permitted. 

Otherwise, aIl birds were chosen randomly for mating, such 

that each pair consisted of a yearling and an oider bird. 

4.2. Housing and Management 

In 1974, with the exception of a brief period of . .. 
visual isolation in cage~ 0.5 x 0.3 x 0.3 m (L x W x H) for , 
sorne males, aIl males to be used for AI were tethered on 

blocks in falconer's fashion in a sanded room 6.~x 6.6 x 

2.5 m (Fig. 1). In 1975, aIl males were kept in Aspenite 

box cages measuring 0.7 x 0.7 x 0.7 m with .25 cm nylon mesh 

on one side (Fig. 2). For the most part they were kept 

three to a cage. This was decreased to two per cage wi~h 
\ 

the addition of two mote cages ~n May 17. 

" 
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Figure 1. AI kestrel males tethered in falconer's 

fashion in 1~74. 
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Figure 2. Box cages which housed the AI kestrel 
males in 1975. 
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Pa~red birds and single'AI females were caged under 

~ne of two different conditions, that of v~sual isolation or 
) 

exposure to~other birds. Visual isolation was achieved by 

plac1nç the bird(s) in pens 2.7 x 1.5 x 2.5 ~ with insulated 

Aspen1te walls, a window of 2.5 cm wire grid measur~ng 

1.5 x 1.3 ru (W x H) and a sanded floor (Fig. 3). Exposur~ 

to other birds was achieved 1n a cluster of eight pens of 

similar size as those above built 1nto a sanded room 

6.6 x 6.6 x 2.5 IT' (Fig. 4). The n"ain difference here was 

that aIl inner walls conslsted of .25 c~ ny10n mesh. AlI 

pens conta1ned suitable perches, a small shelf and one nest- <' 

box measuring 25.4 x 25.4 x 45.7 Cn" with a hole .76 cm in 

dlameter placed 2 IT' above floor. AlI birds were kept under 

natural l~ghting conditions. 

The diet consisted main1y of frozen-thawed day-old 

chicks with occasional feedings of f~ozen-thawed àdult mice. 
, - 1 

In 1975 on1y, the day-old chicks were ro11ed in bonemeal 

to supplement calcium and phosphorus ln aIl birds and every· 

five days SA-37 (Rogar-STB Division of BTI Products Inc.,! 

Montreal, Quebec) v1tamin supplements were also added. Bath-

water was supplied regularly to aIl blrds in the warmer months. 

Just prior to their introduction into thelr respective 

pens, aIl birds wer~ weiahed. In 1974 and 1975, the males 
\ 

were placed in their pens in the first week of March and 

the fema1es introduced one week later. 

4.3. Experimental Design 

In 1974, 32 birds were used ~n th~ studies: 8 control 

or naturally mated (NM) pairs, and B AI females and B AI 

• 
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Figure 3. An isolated pen which housea either a 
kestrel pair or a single AI female. 
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Several exposed pens Wh1Ch housed kestrel 
pairs and single AI females. 
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males. One-half of the control ,pairs and one-half of the 
lb 

AI females were kept in isoiated quarters and the test in 

the exposed c1uster pens. 

In 1975 the pample Slze was'increased to 60 blrds, , 
/ 

24 bf which made up l~ NM pairs. Six pairs were assigned 
, 

to l.solated pens and the rernai'ning six to exposed pens. 

The remainlng 36 birds were divided as 18 AI females and 
• 

18 AI males. El.ght of the AI females were placed in 

isolated pens and la asslgned to e~posed pen~. The flrst 

12 AI fem~les ta lay eggs were inc1uded in the comparative 

study between AI, and NM, whlle any other slngle 'fema1es 
)1 

1aylng eggs were tested for duration of fe~tility. 

4.4. Incubation Practices 

26 

Nestboxes were examined once a day prio~ to the onset 

of egg-Iaylng after which they were inspected three times a 

day. Records were kept of laylng times. The date lald and 

the, pen number were marked on aIL eggs with a graphite 

pencd.' In 1974 , the whole flrst clutch of al! laying 

females was removed generally on the fourth day followlng 
'n 

th~ ~ast egg laid. The second clutch was,left for natural 

lncubation ând was only removed upon failure of the female 

to incubate. Thlf procedurk was followed ln -1975 with the 

exception that 'the eg,gs' of the second c1utch of aIl AI 

- fema~es were ~emoved one'by one' leaving one in the nest for 

duration of fertility ~xperiments. Alsa tre~ted in this 

manner was the first and only c1utch of the thirteenth 

laying female. 
.. 

In 1974, the eggs collected were i,ediatel.Y placed 
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ln a forced air Marsh 8arIT.s Roll-X (College Pets, Poultry and 

Garden Supplies, Toronto: Ontarl0) incubator kept at 3ao e and 

a 53-59% relatlve humldlty (Flg. 5). The eggs were turned 

automatlcally every hour and were placed upon pipping 1nto a 

hatcher lept at 37 0 C and about 70% relative humidlty. The 

hatcher consisted of a Marsh Farms Roll-X incubator with 

inverted grids. The ChlCks wereJ aIl hand-raised. 

Brooding of hand-ralsed chicks was achieved 

use of a styrofoam cooler with heatlng tape, thermo 

water pan (Fig. 6). Temperatures were controlled to rraintain 
. 0 

the ChlCks' comfort, usually beginning at 35 Cafter hatching 

and ~ecreasing gradually to room temperature by 2 weeks of 

age. 

The d~lCks were fed four times daily by offering 

ChOPPer day-old mice to them with blunt forceps. ~ As the 

chicks grew older, this food was replaced by day-old chicks 

and adult mlce mashed whole in a blender. 

In 1975 a second incubator and a hatcher of the 

same type were obtained. The same environmenta1 conditions 

were used except that the humidity was always just above 
1 

60% in the new incubator due to its characteristics. The 

chicks were also hand-raised but when possible, some.were 

-introduced for fqstering under parents whose eggs failed 
'fil... . '" 

to·hatch. No attempts were made to control tempe rature or 

humidltY in the incubato; room. 

4.5. Technique of Collection and InsemiJation 

4.5.1. Materials and Preparatio? 

The insemination tube consists of 10 cm of no. 4 

'"D .. 
____ ~~~ ---~_@-"'I'L~. --------... _---____ ---- .. -. 
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Figure 5. 
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• 
Kestrel eggJ placed over the water 
reservoirs in a Marsh Farms Roll-X 
incubator with an automatic turner. 
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Figure 6. Brooding of hand-reared kestrel chicks 
in a styrofoam coeler with heating tape, 
tPermostat and water pan. The corrals 
~ilow for chick identification prior te 
marking . 
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medical grade vtnyl tubing (1.0. x 0.0., 0.044 x 0.064, 

Becton, Dickinson and Company, Rutherford, New Jersey, 

U.S.A.) attached to an 18 gauge blunted needle and a l ml 

syringe. Silastic tubing was found to b~ tao soft and 

pliable and pOlyethylene tUbing, too stiff. 
\ 

30 

A phosphate buffer (16.34 grn Na 2HP04 , 5.16 gm 

NaH2P04 ·H 20 per litre; pH 7.2) (Wilcox, 1958) was used in 

our experiments not as a diluent, but as a solution to wash 

away aIl the semen fram the tube into the oviduct. To 

achieve this washing, the semen collector first draws into 

the syringe about 0.1 ml of air' in arder ta be able to push 

out the whole volume of fluids at the time of insemination .. 
and then enough buffer ta fill about 1 cm of the insemina-

tion tube., This buffer is drawn up slightly in the tube sa 
1 

that a small air bubble will form between 1t and the semen 1 

ta be collected as described later. This precaution pre-

vents the spteading of the semen in the tube. 

Sterilization of the insemination tube and the buffer 

/ waS not done but cleanliness was maintained throughout. The 

buffer which rnay be kept at e1ther 4°C or frozen for a breed­

ing season was stored in srnall aliquots in wel~ stoppered 

tubes. A partially used aliquot was discarded rather than 

restored. 

In the experimental program, no pooling of semen 

was done in order to pedig,ree the chicks. For the same 
\ 

reason, a clean insemination tube was used for each insemina-.. 
tion. Smyth (1968) cites the danger of contamination in 

., 
po'oled serren by feces or urates from a contrary male and 

.. 

1 
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the possibi11ty of spreading disease by the use of artific1al 

insemination in poultry. 

The males were 'worked' 3 times a week for approxi­
#J-

I 

mately 5 weeks before insernination was begun." This train-

ing consisted of handling the birds and' attempting ~o 

ejaculate them. 

4.5.2. Collection of Semen 

The method of-semen collection follows, in principles, 

the massage method delcribed by Burrows and Quinn (1937). 
.. .. 

/ 

1 

( J 

". ' . ~ . ."", 
~ iI~· 
~ ;w 

At first, three persons were needed for the procedure. One 

'held the bird's feet and head, another ejaculated the bird 

and the third collected the semen in the insemination tube. 

But with practice, it was found that the semen collection 

1 
could be accomplished by two persons in as much as the bird 

r 

holder would wear a protective but flexible pair of gloves 
... ;0-

'If " 
wh1ch gives hirn freedo~ to ejaculate the bird. The thumb 

re : 
and two forefingers df the glove to be worn on the rnassaging 

'hard, depending on the operator's preference, were cut off 

halfway ·down. Thus the glove uncovers only the finger tips • 

needed for the sensitive massaging process. 

one 

The massager grasps the bird's thighs together with 

hand and al though n~t necessary, re'sts the bird wi th i ts 

breast on a block. The.wings are left free to flap to stim-

ulate natural copulation. The feathers surrounding the v~nt 

area do not have to be plucked but just pushed aside. 'he 

complete semen collection can be divided in three steps: 

massaging, milking, and collecting the semen in the 
.II 

insemina-
\ . 

tion tube. 

The massager's free hand with the exposed fingertips 

1 
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is placed palm down on the bird's back, the thumb and fingers 

on opposite sides (Fig. 7). Gentle but firm strokes are 

made towards the pygostyle area. At the same time, the 

digits massage the soft lateral parts of the abdomen below 

the pelv~c regions. When the papillae are everted from the' 

cloaca, the tail is pushed upwards by the back of the free 

hand and the m~lRing process 7egins with the thuwb and fore­

finger on opposite s~des of the cloaca, frontally of the 

protrud1ng pap~llae (Fig. 8). In addition, slight pressure 

is placed Just below the cloaca with the other thumb. This 

is important as it was found that ommission'of this step 

sometimes resulted in the formation of a sore caused by 

the thumb of the massaging hand. With reasonably firm 

pressure, these digits squeeze or 'milk' the semen from 

the papillae. Any urates present can be wiped away with 

a finger. Squee zing tOD hard or' for prolonged periods may .-
result in hemorrhaging in which case sernen collection 

should be postponed for it ,least two days. 

The semen usual,ly 1 flows into the groove forrned by 

the union of the thumb and forefinger. In sorne cases, the 

thumb of the hand holding the bird's leg was lifted up to 

catch the semen on the thumbnail. In only a few instances 

was the semen forcefully expelled into the air from the 

pap~llae . 

1 
., 

Since the yield of semen in kestrels is very small, 1 
i t takes considerable ski Il to collect rnost of i t in the 1/ 

insernination tube. )It is preferable during the aspiration • 

of the semen in the tube to keep the sernen near the .tip to 

i 
i 

1 
1 
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Figure 7. Grasping of the bird's thighs by one 
gIoved hand, while the other hand' 
massages the soft IateraI parts of 
the abdomen. 
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8.~ilking of the sernen from~ the cloacal 

papillae ~?d the subsequent collection 
of the sem~n in the insemination tube. 
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prevent 10ss of semen on the wa11s. The process of mi1king 

can be repeated unti1 the yie1d stops. 

Nd precautions were taken to maintain the semen temp­
\ 

1 erature between the ~ime of collection and insemination 

1 

JI" 
However, the sarnples were never held for more than 10 min-

utes at ambient temperature and, at least in chickens, 
, ' 

spermatozoa do not lose their fertilizing capacities after 

rapid cooling for up to 10 rnlnutes (De Silva, 1963). 

4.5.3. Insemination of the Female 

The fema1es were inseminated as soon as possible 

after an oviposition and only once between subsequent 
>-

ovipositions. 

Several attempts to êvert females prior to the egg-
" 

laying period resul ted in fai1 ure. However, by' immedia te1y 

removing the first egg laid, which is obvious1y lnfertile, 
-..1 

the bird genera11y does continue ~o lax a clutch of a normal 

nurnber. 
-.. 

"'-
The technique used to inseminate the females is 

adapted from that of Quinn and Burrows (1936). One person 

holds the bird's thighs together in one hand and controls 

its wings and head with 
1 

the other hand to ?revent flapping 

wings from knocking the semen out of the insernination tube. 

The bird is tipped forward to expose the cloacal region. 

Once the bird is properly secured, the thumb of the hand 

holding ~he legs can be freed to place slight pressure on 

~ the a~domen just below the cloacal region. The second­

person, while holding the syringe in one hand and away from 

the bird, places his thumb and forefinger of the other~d 

-- - ------ - ---• t-... ".. .. 1 
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on each side of the cloaca (Fi~. 9). The cloacal region 
'-

is then rnassaged by a gent1e, caudal to frontal strok~ng. 

Enough pressure and massage are applied to evert the oviduct 

wh~ch appears as a deep-red f1eshy mass with a slightly 

visible opening on the left s1de. This functiona1 left 

oviduct can be located quickly only with a practiced eye.' 

Any urates ejected can be wiped away by the operator's 

finger. 

The insemination tube is p1aced with careful man­

ipulation abou~ l to 2 cm deep into' the le ft oviduct (Fig. 

10). In this action, care must be taken not to puncture 
.J 

any soft-she11ed egg if present nQr to injure the bird. 

The presence of an egg in the oviduct may be determined 

by externa1 palpation of the abdomen when the birg is 

captured. 

As the semen is deposited into the oviduct the pres­

sure of the thumb on the abdomen shoul~ be gradua1ly 

re1eased. The tube i~withdrawn when empty. When the 

oviduct has fully retracted~ the bird is released. 

4.~. Semen Production 
• 

Beginning the first week of March in 1974 and 1975, 

the AI males were 'worked' three times a week as stated 
, 

earlier. This t.raining was discontinued only when. the 

semen was needed for 1nsemination but recontinued after 

inseminations were complet~. Late in the laying season 

the AI males were ejaculated once a week to determine' 
,). 

termination of semen production. For the same reason, the 
, 

paired males were 'worked ' once a week, but only after 
) 

, r 
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Figure 9. Massaging of the cloaca of the female tb 
evert the oviduct, i.e. e~pose her vagina, 
for insemination. Note the thumb of the 
operator applying abdominal pressure. 
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FI~gure 10. Placing of the inserninat10n tube about 
2 cm inta the left oviduct ta depos1t 
the Semen upon successful eversion of 
the oviduct. " 
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egg-Iayin~ completelytcea~ed. In 1975 only, 7 extra 

males flying loose ln a large pen wlth three females were 

also 'worked' weekly late ln the season to determ~ne semen 

" productlon under thls method of management . . 
Studies were conducted on the influences of age 

.. 
39 

f 

and body weight of the AI males on per cent succ~ssful 

massages, semen volume and co10ur, concentration and rnotll-

lty of spermatozoa, sperr. count per e)aculate, and per cent 

contamlnation ln 1975. 

Although the AI nales were kept on a natural light-

lng regirne, an attempt was m'ade to correlate time of year 

and increaslng day!-length wi th semen prGduction. This 
1 

was accoITplished by referring to a chart of standard time 

zones for the dayli~ht changes at 46
0 

latitude. 

The ef~ects of weather, i.e. te~perature, barornetric 
'" 

pressure, per cent posslble daily sunshlne, on the' beglnnlng 

and endlng of semen production were studied. The effects of 

weather condltions on sernen characterlstics wer~ aiso studiéd. 

Records of weather conditlons for 1974 and 1975.were made 
'" 

aval1able by the McGill Bniverslty w~ather station sltuated 

at Macdonald Coilege. 

Where possible, any éf~ects of frequency of collec-

tlon and nutrltion on semen productlon were recorded. 

4.7. Re~ationship of Semen Characteristics with Fertility 

, , and Hatchabillty 

4.7.1. Fertility and Hatchability Ratios 

Eggs were classified as fertile or lnYertile by 

candling at various stages of ddvelopment. AlI eggs 

\ 

" 
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classlfled infertile were stored at 4.4 o C and {ater broken 

40 

and examlned mlcroscoplcally for evidence of embryo develop-

ment. 
\ . 

The term "per cent fertile" refets ta the percentage 

of fertile eggs relatlve to~the total number lai~. 1he 

term "per cent f€rtile from AI" is the percentage of fertile 

eggs relatl~e to the numbe~ of potentially fertilized eggs. 

The perce,ntage of eggs which hatched relat/ve to the total 

number fertlle was termed "per cent hatchability". 

,,'Duration of ferti·ll ty" was measured as the nurnber 

of days a hen was fe~~ile, i.e. from the first day after 

u'lsemlnatlon until the last fertile egg was laid.~· "Per cent 

fertlll. ty whlle fertile" is the percen tage of fertlle eggs 

relatlve to the total nurnber of eggs laid durlng the dura-

tlon of fertility. 

"Per cent successful massages" refers ta the per7 

centage of massages resultlng ln collections of measurable 

semen volume relative 'ta the total number of attempts during 

the pe~iod of ac~ual semeJ pr~duction. 
'f' , 

4.7.2. Analysis of·Semen Characteristics 
l 

Any r~latlonships among p~r cent successful massages, 

semen volum~, concentration of.spermatozoÎ' sperm count per 

c]aculate volume, motility of spermatozoa, .. semen appearance 

and per ~ent cont~minition.were tested for significance., 

Wlth thé exception of per cen~ succ~Sful massages, aIl of 

the above characterlstics were tested for possible correla-

tions wl.th fertillty and hatchability. 

4.7.3. Determi~ation of Semen Char~c~ert'stics 
) ,,/ 
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, On every semen sample collected, the following six 

characteristics were analyzed: semen appearance, semen 

• t 
volu~e, concentrat~on of spermatozoa, sperm count per 

eJ~culate volume, motility of spermatozoa, and per cent 

contamina~ion. 

4.7.3.1. Sernen Appearance 

The appearance of the semen sample was classified 

into one of six different categories. These were denoted 

as: 0 - opaque 
" 

l - clear 

. 2 - very pale amber 

3 - pale amber 

4 - ..amber 

5 - deep amber 

4.7.3.2. Semen Volume 

Semen volume was calculated by first measuring the 

41 

length of tubing filled by the semen. The pre-determination 

of the volume of fluid Ocçu?y~ng 1 Cm of this tubing 
, 

fac~litated simple calculation of the u~known volumes •. 

4.7.3.3. Concentration of Spermatozoa 

The concentration of spermatozoa was deterrnined by 
"l.. 

means of an Improved Ne~er hemacytometer. Although the 

small si~e of the sper~tozOa!and heavy 

semen did not pe~it exact counts after 

debris cover in the 
)1 

immobilization 9f 

\ 
spermatozoa with éthanol, their slower movement and smaller 

numbers allowed an accurate estimate to be made of live, as 

well as any obse~ed immobilized spermatozoa. As diluticn 

was n0t feasible due to,the small amount of sernen obtained, 

"1 
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a revised method of counting on the grid was ereployed to 

save time. ~he same five groups of sixteen small cells 

used to count red blood cells were involved, but only sper-
, 

matozoa in the four corner cells of each group were counted. 

The calculat10ns were made as follows: 

= 

l l No.~s,erm counted 

No. squares counted 
x --~--------~-- x 

area of square depth of chamber 

No. sperm counted x 400 x 10 

\20 

After five counts were obtained on each AI male, the above ., 
~ethod was discarded in favour of randomly choosing several 

smal~~el1s and estimating the mean numbers ol spermatozoa 

per cell. The calculations were then made as follows: 

number of spermatozoa x 4ÔO x 10 
) 

4.7.3.4. Sperm Count per Ejaculate Volume 

This was simply obtained by multiplying the concentra-

tion of spermatozoa per cubic millimeter with the measured 

volume of semen. 

4.7.3.5. Motility of Spermatozoa 

AlI samples of undiluted semen were given motility 

,ratin~s from 0 to 5 immediately upon placing the fresh 
( 

semen on a hemacytometer. A description of moti1ity scoFing 

was ~ follows: 

o - no motility discernable 

1 - 1-20% Sperm ire motile. Mayor may not be progres­

sive rnotility. Mostly weak and oscillatory. May 

be low number's of spermatozoa. 

2 - 20-40% sperm motile. Mostly pr~gressive, but sorne 

. . ; 
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immobi1ized by debris and still exhibiting life 
, . 

signs. At 1east 40% totally inactive. May be 

low nurnbers of spermato,zoa. 

3 - 40-60% sperm rnoti1e. Fairly VigOrOUS~nd progre~-

sive motility. 20 to 30% totally inactive. 20 to 

»% irnmobilized by debris, but still exhibiting 1ife 

signs. Good numbers of spermatozoa. 

4 - 60-80% sperm showirig progressive rnotility. 10 -to 
" 

\ 
20% irnrnobilized by debris, but showing vigorous 

life signs. 10 to 20% totally inactive. Many 

sperrnatozoa. 

5 - 80-100% showing vigorou$, progressive motility. 
t . 1 

Lest than 10% immobi1ized by debris and' less than 

10% total1y in,active. Many sperrnatozoa. 

4.7.3.6. Duration af Moti1ity 

When sarnp1es were avai1ab1e, the duration of moti1ity 

of semen he1d at bath rôom and refrigerated conditions, i.e. 

4.4)to 10°C, as we11 a~ mixed with Wi1cox phosphate buffer 

was exam1ned. Poo1ed samples were stored'in glass tubes 

and the refrigerated s\amp1es were placed direct1y into Ithe 
1 

refrigerator. 

4.7.3.7. Per Cent Çontamination 

The "per cent contamination" was rneasured by ex-, 

pressing the amount of area on a hernacytorneter covered by , 
" debris as a per~entage-of a microscopie fièld 400X in 

magnificatior' 

l " 4:7.4. Statistical Analysis 
( . "'r 

The analyses of variance and simple parametric 

, 
, .. .? .... ,. 

" .. .. . . . 
.. ~, Jo, 
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correl,ations were performed according to Steel and Torrie 

(l9~O). Non-parametric simple correlations were done in 

accordance with Siegel (1956). 
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5. EXPERIMENTAL RESULtS 

5.1. Egg Production~ Fertility and Hatchability 

The results shown in Table l justify the assumption 

in these experiments that age of the femaies wouid not 

affect whether or not they laid eggs. There was no aprreci­

able difference between the percentages of yearlings laying 

eggs and those two years 9r oider laying eggs. 

Although no signiflcant (P>0.05) effects of pen 

design, i.e. isolated vs. exposed, or mating types, i.e. 

AI vs. NM, on per cent females laying ~ noted in Appendix 

Table l, a coefficient of variability of 28.6 per cent in-

dicates only a moderate precision, likely due to a small 

sample size. As indicated in Table 2, 15.7 per cent more 

i 
AI females than NM females laid eggs in exposed pens.1 More 

.. 
noteworthy is the fact that in isolated quarters, aIl NM 

females laid eggs while only 60 per cent Ar females laid 

eggs under these conditions. \ 

With respect to NM pairs only, the pen design had no 

outstanding effects on fertility of either first or second 

clutches (Table 3). Howeier, the hatchability of artificial­

ly and naturally incubated eggs laid under isolated ~ondi-

tions was 90.3 and 84.6 per cent, ,respectively, l({hereas in 

those eggs laid in exposed pens, the hatchability was only 
, 

47.6 and 21.7 per cent, respectively, as seen in Table 3. 
~ 

No significant (P>O. 05) differences .(Appendix Table , 
/ 
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TABLE l 

The Effect of Age on First Laying in Femaie Kestrèls 

Total 
number of 
females 

Number of 
laying 
femalel5 

Per cent 
laying 
females 

year"- ing s 

20 / 

16 

80 

/ 

TABLE 2 

Age 

2nd year or oider 

23 

19 

! 
82.6 

/ 

Per Cent Fema1e Kestreis Laying in Exposed Pens 
and Isolated Pens 

. / Exposed Isolated 
Pens p~. 

AI NM AI NM 

Total nwnber 14 10 10 10 
" 

Number of • laying feftlales 12 7 6 10 

Per cent/laying 
females 1 85.7 70 60 100 

mean 77.9 mean 80 

! \ 
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TABLE 3 

Fertility and Hatchability in NM Jestrel Pairs 
In, Isolated and Exposed Pens 

1 

Per Cent 
Fertility 

Per Cent 
Hatch. 

lst clutch 

2nd clutch 

artificial 
incubation 

natural 
incubation 

Exposed 
Pens 

56.8 (21/37)* 

76.7 (23/30) 

47.6 (10/21) ** 

21.7 ( 5/23) 

Isolated 
Pens ... 

62.0 (31/50) 

63.4 (26/4l) 

90 • 3 ( 2,8/31 ) 

1t4.6 (22/26) 

* 21 out of 37 eggs were dlassified as fertile 
** 1-0 out "of 21 fertile eggs hatched 

i 
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2) were encountered between years, fir~ and second clutches 

or mating types with respect to the percentage laying females 
, 

produc ing fertile eggs (Table 4). A coe{~ ic~en t of variabil-

ity of 15.2 per cent ~ndicates a satisfactory precision. 

The fertility and hatchability of ind~vidual AI fe-

males are presented in Table 5. The ove raIl rnean per cent 

-
fertility from AI for both years is 76.4 ranging from 25 to 

100 per cent. The overall mean per cent hatchability for 

both years is 55.5, ranging frdm 0 to 100 per cent. The per 

cent fert-\lirty of eggs laid by AI females with resptct ~o 
\ 
\ 

their position in the- cl utch is illustrated by Figure Il. 

The second egg, which was the first egg laid after the first 
iii 

insemination, was fertilized less than half the time, while 

the highest fert~lity, 90.9 pér cent, was found in the sixth 

egg laid. • 
The fertility of AI and NM females is shown in Table 

6/ with the corresponding statistical analysis in Appendix 

Table 3. In either rnating type no significant (P>O.05) dif-
1 

ferences were located between the fertilities and the fertil-

ities from AI. The corresponding coefficients of variabil-

ity,35.8 and 29.7 per cent respectively, indicate a 1ack ! 
of precision and therefore, the differences in the figures 

in Table 6 are emphasized. ' Beth fertility and the ferti1ity 

from AI rose from 1974 to 1975 by 29.0 and 19.7 per cent, 

respective1y. 

Both per cent fertility and per cent fertility ~r~m 

AI of the AI females.in 1975 compared extremely well w1th -. - \ 

the per cent fertility of the first and second clutches of 

-------<"iffJrrt:f . 
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TABLE 4 

Per Cent Laying Female Kestrels Producing 
Fertile Eggs 

Year AI Females NM Females 

lst 2nd lst 2nd 
clutch clutch clutch clu~ch 

1974 100 (S/S)* 50 (2/4) 80 (4/5) 80 (4/5 ) 

1975 100 (13/13) 89 (S/9) 67 (8/12) 83 (10/12) 

Mean 100 70 73 82 

* 5 out of 5 fema1es produced fertile egg~ 

\ 

, ' 
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TABLE 5 
~ 

Ferti1ity and Hatchabi1ity of Individua1 AI 
Fema1e Kestre1s 

... 1> 
Yêar Bird 

No. 

1974 

• 799 

792 

798 

1975 771 

783 

Laying Sequence 
After First and 

Subsequent Inseminations 

AI-e-o--o-o"'x--

AI--O-O-X-O-X--

AI-X--X-X-X--X-

AI-X-X--O------

AI-e---o--x-x-'x 

AI-O-X-X-X-X---

AI-e-X-X-B-----

Per Cent Per Cent 
Ferti1ity Hatch. 
From AI 

25 

(' 40 

100 

66 

75 

80 

100 

100 

100 

100 

50 

100 

o 

o 
). 

789 AI-O .... X--X-X-- .. - ( 
75 66 

792 

764 

... 798 

40 

22 

19 

41 

16 

60 

x :: fertile egg 

= no egg laid 

AI-X-O-X-X-X---

AI,--X-X--O-X---

AI-X--X--X-O-O-

AI-e-X-X-x-----

AI--O-X--X-X--X 

AI-X-X--X-X--X-

AI-e-X-o-x----- 1 
AI-X-X--X-O----

AI-e-x-x--x--~-

o = infertile egg 

80 

75 

60 

100 

80 

100 

66 

75 

100 

Mean 76 

75 

a 

66 

a 

100 

60 

a 

100 

2S 

55 

B = egg broken 

• these e9gs were too far deve10ped to be ferti1ized by the 
first insemination 
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-
82.4 

1 

1 
1 
1 
1 

1 -
1 

1 

. 

4th 

Egg number 
l.n c1utch 

,., 

90.9 1 

73.3 

\ 

1 

St!) 6th ! 

Figure Il. Per cent fertility of eggs laid Dy AI kestrel 
females with respect to their position in the 

1 clutch. 
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Comparison of Fertility Between AI~and NM Female Kestrel~ 
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NM females in either year. Whl1e the overall per cent 

fertillty in elther matlng type was very close, the overall 

fertlilty frorr AI ranked 14.9 per cent hlgher than 'the .. 
overall fertl11ty in the NM group. A conslderable decrease. 

ln feitillty irom 1974 to 1975 of the first and second 

clutches lS noted. An lncrease of fertillty in NM females 
• 

from flrst ~ô second clutches ln both years lS also observed. 

No signlflcant (P>O.05) differences ln the hatcha­

bill/ty of eggs from AI and Nt-! females under r;atural or 

artlficlal lnçubatlon (Table 7) were noted in Appen~lx Table 

4 . A coefflClent of variabillty of 14.2 per cen1 represents 

a reasonably hlgh precislon. One should also note ln Table 

7 1 the substantial decrease in-~tchability ln all three 

treatme~t9 from 1974 to 1975, particularly in the case of 

-
eggs produced by AI females and artlflcially lncubated where 

the decrease is greater than SC per ceht. 

Th,e fledglng rat*! of b~th hand-reared and p~rent­

_) raised birds was fairly high. Except for one ChlCk barn 

wi th a defect, mortali ty among ChlCks resul ted mostly from 

accldental causes. Over th~ two years, 25 of 27 chicks 

were parent-raised for a fledging rate of 92.6 per cent. 

Durlng the sarne perlod, 63 of 72 chicks were hand-reared for 

~ fledging rate of '87;5 per cent; 32 of these were prod~c€d 1 

by AI~ In addition, for experlmentation and 'for the reduc-

tion of man-hours consumed by hand-rearing, 11 AI chicks in 

1975 were fostered under parents which.either had infertile 

eggs or only one chick. Of these, 7 survîved. In all of 

the chicks hatched in both years, the sex ratio was very 
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'" -TABLE 7 

llat.chab11ity' of Fertile Eggs of AI and NM 
h Fema1e Kestre1s 

Matinq Incubation Year No. Fertilé Per Cent J 

f.1cthod i . Egqs Hatched Hatchability , 
AI Artiflclal 1974 18/19 94.7 " ,/ 

1 

1Y75 18/40 45.0 . 
Total 36/59 Mean 61.0 

NM Artificia1 1974 19/20 95.0 
1 

" 1975 19/26 73.1 .1 

li :L 'l'ota l 38/46 Mean 82.6 

Nt;J . Natura1 1974 13/113 72.2 

.' 1975 14/26 ~ 53.8 , • '>..--
(" ! Total 27/44 Mean 61.4 

. -----------

1 

1 

( 

'1 1 
1 

• 1 
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nearly one to one. 
\ 

5.2. Durat10n of Fertility , 
The resu1ts on the duration of fertility of indiv1d-

ual AI fêmales in 1975 are ~resented in Table 8. The mean 
'"' 

duratl0TlI of ferti1ity was 8.1 da"'ys, ranging from 4 to 12 i 
days. ;he mean per cent fertility from AI was 48.4, rangin 

from 10 ta 100. The per cent fertility whi~e fertile ran ed 

from 50 to 100 with a mean of 70.8. A low per cent hatoha~ 
\ 

bil1ty was. again encountered, ranging from 0 to 100 with a 

mean of 42.7. • 

The Spearrnan Rank Correlation test (Appendix Table 5) 

- .. 
revcaled 00 significant (P~O.05) relationships between sernen 

'Ii 
characteristics 'and the duration of feftility, or~the fer-

tillty and hatchability associated with the duration of 

fertili ty. 

5.3. Semen Production 

There ie no appreciable difference in the per cent 

succesBful m~~eage8 between 1974 and 1975. A mean of 74.2 

------ " per cent was obtalned over the~~rs (Ta~y9). 

Table 10 surnrn:ri zes the percent:ge~- ~f-tê-li-ection6 
. ~ 

yielding semen, u~ates, blood and nil. The percentage of-
/' 

~collcction8 reeulting in semen alone was greatest in the 

monthe of April and May, dropping co~siderably in June. 

The percentage of collections yielding urates however, was 
" 

~ gre~test in March, declining ta less th an half in the re-

maining monthe. 
L 

The presence of blood in the collections 
" . 

was ~evalent only in March and almost nil ln Apr~l, May 
( 4 

and June. The per cent collections yielding nil in June 

, .' 1 
. ~ 

1 ) , ~, 

" 
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No. 

33 

798 

16 

792 

764 

41 

789 

783 .. 

'----

~~-...,...--~; .... -
li 
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TABLE 8 

Duratioo of Fertility of Individual AI Female Kestrels in 1975 
.-

AI Egg-laying Sequence 

AI-Q-X--Q--Q-Q--Q-Q-Q-Q--Q-Q---

AI-Q_X-X-Q-Q-Q--Q_-------------

AI------·-o-X-Q~Q-Q--Q-Q--o_--O '--
AI-o_X-X-Q-Q_X--Q--Q---o_Q-Q---

" AI--X-X-X--X-O_-~--------------

AI--X-X-Q-Q--------------------

AI~Q_-X-X-X--------------------, 

AI-X-X-o--------X--------------
..... 

Durat~on of 
Fertil~ty 

(days) 

4 

~ 
6 

Il 
~ ""~ 1 

12 

10 

5 

9 

8* 

Per Cent 
Fert~le 

From AI 

10.0 

28.6 

11.1 

27.3 

80.0 

50.0 

100.0 

75.0 

Per CeI).t ** Per Cent 
Fertile Hatchab~lity 

While . 
Fertile 

50.0 0.0 

66.7 100.0 

50.0 100.0 

50.0 0.0 

100.0 25.0 

100.0 50.0 

75.0 0.0 
..=;~ 

75.0 --- 66.7 

'" 
Mean 8.1 48.4 70.8 42.7 

~ 

• 
,-- 7 
~ = fertile egg Q = infertile tE9C; - = no egg laid 

* Since there exists the possibility t~at the last egg was held in the reproductive 
tract for an abnorrnally long period, it was assumed for this experiment that this 
egg should have been laid on the eighth day. 

** "Per Cent Fertile While Fertile" refèrs ta the percentage of fertile eggs 
relative ta the total nurnber of eggs laid during the duration of fertility. - ' 
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1974 

1975 
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TABLE 9 

-

Per Cent Successful ~ssag;1 Performed on Male Ke'S.trels 

No. 
.1 Tiercels 

8 

18 

Total 26 

Total No. 
. Trials· 

124 

376 

500 

7 Per Cent 
Successful 
Collections 

77.4 

71.0 

Mean 74.2 
. -~ 

Mean Volume of Semen 
Obtai~d Per Successful 

Trial C~l_.) 

not measured 

.019 

* The figures in this column only include those trials attempted on each male ,after 
their first successful massages. 
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-------TABLE 10 

. .. Per Cent C~ections Yie1ding Se~en, Urates, B100d and Nil in 1975 

1 - ---- ---- _ .. - ---_._--_ ..... -.. ... 
Type of March 12-31 April 1-30 l-1ay 1- 31 June 1-30 , 

Yie1d .... 

Semen (S) 24.8 (36) 66.2 (88) 71.4 (105) 54.9 (45) 

Urates (ut -49.7 (72) .. 23.3 (31) .. 15.6 (23 ) 22.0' (18) 

~ B100d (B) .7 ( 1) .. 
SU 4.1 (6) 6.8 (9) 6.8 (10) 1.2 (1 ) 

;;;' BU 9.7 (14) 

fI - SUB 1.4 (2) ~-

~ 
SB .0 ( 1) .... .8 (1) 

Nil 8.3 (12) 
"-

3.0 (4) 6.1 (9) 22.0 (18) 

j Total Attempts (144) (133) (147) . (82) 

-------

-~ 

• 
..-

~ 

t 

~-'''-~ * 

----

\. 

-

Mean 

54. O' (274) 

28.4 (1~4) 

.2 (1) 

5.1 (26) 

2.8 (14) 

.4 (2) 

.4 (2 ) 

8.5 (43) 

(506) 

I!' 

-

~ 

U1 
co 
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almost quadrupled the mean of the other three months. Of 

the total attempts, semen was collected 54 per cent, urates, 
\ . 

28.4 per cent and nil whi~h ranked third, 8.5 per cen't. 

The age, weight and semen characteristics of the 18 

AI males are summarized in Table Il. Semen volume averaged 

l3.8~1, ranging from .1 to 59)Wl. The concentration of 

spermatozoa ranged from 4,000 to 100,000 with a mean,of 

- 32,000. The h~ghest sperm count per ejaculate was 3,879,000 

while t~e lowest was only 200 with a rnean of 478,000. 

Motility and semen appeéi.rahce scores ranged from zern to 

five with means of 3.9 and 2.5, respectively. The lowest 

per cent contamination observed was 10 while the highest was 

100 wi~h a me an of 68. A noticeable number of abnormal 

spermatozoa in the first few coll~ctions wa~ recorded for 

foür yearlings and two two-year old males. 

1 

Referring to Appendix Tables 6A a~d 6B, significant 

(P<0.05) Ipositive correlations were found between the age of 

the males and either semen volume or Bperm count per ejacu-
• I~ 

late. With respect to weight of tH~leSI ~igniticant . 

(P<0.05) and highly Bignificant (P<O.Ol positive relation­

ship~ were present with concentration 0 spermatozoa and 

sperm count per e}~culate, respectively. Mention is aiso 
, . 

màde of a highly sigpificant (P(U.OI) positive correlation 

between age and weight of the males. 

The period of semen production, at least in 1-~75, 

~~sted a total of 103 days (Table 12). The mean duration 

of semen production among the AI males waS 73.6 daye,' ranging 

from 48 to 101 days. The mean duration of semen production 

Î 
l 

f 
f , 

; 

J 

1 



" ~ 

~. t 

~l 
'., J il 
" ~. 

'-. 

t 

.-" 

~ . 

'-. 

:. 

"-, 

.... -~I...,. 

o 

TIO.BLE 11 

Aqe, we~ght and Seren Ch.r.cter~.t~c. of I~dlvldual ~I ~.le ~estre15 ln 1975 

IIlle 
No. 

51 

27 

'-.....,17 

li 

30 

u 

2J 

5' 

11 

7IC 

711 

795 

717 

771 

71C 

n, 
717 

»!. 

Aqe 
(l'rs) 

1 

l 

l 

1 

1 

1 

l 

1 

l. 

3 

3 

) 

3 

2 

:2 

2 

:2 

2 

0..r;.11 _an 

Body Nt. 
(qm) 

ISeqln Cnd 

hr Cent 
Succ-e •• ful 

Ma •• age. 

100.' 10'.8 15 (23/27) 

96.C 100.7 73 (11/151 

100.1 101.2 13 11119/26) 

95.1 107.0 77 {10/111 

16.4 107.2 71 (l5/111 

97.l·100.4 67 (14/21) 

94.6 H.9 69 ( 9/13) 

88.2 102.7 !@ (14/24) 

9l.7 97.2 68 (11/2S) 

101.1 116.0 72 (18/251 

131.0 111.4 69 (22/321 

109.7 122.4 47 ( 8/11) 

131.5 113.9 59 (13/22) 

81.1 100.5 71 (11/241 

114.1 111.1 79 (22/281 

l1i.l 111.9 91 (21/23) 

118.7 104.1 ~ ( 9/11) 

109.3 71 5/7 ) 

105.6 70.5 

" 

Se_n Vol~ 
~) 

Ccncentr.t~cn 
of Spenr.atozoa 
(';C. ><10 1/1"11'1) 

Sperm Count 
per e)açulate 
• (xlO l ) 

Mean Ranqe l'lean 

20 

• 
" 10 

11 

9 

7 

18 

16 

15 

17 

15 

29 

16 

11 

13 

a 

• 

4-44 

1-10 

:-25 

3-C3 

2-20 

51 

45 

18 

22 

18 

1-10 34 --2-26 1 

2-20 

1-46 

2-33 

1-)4 

2-32 

1-59 

3- 34 

2-ll 

2-42 

2-17 

35 

17 

33 

co 

36 

u 

16 

51 

15 

28 

21 13-t) 57 

Range Mean Range 

12-100 1013 90.0-2536 

20-70 190 1.9- 67. 

7-60 173 .4- 603 

10-CO 246 .6- 860 

9-~0 287 11.0- 706 

10-95 225 .6- 796 

6-15 78 .2- 183 

H-60 408 .6- 852 

C-29 240 1.0- 680 

10-60 651 116.0-1962 

4-60 4H 5.0-1242 

'~2-4fi 573 65.0-1420 

6-60 1876 13.0-3236 

4-36 HZ 2.5- HB 

6-100 789 .2-2616 

5-5C 504 41.0-2082 

10-60 298 28.0- 664 

16-94 1456 249.()-)819 

H.B 2-32 32 ;1'"~ 9-59 418 25.7-1261 

• bird died ~dway throuqh season, 50 ~t ~s excluded trom aveta~es 

--'" 
.......... ~.-....,. .. "' ......... '01 .. ~_ .. 

.-.... 

l 
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TAtLE 11 (cOl't.l 

A~e, ~~~qht and Semen Charactec~stlcs of Ind~vldual ~I Male Kestrels 11" 1975 
~ 

Male Mot.lll.ty Score Senen Appearance , Fer Cent 
No. of Spentlatoaoa Score Ccntar.anatlon 

Me.tn Range Mean Range Mean Ran<;e 

57 4.6 2-5 2.7 0-5 Bt * 50-100 

27 ).) )-5 2.6 0-40 100· 

37 3.0 0-5 :2.6 0-4 83 25-10J 
... 

38 J.9 1-5 2 e 3 1-4 49 15-100 

JO ".8 3-5 2.1 1-4 Mi 10-100 .. 
32 3.7 5-5 4. a 3-5 92* 65-100 ,. 
21 2.2 1-5 -2.6 0-4 78* 50-100 

56 4.9 0-5 1.5 0-3 }7 10- 70 \ 

17 3.3 1-5 2. ) - 0-4 60 20-100 

711<1 4.1 2-5 3.6 2-5 74 15-100 

788' 4.3 2-5 3.6 1-5 55 10-100 
~ ,-- 79S' 4.5 )-5 1.4 0-) 97 90-100 

- 117 4.3 1-5 r . ., 0-3 43 10- 80 

iJ 
\ 

i' 773 3.8 1-5 1.6 0-) 51· 20- 60 , 774 3.8 0-5 2.6 0-5 68- 10-100 

'76 ".5 0-5 1.8 1-3 34 10- 50 

777 3.8 )-5 2.6 1-4 91 80-100 
~,.~:~"" 

779 ".7 )-5 2. :2 )-5 

ttean 3.9 2-7 2.5 .6-4.5 68 31- 93 
F 

0'1 
f-' 

• notl.ceable nu.ber of abnormal spermato%oa l.n flrst cc11ectlons 

--_._~ . ,. ... '.·loeeh'l'1" ~-=-



TABLE 12 

( Duration of Semen Production in Male Kestre1s , in 1975 

<. Date of first motile sperm 

Date of first measurab1e sample 

Date of first samp1e containing 100000 "sperm 
~ 
1 

t Date of 1lst moti1e sperm 
j , 

i Date of 1ast measurab1e samp1e 
, 

1 
containing Date of 1ast samp1e 100000 sperm 

'! 

o 

t 

1 

/ 

i 
• 1 

/ 

• .,.' •. -' • .<It ',' ',..~ 
• ,.j .'"'" ~ ", • . . '~~' 
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March 19 

March 19 

March 27 

June 30 

June 30 

June 30 

j ., . 

! 

. --

1 

/ 
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for the yearlings was 75.4, whi1e it was slightly higher for 

the older males, being 82.8 days.l In both 1974 and 1975 the 

sarne b~rd produced rnotile sperrn on ~~rch 19. In 1975 the 

last motile sperm were observed on June 30. As seen in Table 

13, peak production of semen w1th respect ta semen volume, 

concentration of spermatozoa, sperrn count per ejaculate and 

motili~y of spermatozoa occurred between April 7 and 29. , 

~The values of these characteristics tapered off from this 

r period to n,il on July' 10. 

In terms of photoperiodic effects, sernen production 
, 

began when the daily light periad reached 12 hours and 15 

minutes. Peak production was observed between 13 and 14 

hours of daily light. This production declined considerably 
1 

around the longest day of the year, June 21 with approximately 

15 hours and 45 minutes of daily light. 

No significant (P)O.05) correlations (Appendix Table 

7) were observed between weather tactors, i.e. ternperature, 

barometric pressure Ànd per cent possible daily sunshine, 

and any of the four aforernentianed semèn characteristics, as 

weIl a8 per cent successful' massages. 

The semen characteristics of AI, colany and paired 

males during the period May 27 to July 10 are presented in 

Table 14. The colonial males were by far the lowest in aIl 

traits with the exception of a high motility due to the 

examination of two samples only. The AI-and paired males 

were extremely comparable in aIl traits except for sperm 

count per ejaculate, where that of the AI males almost . 

doubled' the sperm count of the paired males. In each group, 

1 

f 
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TABLF 13 

Relatl.on of Senen'. Charaeterl.stl.es ta Tir",e of Year and rhot?per1.ad 1.n 1975 -------
Date Duration of No. P-1ales f'!ean Semen ~ean Sperm ~ean Sperm Xean 

Dal.ly Ll.çht Produe1.nq VclUlt'e (Pl) Cane. Count Per ~otl.ll.tr 
Sernen (xl0 3;R'.Ir 3) tJacu~at. Score 

(x10) " 

Y.ar. 14'-
-~-~---_._-~-~--~~. 

11 :50 0/18 

Mar. 21 12: 15 4/18 7 ~.4 2.8 

P':ar. 29 12:40 10/HI 7 24.5 IJ;.1 3.1 

Apr. 7-8 13 :05 10/18 ; 19 39.5 662.5 4.5 

----Apr. 15-16 13: 35 13/U 17 61. 8 1150.3 4.7 

J\pr. 21-22 13 :50 15/18 13 50.1 579.9 4.5 

Apr. 28-29 14 :15 14/18 19 34.6 787.3 4.0 -
~ Yay 5-7 14: 35 1~/17 10 26.3 279.5 

1 

4.1 
il 

May 19-20 15:05 19/17 12 32.4 214.7 4.3 

May 2.5-27 15: 20 13/17 13 27.2 338.0 3.8 

June 2 15:30 13/17 12 27.7 632.1 3.7 

~ 
June 9 15:40 13/17 9 27 .0 277.8 3.0 

June 16 15:45 9/17 5 43.2 188.5 2.B 
.. 

June 23 15:45 5/17, 2 30. @ ~ 166.6 2.'2 

June 30 15:45 4/17 3 32.7"' U6.4 1.4 

, 1 
Ju1y 10 15: 30 0;17 

. , \ 
~' , .4f*t ""' • 0\ .. 

, 
i_ 1 
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TABLE 14 

Semen Characteristics of AI, Colony and Paired Male Kestre1s During 
the Period May 27 - Ju1y 10 

Per Cent 
Successful 

Massages 

55 (57/104) 

Mean~ 
Semen 

Volume 
(Pl) 

10.0 

Mea~an Sperm Sperm 
C nc. ount 

(Xlo~/mm3) ( 03) 

31.4 3~4.9 

t 

Mean 
Motility 
Score 

3.1 

Mean Mean 
Semen Per Cent 

Appearance Contamination 
Score 

2.3 70.0 

Paired' 44 "(30/68) 8.3 31.5 196.9 2.8 2.8 78.8 

Colony 7 (2/30) 3.7 28.0 106.2 5.0- 1.0 30.0 
,,.1-- .~~ 

-\ 

------- "" 

------. , 
~ 

f 
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of malés, the per cent collections result~ng in urates almost 

equal1ed that resulting ~n ni1 (Table 15). The colonial 

males were again by far the highest in both percentages with 

the paired males ranking a solid second/in production of 

urates. 

With respect to frequency of col1ect10n, semen co1lect-

ions performed on two consecutive days resulted on the second 

day ~n a decrease in semen volume 6 out of 7 t1mes and 1n 

decreases in spe~ concentration and sperm count per ejacu-

1at~ 4 out of 4 t1mes. A second collection on the same day 

resulted in reductions of seMen volume and sperm concentra-

tion 6 out of 9 times and a decreafe 1n sperm count per 

ejaculate 7 out of 9 times. 

In Table 16, the semen characteristics of the American 

Kestrel are compared with those of several other avian species. 

The kestrel, the smallest of the birds listed, ranked lowest 

in concentr~tion of spermatozoa and total sperm count per 

eJacJlâ.-t~ .,volume but exceeded the quail both in semen volume 

and du~tion of fertility. 

5.4. Relationship of Semen Characteristics With Fertility 

and Hatchability 
. , 

fe:tility ~he With respect to only signif icant (P<O.05) 

relationship revealed by the $pearman Rank Cor,relation test 

(Appendix Table 8) was a positive one with 
.,-

sperm coun t per 

ejaculate. However, positive correlations between fertility 

and both semen volume and concentration of spermatozoa 

approache~ significance (P = 0.05-0.10). 

None of the six semen characteri.tic. was related 
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TABLE 15 '-. 

Per Cent Collections Yielding Urates and Nil in AI, Co1ony and Paired 
Male Kestrels During .the Pe~iod May 27-July 10 

Male Group Per Cent Collections Per Cent Collections 
Resulting in Urates 

AI 23.1 (24/104) 

paired 32.4 (22/68) 

Colon y 50.0 (15/30 ) 

- -.. _-- .... .- .. ~_. -- -- l 

}-

"'''''r -..... 

" 

,i 

",.J-Y.n •••. "'" 0 "-

.. 

Resulting in r..il 

22.1 (23/104) 
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aigni ficantly (J'> 0 • 05) with hatchabil.ity. 

Signific~nt relationships) among sernen characteristics 

are shown in Appe\dix Tables 9A, 9B ~n~ 9C. Per cent success­

fuI lTIaHsl'JqeB and semen volum(! exhibited:-'a siqnificant .. 
(I.J<Q. 0')) nC(J;ltlv(~ rClilUOrlship. Thcrc <llso exista il highly 

\' 

si<Jnifi.eMljf~lIt)OK1tivc (1'<0.01) correlation l;etween sperm count, 

[Jar c j;,cul<ll(! "Tld concentration of spermatozoa. F'urthermore, 

'\ the ~;p(!(lrman Rank Correlation test showed highly sirJnificant 

(1'<0.0]) ané] a1c)nificant (P<O.O~) rclationships betwcen 

moti li ty of 8fJCrma tozua and ci thcr cancen tratiOfl 0 f Bf)cr~ma to­

zoa and sperm count r;cr ejaculate, ree.pectively. 

Atlcmpts to relate duration of motility under Btorage 

conditions and either fertility or hatèhability were not made, 

l;u~ Borne data were.collecte~ on pooled lamples to dctermir~ 

effective atorage condYtions of kestrel sernen. The melln 

rnotllity <!f three eamfJles of pure Bemen helû under refriqerll-

t~on, i.e. 4.4 to 10°C, dropped from 5 to 3.~ alter 12 houre 

1 
~ \ 

and then to 2.3 alter 24 houra. IJarely mot~le B[JlerlTl were 

_til1 obeerveû at 96 hour.. At roorn temperature, the mean 

motility of three aimillir .amples dropped from 5 to 2.7 alter 

12 hourB and Ilight motility waB visible up to 72 hours. The 

mean mot11itj of .perm in three .emen lam[Jles miked equally 

~ with wiicox pholphate bufter declined after 12 hourI from 

5 to 3.7 under both room and re~rig.rat.d temperatures. 

1 Alter 24 houri it dècreased to 3.5 in two sample. held at 

room tempe rature and to 3 in three .amples s~ored in the 
/ 

refrigerator. In samples mixed with Wilcox phosphate butter, 

barely vis~le motility was I.en up to 72 hour. in one held 

~ . . .",~. . 1. J. ~ " y ~. ";',.J' 

1 ", >""', "":" .~. . 
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1 
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at roorn tempe rature and up tp 84 hours in 6nother 
1 

kept in 
~ 

the 'refrigera tor. ~ 
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6. DISc6sSION 
, 

6.1. E91 Production, Fertility and Hatchabi1ity 7 • 

In general, single AI females were more inclined to 

lay'in exposed conditions while paired females laid more 

frequently in isolated quarters. This ag~ees with th~ sug-
\ 1 

g~stionB of OWen (1941) that induction of laying in female 

pigeons that do not ordinarily lay in isolation may be 

achi~ved by placing males a~d fe~aIfs in adjacent cages or 

by placing two fe~aleB in the sarne cage. However, two 

attempts wlth the latter technique using two female kestrels 

and two nestboxeB in 1975 Felu1ted in eggB broken on the 

ground on both occasions. In contrast, aIl ~ree temal~ 

held 0010nia11y with seven malea in a large pén laid 899a 

in three different ne.tb~xe. in 1'75. , 
Although ferti1ity ln "the NH females wa. not gre.tly 

affected by pen de.ign, the per éent ha~hability was much 
• 1 J 

10wer in both artificlally and natur.lly lncubated eqgl ot 

M females held in expo.ed quartera. The re •• ona for thi. 

tchabiJitY will be diac~.aed in the next •• ction. 
~ 

cQq).red 

• ucce •• of the 

ience w i th the 

per cènt· ferti1ity obtalned wi 
r 

taii'le4 by KM ~.xc.ll.nt 'l'roof 

in ~UCinq tertile _qga . 

technique may ha~. PlaY~d ~ome part 

inorea •• , ot tertf1ity trom 1974 to 1975 • 

of the 

Exper­
/ 

in the 

• dne dia.dvantaqe ot the AI technique miqht be the 

/ 
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failure to fertilize those eggs laid or tbo deve10ped prior 

to insemination. This roay be insignificant ho~r, in con­

sideration of the a1most equal numbers of fertile eggs 

obtained by,eith~r breeding technique. A1though goshawks 

were successf~lly inseminated prior to egg-laying (Berry, 

1972; Corten,' 1973), this was not possible with the American 

KeBtrel. 
~ 

, Natural incubation by single AI females was generally 

not practiced. In 1974 second clutches were 1eft to be 

incubated by \the four AI femaleB ,hO laid them. AlI clutc~eB 
including two\containing fertile eggs were abandoned by the 

fe~les, so the egg8.were placed in an incubator. Although 

in 1975 one AI female succcssfu11y hatched a chick out, the 

overa11 tendency to ~ose,interest in incubation may result 

from the absence of ~ male to relieve the incubating feroale. 

On many occasions, NM males were observed re1ieving'their 
/ ,( 

incubating mates and at leas,t tW .. ice were 8~enl sitting beside 

their mateB on the eggB. 

The tailure to find significant differences in hatch-

ability of ~gs produce~ b 
.~ 

i,ncubated either natura11y 

e~trer breeding technique and 

fica11y provides further 
\ 

• evidence of the succe.s of Although the hatchability 

dropped for aIl treatments trom 1974 to 1975, most distufb-

1n~ wa. the more than 50 per cent drop in hatchability ot 
1 

e9g. laid by AI female. and a~tifi71allY incubated. This 

ha. haan report.d a •• arly as 1938 when Burrow. and Mar.den 

(1938) tound a jiqniticant1y hiqher ~ryonic martality 1n 

e99. trom AI turkey hen. th.n ,in egg. trom MM t.mal •• , 

... ~ • , f; r'!' '" • 
,.~ .. ~ f. ~., , 

; 

• 
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et o!!ered no expl.~nation as to the exact cause. 

The following possibilities are suggested 8S causes 

of the [.>oor hatchinej resu1ts obtained in 1975. Unseasonably 

high temperatures in the month of May could account for the 

poor hatchabi1ity in aIl treatmentB, i.e. NM vs Al, artificial 

vs natural incubation. This month now holds the recoràs in 

the l1ontrea1 area a~ least for the highest mean maximum temp­

~raturc, the second highe.st m,an minimwn t'f:?mpera turc and the 

highest month1y me,n temperature, the iatte~ being 17.7oC a~ 
o compared to only 10.4 C in May 1974. prior to May 27, 22 out 

L-
of 24 fertile eggs in 1975 hatched 8uccesa(ully for a per 

cent hatchabi1ity of 91.7 which compares well with the 95 

per cent overall hatcr obtained in 1974 in the same ;ncubator. 

Out of 65 fertil~ egg8 artificially incubated due to ratch 

after May 27 in 1975, only 23 hatched for a per cent hatch~bi-
~ , 

lit Y of 35.4. P'urthermore, on1y 12 out of 30 naturally 

intubated fertile eggs a180 due to hatch after May 27 hatched 

for a per cent hatchabili~y of 40. Ernbryo8 died at various 

Btages of development including 10 ful1y-developed chickB 

which ~ied at the pipping stage. In,poultry breeding, it 
~ 

~~~ known that atorage o! egg8 in warm temperaturea prior to 

~incubation impairs hatchability (Landauer, 1951). 
1 

, 

The Blight differences in the de.ign of the Mar.h 

Parme RolI-X incubator bought in 1975, i.e. thinner wallB, 

a. compared toI the l~74 mo,\~l may bear Borne importance, a. 

the former .eemeC! to po •• e" an 

pumi~ity even though volume and 

inh~ent hig~er relative 

.u~t~ce a~ea of the water 

were virt~lly the •• me in both incubator •. .. Several laboratory 

• r ... ~ ... '" r, St 
1 

" 
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thermometers were used to test this, as the, thermometers 

sold with the incubators are of lesser gua1ity and hence 1ees 

accuratc. On May 27, 18 out'of 26 fertile eggs kept,in the 

1975 incubator held dcad embryos. (The rernaining e'ight were 

moved ta the 1974 incubator which had a1ready hatched 22 out 

of 24 eggs, but' only one of these hatched. The total per 

cent hatchability for the 1974 incubatar in the years 1974 and 

1975 were 95.and 69.~, respcctively. 

The thitd pos8ibility i8 the effect of the AI method 

of mating on ~e hatchabi1ity. Of the 26 fertile e9gs held 

in the 1975 incubator ~r~or to May 27, 15 were produced by 
1 

AI. The single eqg that eventua1ly hatched in the 1974 in-

~ 

c'ubator'was an AI egg. Included tn the.22Cf 24 eggs success­

fully hatched in the 1974 incubatQr prior May 27 were three 

AI eggs. Fina11y, 22 out of 39 fertile AI eggB kept ln the 
~ 

1974 incubator succc.8fu~ly hatched after May 27. In view 

of the excellent h~tch of AI ego. 0ïtained in 1974 by art­

ificial incubation (18 out of 19), it aeems doubtful that AI 
.. 

e998 are inferior to NM e9gs in hatëhability. 

" The influence of pen design has a1ready been mentioned. 

The low hatchability of NM eggs both artificially and natural­

ly incubated laid under exposed conditions in both 1974 and 

.. ' 

1975 certainly makes further re.earch into th!s a~pect extremè- , 
\ 

ly important. 

Wlth, re.pect to bacteria1 contamination repor~~ in 
• 1. 

e9g. laid by captive .. keatrela (Porter and Wiemeyer, 1970), 'it 

i. difficul~ to draw any conclu.ions a8 ta whether this i. a 

cause or a consequence of embryo mortallty. Althou9h environ­

mental cl.anline •• in peh. and the incubator room wa. equally 

! 
• • l' f'" or • f ~ :1'.,". 
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maintained in either year, this factor cannot be entirely 

ru1ed out. It lB not impossible that contaminated eggs 

moved from the unsuccessful 1975 incubator on May 27 to the 

1974 i~cubator may have resulted in further contamination 

,and a poorer hatch in the latter incubator. 

75 

Increasing age of parents was also proposed by Porter 

and Wiemeyer (1970) as a possible cause for the poor hatch 
~ 

• 
of eggs laid by non-yearling pairs in 1968. This might not 

~ertain to my experiments, as yearlings were paired with 

older birds~ 

" In retrospect however, it seems plausible that a 

cornbination of both unscasanably high temperatures i~ the 

month of ~~y ~here the greatest hatching occurs and the 

inherent qualities of the 1975 incubator were most likely 

reaponsible for the poor hatehing reluIts in 1975. 

The high fiedging suceess of hand-raised birds as 

compared to parent-raised birde ia a strong indication of 

an excellent procedure for hand-railing keltrel chicks, 

thereby enhancing the value ot the American Keatrel as a 

research ani~l. Also, there is no doubt in the author'a 

" mind that keatrels produced by AI are as healthy as tho.e 

~ bred naturally. In tact, some ot the AI birds pr~duced in 

1974 succes.tully mated and tledged young in 1975,. probably 

conltituting the tirlt birdl ot prey in hiltory ever to do 

10. 

6.2. nuration of Fertility 

Sinee fertile 8g91 appe.r.d only two dayl alter AI 

.1.2 per cent ot the tiœe, thil indic.teltan on.et , 

• 1 

1 
/ 

1 

1 

1 
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of fert~~ity of about one day, allowing for one d~y of egg 

deve19pment. If 'capacitation' of spermatozoa, a phenomenon 

described for mamma1ian sperm (Chang, 1951), 9ut ~lso sug­

gested for quail (Ogasawara and Huang, ~963) does occur in 

the kestre1, it will require at most one day. The dura-

tion of ferti1ity of 8.1 daye indicates the presence of sperm 

sto~age glands i~ the American Kestrel as reported in chickens 

(Bobr et al, 1962), turkeys (Verma and Cherms, 1964), and 
1 --

both pheasants and guai1 (J. J. Makos III in Smyth, 1968). 

Further research on other species of birds of prey would 

probably revea! aB much, a1though Corten (1973) suggests 

that .perm storage glands do not exist in goshaw~~ because 

of observations of numerous copulations required to fettilize 

one clutch in the wild (Holstein, 1941 in Corten, 1973). On 

one occ~.ion, a fertile 8gg was produced·at 1ealt nine days 

after the previouB egg wal laid, giving a lupposed dur~tion 

of tertility of 15 days. This is not conclusive however, as 
e-

there i. th~ pos.ibility that the terti1ized egg wa. held 

in the .ystem for the unusually long period between oviposi-

tions. 

In view of the Aboye duration of fertility, the author 

recommends twice weekly inseminationl, but ta ensure the 

highelt fertility, one cannat go wrong by !n.eminating atter 

every ovipo.ition. 
1 

6.3. Semen Production 

6.3.1. Per Cent Suce ••• tul Mas.àges 

The little d1fterence in per cent suee •• stul ma •• ag •• 

trom y.ar ta y.a~ indicatee that-exper1ence with the 
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" technique of collection does not play a large part in the 

successful procurement of sernen. In 1974 the role of the 
1 

operator who collects the semen in the tube was comprised 

of many different individuals, sorne with no experience. In 

77 

1975 this role was undertaken by one person. The importance 

of experience ls mainly strcsB~~ for the collection of good 

quality semen free of urates, as already demonatrated in 

chickens (Burrows and Quinn, 1938). , 

The high percentage of collections resulting in 

ur~ëB in the month of March was likely due to the feeding 

of males prior to collecti9ns on collection days. This 

percentage was decreased by more than half by simply not 

feeding the AI males uniil aIl collections were performed 

on that day. The 11.8 per cent collections resulting in 

blood-tinged samples occurred almost solely in March. The 

situation was remedied by placing pressure on the abdominal , 
area just below the cloaca with the thumb of the hand hold-

ing the bird's legs during milking of the semen. Less pres­

BUre by the milking fingers is needed and consequently, the 

chances of haemorrhaging greatly decreased. Sxtremely cold 
t '" 

temperatures and collections made in the beginning of the 

1975 season perhaps with hore zeal and les. caïe than in 

1974 may have also contri~ted to the caus •• 

On four occasions,' semen was ejaculated with little 

or no massaqe required, indicating tha~ some of the males 

were being conditioned to the technique. It i. c~nly 

known in poultry that males will respond to the ma •• age 

technique' except10nally quickly after a peri04 of praot1ce. 

-"", ., il f" .. ."" 
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In two of thesé instances, the semen ~xamined was contaminated 

with as much and more debris than samples collectrd previously 
~ 

by full massage in the same bird. This is not in agreement 
\ 

w1th the finding, of Kamar (1958) that cock semen obtained by 

collection without milking ia re1atively free of contaminants 

com~ared to that milked from the bird. 
[, 

6.3.2. Factor~ Inf1uencing Semen Production 

6.3.2.1. Influence of Age 
1; 

The significant-positive correlations found between 

ag~ of the males and either semen volume or .perm count per 

t:'J acula te vol ume does not agree wi th the ,esul ts ovta,ined in 

fowl (Penquite et al, 1930; Burrows and Titus, 1939) or 

thosc reported in turkeys (Carson!! al, 1955a). They were 

1ikely due to the little variability in the.e charaeteri.~ies 

expres.ed by the older birds. However, some yearlings were 

extremely ea~able of produc1ng volumes of semen and .perm 

numbera that equa11ed or surpas.ed those of sorne of the older 
1 

b1rds. Inereasinq age did not influence the duration of 

semen production to Any ,large extent as suggested by the 

ex~eriments of Corten (1974) when hls tierce1 goshawk produced 

semen later 1n the season than it had previou8 years. 

High pere.ntages of abnormal .permatozoa in young 

cockerela have been repqrted by Samp.on and Warren (1~39) 

and Van Drimmelin (1951). In the American Keatrel, notic.­

able numbers of abnormal ap.r~atozoa were observed only 1n 
; 

the early collection. of four yearlin9' and two older birda. 

6.3.2.2. Eft.ct of Body Weight 

This .tudy reveal.4 no po.itive ~orrelation betw •• n 

• 

'. 

.. 

f 
; , 

1 
1 

J 

f 
! 



( 

/ 

, 

... 

(J ", 

• 

- -

~-

79 

body weight of the males and ejaculate volume as reported 

in fowl by Penqui te ct al (1930) and HS't'tmann and Gleichauf 

(1974). Also contrary to the observations of Penquite et al 

(1930) concerning a ~egative correlation, a significant 

~ositive relationship was shown between body weight and 

concentration of s~ermatozoa. 

6.3.2.3. Individual Variabtlity 
/ 

There appears tD be a reasonable amount of individual 
• 

variability with regard to aIl semen characteristic8 in the 

ke.trel. ,This Agrees with, the finding of Carson et al (l9SSb) 

of con8iderable variation in semen volume in different m~le 

turl'.eY8. l t only Agrees partiall y wi th McCartney (1956) who 

found no 8~gnificant differcnces among toms for semem volume, 
• 

motility, pH or sperm concentration, but did for Iperm numbers 

per ejacu1ate volume. 

6.3.2.4. Time of Year 

Binee lemen production did not begin both years unti1 

at lealt March 19 and continued ~p to June 30 in 1975, a 

4efinite .ea.onal production is confirmed in the ke.tre1 as 

,lready demon.trated in chicken. (Parker and McSpadden, 1943), 

turkey. (Car.on !i !.!.' 1955a) and ~tarlin9. (Bis.onnette 193,0 

in Bi •• onnette and Wadlund, 1932). 
1 
1 

With re.pect to duration of .emen production, the mean 

of 73.6 day. ranging trom 48 to 101 day. report.d in thil 

vork agre •• rea.onably well ~ith the 111 and 70 day periode 

ob •• rv.d in tvo Golden Eagle. (Grier, 1973) a. well a. that , 

.hown in go.havk. (Cortan, 1973). Th •• omewhat .horter • 
/ 

perioda of attempted copulation. in ha~. d •• cribed by Serry 

"'-
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(1972) and Bird and Laguë (in press) do not necessarily 

signify periode of semen production, 3S moti1e Iper~ were , 
." "tr, collected from paired kestrel ['[lales long after egg-1aying ~ 

ceased. A1though no dates of commencement were recorded 

for paired rnales 1 the termlnation dates of semen produc-

lion in both AI and paired male~ were very close. 

A definite peak in 8cn~n production during the 1ast 

three weeks of Aprll coincideB extremely well wlth that 

reported in chickens (Parker and McSpaüden, 1943) and with 

testes deve1or~ent in starlinqs (Bissonnette and Chapnick, 

1930). It a1so falls lnto the period of maximum Bperm 

IJroduction for turkeY8 (Carson et al, 1955a). 

~erry (1972) Btated that semen i;roduction WaB clo.ely 
... 

synchronized with egg-layinq in his goshawks. Figure 12 ~ 

lummarizes the appr0ximate laying tlmes of wild and captive 

ke.tre1s and the periods of .emen production of. both 1\1 and 

UM males. Lgg-laying in the paired NM fema1es u.ually took 

place during the last two weeks of April while the Ilngle 

AI fem41es with few exception. laid e9g' one to twoçweek, 

1ater than the NM female$. The egg-la/Ying time. of the NM 

bird. coincided quite clolely with tho.e of wild ke.trels 

layihg e9gs ln'the Montreal area in 1973 and 1974 (Eird 

and Spiegel, 1975). It i. ctrarly ~vident that semen ~roduc· 

tion of the AI males is closely coincident with the e9g­

laying period. of both wild and captive pair. of k.strels 

in the Montreal area. lt i. alao apparent that sorne under­

lyin9 factor common to all of the above bird. 1s re.pon.ibl. 

for thi. clos. synchronization of •• ~n pr04uction and e99~ 
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6.3.2.5. I~tluonce cf l'hotol'orioc1, 

ThAt photoporiod OT th", 1elnqtheninq dAily *\ln11qht 

pCllrioc' ta probnbly lhC' ""o"t iml'0tt-.,nt. fActor intluoncinq 

qonAdnl cycl~~ in bird~ hA. "l~QAdy bo~n .hnwn by Bialonnotto 

(1936), Rownn (1938), "nrnCllr (19S'9), Wolt.on (1959) and 

St'hWAU (1970). 01ff'ort'nt liqht.inq roqimo. hftv. h •• n r.ported 

to ft! toct both a.mon prnduc tion "nd lomon qual i ty inch ieken. 

(l~moroux, 19431 nonAdonnn "nd Po~~i, 1955, DftjpAi, 19631 
i 

Pnrker nnd MeCluakCllY, 1964). ThC' import.'\nc. ot photoporiod 

na a Itimulntnry 'nt'tor in ~qQ-l.yinq in Amarican ~.ltr.1M 

h". nlr",ndy bocn ahown by Willouqhby and C"d~ (1964). Sinc. 

penk l'r<'h1uction of a.mon waa t'ln"oly aynchronilod with eqg-

layinq in thi" .tudy, on. clin conclud<t that photoporiod plllya 

a .innific"nt rola in It.imulfttinq a.men production in th(.'l 

Amori cnn K •• trol. It ia hot yet known whetU;(.'Ir a ... mtm produc-
1 

tion in AmC'l"iC'nn J«\atr(.'ll ~ coule' be prolonqt'd for ('xtendod 

l'C'riCH'. by holdinq tha photol'(.'Irinc!ic roqim(\ nt l'onk produc-

tion lU wnll <'OIW in .. tnrlinqs in Cftli!orni.'\ (~chwtlb, 1970). 

Th~ lnyinq of oqqs by tho .inq10 Al remllle. one te 

two W~~kA Int~r thftn NM f(\mlll~~ if n rroblam thAt muat bo 

aelVtlt.i. AU<lmptM te r..,rtili1.CI ft "(IIconrl clutch of eqq. of 

the AI !flImftlolil in 1974 by removinq firlt clutch.a werf' for 

tho moat pttrt foilod bocau •• the .emen production ot the 
< 

AI mft1e. wna aec11ninq rftpidly at th~ time of that laying.' 

1\ p08" iblo 11101 ution miqh t" 'tlo th. ft 1 terfttion of photoporiodic 

r.qimea of oither the temal •• or tho malea 10 that .emen 

production of tho 1\1 mal •• and .gq-laying of the AI temal •• 

,. 
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Are mor~ elolo1y .ynchroni •• d, i ••. lag th~)photoporlod ot 

th. 1\1 mA 101 two w~"ka boh ind' or ftt1vnnco 'th. photoporiod 

6t th~ 1\1 tomAl •• br two w •• k~. 
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ln concord.nc~ with ni •• onnotto'. (1931) concluaion. 

that temp.rature ~nd b.rom~tric pro •• ure are not regulatory , 

tactot. in a.xunl chanq •• in .tarlinq., th ••• variable • •• 

woll ft~ l'or c.nt po ... 1blC' ImH,hino WGro round not te- at'f.ct 

.omon production or ... men quft1 i ty. In f"l~t," '1ond qunl! ty 
o ' 

•• m.n waa c<lllecttlld At tomporAturC'. bolow -11) C and'-...lnbove 

lOoe. Th h ia ~ complot" "qraornont with rcu,\llt. repartod . 
for towl (Wh~~l~r and 1\ndr~w., 1943). It ha. ftlr •• dy b •• n 

ahown that ke-a'troll' can produco fttrti t. oqQI "in winter 
. . 

roqardlc. a ot tempàrat ure (Willouqhby ftlH1 CndC\, "1964) . 

6.3.2.7. Management of Mnlal 

Th~ reault. of Tnbl(ll 14 _~am to indic~td that male. 

kept in .mAII qunrt~r~ lantnl.cl trom tomalea I.\r~ aup.rior 

to both paired mAI~a nnd coloniAl malol in ~lmo.t ev~ry 

•• mon ch~raçt.rj.tic includinq pey ~ent .ucc ••• t~1 m~ •• age •. 

Th il ia not ccnqruent wi th tho work of Loren z "!.!. !J. (1956) 
~ 

who found no lignificant di ffer(!l!l~cfll' in aamen volume' or aperm 

C'oncflIntra tion. bt'twet'n pl\! rod ftnd non-mA ted turkey toma. 

Thé reAulta report.d heretare nnt necea.~rily conclusive 

how.ver, lUI th. AI male. were handled reqularl y pr 10r to 

May 27, wh.re •• the paired and colonial male. were not. ln 
1 

.upport of th~ re.u1t. ar~ the ob.ervation. of ~urrow. and 

Ou!nn (1937) in fowl and Owen (1941) in pi~.ona that mal •• 

k.pt in ~arge pena or mal •• paired with femal •• may be 

.. ' 
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~ 
1 
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.j.cul.t~d roqularly bût qiv~ amaliof yieida al aemen. - • 

Thert> a rfl two ftdvnr'\ t"qoa to k.epinq mnioa in ImA 11 

'luArt.r" ei thc'r tethe.d in tAlconer 'a raahion or held in 

bo)( eng".. F1ratly re.d1nq ia more .a.Uy eontrol'led and 

thua on~ cftn r.dueo th~ ~.r cent collection. contAminated 

with urntolII. In thia ToqArd tht' AT ",1\01 held in box caqe. 

hnd lowor rorc.ntAq~1 thnn oith.r pnired or coloninl malea. 

Socondly, th~ atr •• " nnd traumft a •• oetatod with catchinq 

maloa in larqQ l'on. i" conliderably r.duco<.\ by k.epi:nq mal •• 

in ~uart.rft wh~ro thoy eAn be r.Adily nnd ""aily cftuqht. 

Althouqh Rnwan (l92R) in hi. "arly work on juncoa IUQq(utqd 

-that exorciso promot". qonadal dcva1opmont in birda, U1 •• on-

n~tte (1931) ob •• rvod no auch eff_ct in hi~ atar1inqa with 

addition"l .x~r~i.o. In thia atudy, r •• tricted 'p"co, hence 

poalib 1 (\ 11\ck or ex.r~ i 110 of tho J\l mnlt'I h"d no noq" t i 'le 

in rl uonC'o on tho i r .emon product ion. 

6.3.2.8. Nutrition,,1 Erreet'-

Sinco .oman collrctad in 1974 wa. rar.ly examined 
\ 

microacopicn11y, it ia virt~al1y impo •• ibl" to compnrC' .em" 

quality batw.cn 1974 and 1975 whon ~h. food of the Al mal.J 
" 

waa supplomonted b~addition. of calcium and phoaphorua in 
"-

the form of bone m04l. Although tho per cent .uccesaful 

ma •• ag~s was highor in 1974, the fertility W41 considerably 

lowor in 1974. Gander. whon red a hiqh calcium diet gnvo' 

increa •• d',perm concentration and viability (Molnar !!S..!!., 
) 

1971, Rovac., 1972) ~ and whon red a hiqh phoiphorui di.t, 

qave,increa •• d aperm concentr4tion and ejacu1at~ v~lume 

(~OV4C., 1972). From th •• o r.sult., it il poslib10 that 

•••••. ~!\i'ir 

( 
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th. incroA'C'c1 diotAry cAlcium "l'Id pho.phoru. of AI k •• trol 
""" 

malo. mAy havlt bocn r •• pon ... iblC\ for th", qrqntly incro",od 

fortility. Furthor' rs.C'arbh i. r.quiroc1 howovor, botoro 

~ny .olid coricl~.ion. -cnn bo drawn. 

6.3.2.9. ~tfoct. of Froquoncy of Ca110ctiQn 

Tho faw Db •• rv~tion~ on th" offect. of fraquoncy of 

colloction did indicnt~ thnt both d.,ily And twiet' daily 

~ collcClion~ r~ducod th •• ~mon vo1umo, concontratlon of 

.pC'rmlltoltH\, And .pfl'rm numbfl'~" pnr ojftculftto volume. Thi. 

fil'ldinq ift in complt'tt' ftqrecrnont with tho.c rcportod for 

fowl (l'onquit~ !!!!l, 1930, Snmp.on l\nd Warren, 1939), t'or 

turkeya (f.oronz et al, 1956, McCartnny et al, 1958, Ne.tor 
II' .. - - ---
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and Brown, 1971) 1 but only partinlly fcr hAWklll (Temple in 

Gri <"r el !l, 1 972) nll dni1 y colltlctiona in qo.hl\wka did nat 

"pp.nr d.trimontal to lemon qunlity (Corton, "l973) . Tho 
\ 

docr.aY~ in apurm num~.r~ in twic~ dai1y colloctions Alao 

land. support to OW""" (1941) !o~linq. that r~qular collcct-

ion. more than onco " dny caufII<'!l mal. piqeons te bocm"C" 

ft.permic. To obtftin qood sornon qu~lity in k~~tr.1R minimum 

~nd maximum intorvn1a botw~~n collnctiena ftppOAr td b~ 

roapo<.'t i vt"l y two dnys and rouqhl y C}no week. ,The Rame re­

commandations exiat for chickons (Smyth, 1968) and turkoys 

(l.orenz !.!~, 1956). 

6.3.3. Relation.hip of Semen Characterisfici wi th Forti1ity 

and Hatchl\bility 
• 

-

The ab •• nce of any rolationahip betweer moti1ity and 

tertility agrecs with the findinga \of,McCartney (1956) 1 Gro.sc ~ 

1957 in MeDanie1 and Craig (1962) and Boone and Hu.ton (1963).( . 

~ Q 

... 

~ -- - --- .--- -



Howover, A~ ·moat a~men aAmplo. ua." far AI in k.a~r.ls have 

" hiqh mot;ility scoro, it ia po •• ibln thftt,thc littl('\ vAr!-

86 

, nbility in thi. f'ftctnr m"y hftVl' mA.ke" n trut'l ('orreslfttion. 

t . ~ 
• 1 " 

In fow 1 ·a l~ i ti v('\ . corrolA tion hA. been ahown by m~",y 

r ••• Archer. (Shfttfner nnd Andreswa, 1948, Allon And Chnmpion, 
• 

1955, ('c;,)opor and Rowe11, 1958, McOt\ni~l Im(\ Craiq, 1959, 

1962, Ramnr, 19~O/ Smyth, B, ~Ammorer ~ ~, 1972/ Mymrin 

1 think thnt mn,ilitv 
iA n vn1unb1e ind~cato \)f "t'lmon qua1ity. 

Tho ra.-ullA p.rtni~inq tn durfttion (')! motility unoC\r 

atorago <.'onditio.nfl~comPftr~ with thftt reportad !(W on91('8 

el ~, 197:2 1 J(:\m,'\r 1\1'\ 

,"' 

(al" i or, 1973), goahnw'ka (Cortt"n, 1973) ftnd towl (GlIrron nnd 

Shnffnor, 1952; Huna"k(!lr ot lI1, 1952). Sperm motility up .--
() 

t~ 12 houra wnA bt'ltt('r mnintnined nt 4 to 10 C nnci th(' lonqest 

1 

durntion of motiHty in aAmplt'lA ",ixt"ô wHh Wi1C'()( phoaphntt" 
f 

buff~r wfta nnly A1ightly .~ortor nncl comp"reci w('\ll with 
• 

sin1ilnr aftmples h('\10 nt refriq~rftt('\o tempornl\lres. Th .. mllin 

di."dvAntnqo 0' hold{nq snmp1cs ftt room temporAlurf' wns 

bncterinl qrowth which wnA nover !'et'n in refriqerftted sllmplt'\s. 

The overnll rOlults aoom to indicnte 'th~t motility of ko~trel 

aperm i5 bast mllintained for nt leaat up te 12 hours when 

mixed with an equa1 amount of Wilcox phoaphat~ buftor and 

kapt in th~ cold. 

Seman volpm~ WAS net siqnilicant1y related to fertility. 
\ 

In f fow1, on1 y two reports .of auch A correll1tion exiat (~amar, 

1960, Kamar and RAZik# 1973), whilo th~ ~ajority of research­

ars (Shaffner and Andrews, 194è, McCartney, 1956, Boone and 

, 
1>;,,', •• 

" 

, 

! 
4 
l 

t 
1 

i 



. ( 

li , 

( ) 

, 
\ 

87 

liulton, 19631 Smyth", 1968, Hftrtn)~nn "nt' Gloichauf, 1974) 
> , 

fO\1nd no c.widot1cCI of thia r.lfttion.hip. ' 1 

Simil~rill', thr ftb.~nco of ~ ~iqnific"nt rol~tion.hip , 

bctw~on conc~ntr~tjon ot Ip~rm~to~o~ nnd forti1ity i- con-

qr\10nt ~ith th~ findinq~ ct Shl\rfn~r And AndrowA (1948), 

McCl\ttney (195fl) ftnd t\()()fH' "ln~' HUlton (1Cl63) in fowl. t'\l-: 

thouqh .('Ivon,l othor, t'owl ro.".,r("h('lr~, Mom(' mor('l roc(\nt, . . 
boliev('l it te.) axiat (Cooprr And Row(\ll, 1958, RAmar, lQ60: 

Mymrin tH !'.l, 1972r f(nml\r and RIUik, 1973; Bftrtmann .and 

G1c1chnuf, 1974). 

wn~ l'\Qt (ounl',to rOAult !rnm C'ontl\mit"'tion by blond. Thü, , 

(Griol" f'lt ~, 1972: cyrt('ln, 1973) or in 5('1m(\I) of larqo 

fah'ons n'l'fl', E,nd(\rROn, perllonl\l conU1'unicJ\tiollA). 1I.lth()uqh 

.om(\n cclour Wn~ nat siqnific~ntll' correlntcrl with nny other 

... l('Imon chl\rl\ctoril'ltiC"B or !Qrtility 1.H" h.'\tC"hability, it did , 
appOl\l" tlH\t the more Ambor tho Rl\mplos wero, th" more h1'l111Y 

contamlnntC'd they wt"rC' with ~l'ith('llil\l dobris. noC'rc.,~~d 

sampl('s. Vi!'C"ous, opnque snmp1N~ u8ually were hel\vily 

C'ontftmihat('d with urates. Ther('foro, one might ~va1uAt(\ 

semen qUllli ty by ita calour which supports the dAim bl' 

Brown and Gr~ham (1971) in turkoys. 

The only charnctQristic, sperm count per ojaculato,. 

to be aigni f iCAntly and posi ti ~ly correlA ted wi th. f,ortili ty 

was not found ta have such ft relat.ianship in fOWl {Sampsan 

... 

, 

.' 
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"-
~nd W~rr.n, 1939r HArtmann And Gl~ich~ut, 1~74). 

1 

Th~ contnminanta d~acrihnd in qoahawk .nm~n by Cort~n 

(1973) w~r(!l only occ".icm.',\ly ob'l(u'v~d ,in kourol l'crnt'ln., 

Mo~t d~bria con.i.t~d of ~rith~liAl c~ll~. Sinc~ InJ~min~­

tion.- woro pClrtorme~ t\lmoat hIJnt'H11l\tnly nftnr C',)ll~ct~n., 

t'ecAl cont.,minl\ticf.' 1 ik('ly cHef nnt Affoct fcrtil ity l\R' 

report~ct f(w fnwl hy Srnyth (196B). 
1 

pro.~nt lm}y in ~"mplc. collectcd ol\rly ~n tha "t'ft.on. Norm"l 
" , 

apemtltt'l20ftn "'tllH1s durinq l o ("orn,)t ion hAd .'\ !'omcwh.',t elonqatt!td 
/ 

il'lly-bel\n ahl'lpf" (Fiq. 13). Clntl htlftd mel\surcd rouqh1y fonr 

micron" lonq :md t. wo mi croll" w ide ,,/lei t 1w t., i l 1 c."nqth wn!' 

ftpproximl\.tely lS to .Ul micr()n~. Tht' overall df'lM"ription d1(-

(cr. in both APPt'tlfAnC'o And 5i%0 with thl\t for .pormato~ol\n 

hf!\n~R $1 larq~ (l\lccm~ (Cortt'I'I, lQ73, 1974'. Locomotion con-
/ \ " 

8i.tc~~ of ,. count'(,l~clock""iR(\ turninq of thn (-",tire body. Thoy 

wetQ cnpt\b1c of movlnq oH " rT\(\fttl spot'd of 2.6 mm/ruin., yaRQ-

in9 from 2'1 to 3. Mn10r l\lmorml\litiNI obsorvod wtlre \ 
,1 

elongLttod ht'4,1a,· bluntOti ht'ads, tiny handR which mny b"lOlhl 
,( 

to ilM'lAtur(' sperm, ",ncl t'xt romp C' l umpinq of sre rm llround 

debris. A11 of thes~ hl\v~ b('cn rOJ~rt~d in poultry (Sl\mpson 

ftnd Warren, 1939: Snirai, 1963). Furthcr rosol\rch in th(' 

Ar~n of raptor .p~rm morpholoqy ·~hould bo encouraqed as 

severnl re8N,rcht'rs have boen abl('l to di ffercntil\tt' betwel\1'\ , 

varietics of fow1 by variations in the spermato2onn heada 

(t<ashiw&bara, 1964: Sharma and Sidhl\', 1971 i Sinha, 1971). 

This mAy provo a va1uablo taxonomie too1. 

~
~:r~---- -_o. 
~~"'~'. - ' 

... Ji.: • , 
f ,:.; t ., 

• 
t , 

, 



( : 

, 

/ 

() 

. -

-",....... *-

/ 

,. 

; 

Figure 13. Microscopie (700X, phase contraIt, qreen 
filter) view of spermatozoa collected 
from an 1\1 "male keatrel. 'ote the aome­
what elongated jelly-bean shape of the 
head .and the dena. epithelial debris 
lurroundinq .t~e, aperm. 
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Non«, (.) f the èorre) ft tion!' ctf"aC'r ibed in fowl bf'twt\on 

a ,me" \1'() l um t' ., n ct 
1 

..., .. , 

l'I'otility (McOl\nil'll :\nd Cndq, 1959 r Mymrin 
\ 
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~t. !l!., 1972), (W !'t"mt'n volumt' and c(:mc~'ntrl\t ion of apf'rmntoIOl\ 

(C:\l'son ~ ~}_, 1 ~55b) WCl'"t' rtlcordcd in thiEl study of t)'l" 
Mf"rh'I\n l<(\~tl"(\l. rht' po.ttivl~ rell\tion!'hifl betwN.'In motility 

1 

nnd C()!H."ont t'.., t iOI) (l! spf'l'"mn tO%O:\ l'"tll'orteù hart' ia how(\vor, 

in I\qroomt'nt with thé" findinqs of McOl\l)iol I\nd Crniq (1962) 

"nd Mymrin ~ al (197.2), but h not consistN'\t with tht' 

noq.'\tivt~ l"ttll\tionahip rtlpol"t(\(l by Nishiyam.'\ et al (1971). 

SUCCt'SRful mlli'U!l\O()S .,nd Rt'mt'J) vnlumt' soema to indicl\t!? thlH 

tlw qrC'"tol" thl' numbt'l l); S\lcct'sA{\l1 ml\!uH,qt'sl ml\dC' on the 

mnll', th(' aml\l1f"l" w~ll bC' thtt mNm volumf" nf !II('mC'l) of that 

pl\rticull\t" n'"It'. Th<- incluslon of th(\ fow collt'ctionR mndt' 

daily "nd twicr dl\ily into thtA analysis l\nd thr l"oduction 

of the ~.men vol umt' producrd .,s t ht< 90n~0n l'roqres!lI('\s may 

hnvC' nffectt"d this rt"ll\tionship. 

In turkoys, Knmnr (1960) nn~ Kaml\r nnd Rl\~ik (1973) 

hllVCl dt:-fined siqnific.'mt positiV!' r~l"tionships b('twE\~1"I 

hatchnbility l\nd either motility or ... conecntrl\tion of spcrm-

atazen, but not semem volume. This study revealcd no cor-

rol~i()ns betwoen ha'tehability "nd eaeh of the six 

ehAraeterist ies. 

Parkcr's wbrk on turkey semen pfoduetion in 1946 

suggests a neqntivv relationship between semen volume and 

... . 

l 
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SPOrt" concelntrl\tion. TurkC1Ys produc~'\ l(u. thl'ln hA1 f th~ 
.' ,.. '. ' 

.omen vol ume- produC'('d by chickonR, but \IRUn11 y hftvo twict' 

the conc~ntrfttion of apermfttoIOl\, which rouqh1y t'quftli1.oa 

t~t~ numbor of ~pe-rm per ciftcu1At€'. Th€' rosulta obtftinod , 

.. 
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on the koatrel ft~poftr tn contrndict thi. au~qoRtion. Furthar-

more, ft r('lfttion botwof.'\n si'1.€' of.' specit's ",nd ita monu 

concen trl\ t ion of apt'\rmfttozol\ dOt'R not aeom l ike-l y, "a t h~ 

tiny qUAil product's fln mor€' !!Iperm pf'r Cljftcul .. ,t(\ th:m the 

t"qu.,lly !IIm.,ll Kt'Rtrel. LikcwiR(', tht'" durAtion (.)! fortility 

of tht' k<,str~l i~ hiqhly compftTnblC' tn thftt of tht' much larQ~r 
& 

II<. 

ducks And ql'C'!W. With the {txc<,ption ("\f tht' 50#1 of .t'men 

t"ilt"d HI\wks nrt.1 cnpl\blC' of producinq 10 t imC'. ft!ll muC'h 50mttn 
~' 

ft S k (\ s t ro l 5 in l" S i. n 01 ('\ e j l\ cu 11\ t ion (G ri (" r ~~ ,,1, l 9 7 2) . 

6.4. Renefits of hrtif~ial Insomination 

ThC' followinq arC' list(\d li!' pr~~('nt llnd futurCl bon(\-

fits of th" techniqut' of ftrtifiei"l in!1('minfttion l'\R ndl'\ptt'd 

to birds of prey: 

1) l\ wE'll-prav(\n tt'chniqll€' of "rtif'ici~l ins(\minl'tion will 

nllow rnptor breeders ta rnnk~ b(\tter us~ of birds not 

willinq to m~t~ naturnlly. 
" 

2) Th~ techniqu€' of s~m~n co11~ction nnd inseminntion should 

nllow res(\archcrs tn qain further insiqht into the repro­

ductive physiology of birds of prey, which 15 qrcat1y 

lackinq nt present. 

3) Th~ collection and examination of raptor semen without 

sacnificinq birds rnay bec orne a uaeful and important para- _. 

meter in measurinq affects of chemical contaminants in 
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in tho environment"on ropro4ùctive functiona of raptora. 

4) • Tho ua. of artificial inaamin.tion rnay furthor pave tha."" 

5) 

.. '-, 

'1 

wAy for genetically·controll.d braedinq exp.rimentation, 

i.e. ta d.t.~in •• tt,cta ot inbroeding or to produc. 

'auper-hawka' more auitAbly adapted for A conatAntly and 

rapidly changing environment. 

The micr6scopic examinAtion of morphologieal feAtur •• of 
.), ' .. 
apermAtoloA eollected by an inexp.naive, harmle.a mean. 

rnay prove to b. a valuable taxonomie tool in diff.rentia~­

ing .peeie. And aubapeeiea ~f raptorial bird •. 
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7. StlMMl\RY ~ND CONCLUSIONS 

MethodA fOl" somen colloction "d intravaqinal 
,;-

inaominatien for amall falcons hav~ b~on d~acribod in 

cletail. Data was colloct~d on bath tcchniqu~. te fully 

dt"tormine thei r val ua. The' POri~)d of .t"mon pro~uction 
in Moricl\!) Kcstr(\ls Wl\S dt"terrninod lH\d the factora af-

!ectinq a~mt"n l'roduction warc examinod. Also atudiod 

Wl\S th~' durat ion of fertili ty in tomale keatrols. St'veral 

~~mon chnractoristics were evaluated and rolated ta f~r-

t11ity, hl\tchability and te each other. 

Th~ follawinq conclusions nppoar war~~nt(\d from 
\ 
th(\ abov(\ Rtudie~: 

(1) ln proportion, rnor<, lin'11<..' AI {pmAles ll\id (\qQs when 

expolod tn other ~ocil\l mates, i.e. mated paira, single 

lemales th~Ul whon isolatcc'!. , 

(.2) ln NM pairs, thE' hatchl\bility of eQqS laid in isolat«,d 

pens was considerably hiqh~r than that of bhose laid 
/ 

in expos~d pens, undcr botl\ l\rtificial And natural 

incubation. 

(3) Thero werc no significant di f{t'rances b..,.twee-n matinq 

typos, i.e. Al vs. NM, with respect te pcr c@nt laying 
/ 

(4) 

females producinq fertile Qggs. -
The overall fértilities from eithor rnating type wer~ 

extremely close (AI. 57\ NM ~ 61\), while the fortility 

.. 
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trom AI w~u almoat 15 p.r c..nt hi(}h~l" th"f\ thCl r~rt i 11 t.y . 
of th. NM pair •• .. 

p (5) J No 11qnifiC'lH'It cHf.forenc •• wttrl\ pro.tlnt b@twfHm th" 

htltchlilbilitiNI of ogql' t*oduc~d by ",ithC'r m4tif\Q t\yp~ 
l' , 

undor tlrtificial and natural incubation . 

(6) 
. \ 

Tho onset ofÇfortility wa. about on~ day ftn~ th~ m~an 
" '" , 

duratien of fertility wa. d.t~rmined ta b~ 9.1 dAY', 

pointinq at ftn inft.minat1on proqram of about twi~~ 

w(\o~ly . L 
The mltssftq~ t~C'hniqu(ll WAlil succ •• sful in nbtaininq 

me.ftsurable volumfl' of .emon 74.2 por cfln t of th() t imo. 

(8) Collectinq th(\ som.n prior to fe()dinq _iqni fictlnt ly 

reduced th(\ per cent collections with ura~~A. 

(g) Tho mE'ftn vol ume of s('men par colloction was 14 ~ 1: the.'" 

mean sp~rm concflntration, 32,400 sp('rms/mm; th(\ mo"" 
1 

.perm C'o\.mt par C'jaculatE', <477,5001 tht' mE'l\n lTK.')t il ity 

$cor<" 3.9:, th~ mClan p(\r cent cont"mination, 68: and 

thE' menn semon l\Pp~arl\nC'~ scor(\, 2.~. ) , 

(10) The ag~ of malos wnA dqnifi.cantly and pO!litively 

corr~lat.d with both sem@n volume And sperm'count p~r 

ejaculat(\. 

(11) Th~ body weiqht bf tht' males was siqnificantly and 

posi ti vely correlnted w1 th both sperm c·oncent r.!\ t..i.p11 

1 and sperm count pur ojaculate. 

(12) In 1975 the duration of semen production was 103 dll)'!;, 

beginning on March 19. The mel'\n durl'\~ion of semel) 
, . 

\ 
product'ion in 1975 amonq 17 males was \73.6 d~ys and 

was sliçhtly hiçher for oid~r males. 
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(13) S('mt'n product ion ot" th~ 1\1 malC's a}lpC'.,r~d to be- é10scly 

syhchronh:C'd with C'qq-1.!lyinq of bnth c ... ptiv~' "nd wild 

kC'AtrC'ls in thC' MonlrC'al nrca. 

(14) Sl'!mcm product ion b('lq:m in mn tC' Americnl1 kt'strQ 1 R WhN\ 

minut('ls . .!J,'k ~)r~duction WAS obRC'rved b('\tween 13 "nd 

14 hours or d.111y liqht. Productioll d<"c!ined con'" 
~~ • 1 

sidC'y:\bly aro,Jnd the lonq('st day of the yet\r, .Tune- :21, 

w i th approximnt(-l y 1 5 hours l\nd 4 S minutes of dl! il Y 

li qh t . " 

(15) No significtlnt correlations wero dE't('ctt'd it'ltwC'cn any 

sC'mcn l~I\(,rl\ctl'ri stics, "\5 Wt'11 118 f)e-r cent successful 
, . ~ 

mAssages "nri w('a~hcr fact6rs, i.C', tC'mpernturc, baro-, , 

mbtric pressure., pC'r c('nt 'possiblC' sunshine. 

(16) cMIl l es k{~pt in small qua rtbrs i soL~ tcd {rom females 
1 

~urpassed both l)aired males and males kept colonially 

in ft larqe pen with fcroales in semen production and 

scmün qutllity durinq the pC'riod May 27 to July la. 
1 

Res trictcçl movemcn t l'lad no neg,' ti VC' ('ffects on scmen 

production and qua1ity. 

(17) Dally and twice daily collections provcd detrimental 

,to semen volume, sperm conc~ntration and sperm count 

p~r ejaculate. , 

(18) Fertility was' signiticantly and positively correlated 

with sperm count per ejaculatc. 

(19) No semen characteristic was significantly related to 

hatchability. 
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(20) Among scm~n chatl"cteristicA, f!iqnificant positive 'cor-

rclntions ~xi8tod b~tw(l>(\n spc-rm count por: C':}aculate 

and spcrm conccntratienr motility and ~perm concentra-

tion; and rnotility, and spcrm count l'cr ejaculate. rer 

cent succossful mas$aqos and sornen volume wcre siqnifi· 
• 

cantly and ncqativcly rclated. ! 
(21) It wa's pos,siblc- to mnin.tain reasqnably qood motility 

. i 
for up te 12 hourR whc-n kt'strel gc-m('n was mixed in 

('qua1 pnrts with Wi lcox phosphat(' buffer and stored 

refrigeratC'd. 

(22) 5pcrm heads were of an clon~ated je11y-bean shape: 

rouqhly four microns lonq and two microns wide; 1 ta!l 

l.ngth was 15 to 20 micronsr locomotion at a mean 

speed of 2.6 mm per min consisted of a counterclockwise 

t.urning of the entire spcrm body. Major abnormalities 

were elongated. heads, blunted hel\ds, tiny heads (im­

mature?) and cxtreme clumping of spe~ around debris. 

(23) In 'comparison with six other avian species previously 

studied, the American Restrel, li~test in body weight, 
~, 

ranked lowest in sperrn concentration and sperm count 

par ejaculate, but exceeded the quail of similar but 

slightly heavier size in ~oth sernen volume and duration 

of fertility. 
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TABLE 1 

Analysis of Variance of Egg-1aying Under 
lsolate. and Exposed Conditionsa 

Spurce df SS MS 

Year l a:t6.62 826.62 

Treatment 
Combinat ion 3 1742.43 S80.81 

Pen Design 1 '99.41 99.41 

Matinq 1 589.62 S89.6f 

Pen Design 
X Ml\ting 1 1053.41 1053.41 

Error 3 1087.83' 362.61 

C. V. : 28.6\ 

a • data transforrned by arc-sine transfortl1ation 

* Significant at 0.05 level 
** Significant at 0.01 1evel 

-

F 

2.28 

1. 60 

0.27 

1.63 

2.91 

\. . 

1 
f 
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TAIlLE 2 

Annlysis of Variance o~~the per Cent AI and NM 
Female Kestrels Laying ~ertile EqgsA 

Source. 

Year 

Treatrnent 
Cornbin{ltion 

Clutch 

Cliltch X 
Mating 

Error 

C.V. : 15.2% 

, df 

l 

3 

l 

l 

l 

3 

SS 
) 

46.56 

1357.93 

155.64 

288.24 

1320.23 

o 

( 

46.56 

452.64 

155.64 

288.24 

714.04 

106.74 

a = data transformed by arc-sine transformation 

'* 
*'* 

/ 

Significant at 0.05 leve1 
Significant at 0.01 leve1 

o 

-t" ---

F 

0.44 

4.24 

3.33 

2.70 

6.69 

.. 

\ 
·l 

~ 

1 



• 
\ ~ 

TABLE 3 

Ana1ysis of Var~ance of Fertil~t~ Between 
AI ~nd NM Female Kestrels 

Source df SS MS F 

,1 Per Cent Fert~lc From AI 

( Year 1 11. 63 11.63 0.05 

Mat~no l 45.43 45.43 0.18 

Error l 260.18 260.18 

C.V. :- 29. 7 'f, 

Per Cent Fertile 

Year 1 1. 2: 1. 22 f.OO 
1· 

Mat~ng 1 .01 .01 .00 

Error l 339.85 339.85 

r~ 
C.V. = 35.8% 

a = data transformed by arc-sinE! transformat~on ., 
* S~gn~f~cant at 0.05 level ~\ 

** S.gnifl.cant at 0.01 level 

.. 

() 

/ 

. . 
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TABLI: 4 

Analysis of Var1ance of Hatchability of Fertile 
LgqS of AI and NM Female Kestrels a 

Source df SS 

Year 1 680.11 

Trea tment 2 233.31 

Error 2 145.40 

C.V. w 14.2% 
" 

a = data transformed by arc-sine 

* * .. 
Significant at 0.05 level 
Sign1ficant at 0.01 level 

, 
o • 

MS 

680.11 

116.66 

72.70 

transformation 

. 
~----------------------~~~~~~~~ -~ -- . --- ... P_~-

F 

9.36 

1. 61 

1 
l 

\ 

f 
1 

j 
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TABLE 5 

Correlations for Duration nf Fertility and Semen Charactetistics 

Spearman Corr. Coeff. / Pr0b) 1 RI Gnder Ho: p ::0 / No. Obs. 

. Sperm Semen Per Cent Semen 
VoltuTle 

Sperrn 
Concentration Count Per Appearance Contan-ination 

Ejaculate 

-0.642857 -0.1028'69 0.378394 
0.0839 0.8025 0.5944 

8 8 7 

0,012276 -0.530371 -0.254898 
0.9756 - 0.1747 0.5848' 

8 8 ' 7 

0.23'8095 -0.205738 0.198206 
0.5745 0.6282 0.6710 

8 8 7 

.. 

/ 

.. 
.-...,..- ....... ~ 
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" TABLE 6A 
( 

Age,·Weighttand Semen Characteristics 

-. -'/) 
Correlations with 

Corr. Coeff. / Prob) 1 R 1 Under Ho: fI:;;O / No. Obs. 

Age 

Body 
Weight 

Sperm count 
per 

Ejacu.1ate 

0.488766* 
0.0376 

18 

0.622.52S-** 
0.(){)S9 

18 

, 

Concentration 
of Spermatozoa 

0.265415 
0.2871 

lB 

0.4~0515* 
0.0368 

18 

* Significant at 0.05 level 
** Signific~t at 0.01 level 

----

-. 
~~ '" ~ 

~ 

t 

...,. ... -..,.~ ~ ~ 
~-~",~ ... ,. ~~"'''''''''''''' .... ~ 

Semen 
Volume 

0.566159* 
0.0137 

18 

0.372590 
. 0.1247 

18 

Per Cent 
Successful 
~.assages 

-0.301984 
0.2215 

18 

-0.048666 
0.8419 

18 
1 

--

of.-"' w 4J 

, 

Body, 
Weight 

",-

0.836980** 
0.0001 

18 

'''\.,: . 

~ 
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TABLE 6B 

Correlations with Age, Weight and Semen Characteristics ~ 

Age 

Body 
-WeiCJ!ht 

, 
Spearman Corr. Coeff. 

... 

Sperro 
Moti1ity 

~ 

0.266737 
0.2846 

18 

0:327818 
0.1816 

18 

* Significant at 0.05 level 
** Significant at 0.01 leve1 

,. 

1 

" 
, , 
.~ 

~ 

/ Prob> tRI Under Ho: p=O 

~ 

" 
~ '-, 

Semen 
Ap'pearance 

-

-
-0.149296 

0.5606 
18 

0.077519 
0.7573 

lB 

"-

~ 

-, 
.. 

/ No. Obs . 

• 
Pe"'r Cent 

Con tam in a t:-i on 

-0.150799 
o ~5695 

17 

-0.040516 
0.8717 

17 

'\ 

. ~ 

" 

" 
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'l'At;LE 7 

Correl~tions withWeather Factors and Semen Characteristics . 
"---

Corr. Coeff. 1 

Temperature 

B'arometric-~ 
Pressure 

Per Cent 
possible Dai1y 

, 'Sunshine 

Semen 
Volume 

-0.183412 
0.6271 

26 

-0.126168 
0.5457 

26 

-0.070828 
" 0.7305 

26 

* significant at 0.05 level 
** significant at 0.01 level 

~:. 

... C_ • ..-_J .... 

---­• 

--

Prob;, l''R 1 Under H;.: p :0 

Spenr'--­
Concentration 

Sperm 
Count Per 

/- No. Obs. 

SpeX'n' 
Motility 

Ejaculate . 

0.0449Q5 
0.83~ 

:;"3 €' 

0.142956 
0.5218 

23 

0.197721 
0.6313 

23 

---

, "",",-.,ç. . 

0.121407 
O~~7 

25 

-0.054763 
0.7905 

25 ... 
..::.. 

0.116950 
0.5840 

25 

-~-" 

-0.125US 
0.5572 

25 

-0.093985 
0.6590 

25 

-0.017559 
0.9313 

25 

-

1"'"", 

.. 

• 

per Cent ..... 

Successful 
Massages 

0.098222 
0.6115 

30 

0.042860 
O.8J6.7 

30 

0.229267 
0.2209 

30 

-
" 

" 
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TABLE 8 
~ 

~ 

Correlations with Fertility, Hatchability and Semen Characteristics 

Spearman Corr. Coeff. 1 Prob> 1 RI Under Ho: p ;:0 

Per Cent 
Ferti1ity 

Per Cent 
Hatchabili ty 

Semen 
Volume 

0.532566 
O. Q287 

13 

-0.422156 
0.1693 

12 

Sperm Sperm 
Cdncentration Count Per 

Ejaculate 

0.474043 0.650913 
0.0990 0.0154 

13 13 
-

-0.160409 -0.484024 
0.6229 0.1082 

12 12 

* signific~nt at 0.05 1evel 
** s~gnificant at 0.01 leve1 

" . ~ 
'-

~ 
'-

Sper1l'l 
Motility 

0.181185 . 0.5593 
13 

-0.318152 . 
.0.3"144 

12 

0' 

1 No. Obs. 

Sernen 
Appearance 

0.188185 
0.5900 

13 

-0.220562 
o.so:U. 

12 

IÇ 

Per çent 
Contamination 

0.262417 
0.6101 

13 

0.109370 
0.7337 

12 , 
""'-
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" 
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TABL):: 9A 

Correlations Arnong Semen Characteristics 

Corr. Coeff. / 

• 

Per Cent 
- Successful 

Massages 

Semen 
Volume 

Concentration . 
of Spermatozoa 

,/ 

Sperm 
Count Per 
Ej~culate-

-0.081700 
-- 0.7455 

Jo 

18 

0.288277 
0.)448 

18 

0.649364** 
0.003fl 

18 

* signi~icant at 0.05 level 
** significant at 0.01 level 

Prob) I~I Under Ho: r :0 / 

-

,<f 

Concentration 
Of'SpeI'11Ja\ozoa 

0.125172 
0.6257 

18 • " 
-0.015776 

O.~49l 
18 

No. Obs • 

( 

" 

-

Semen 
Volume 

-0.510642* 
0.0288 

18 

·V 

-

• 1 

r 

,~ 

----. 
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TABLE 9B 

Correlations Among Semen Characteristics 

Spearman Corr. Coeff. ,/ Prob > 'R'· Ùnder Ho: p =0 / t~o. Obs. 
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TABLE 9C 

Correlations Among Semen Characteristics 

Spearrn~n Corr. Coe!!. / 

Sperrn Count Per 
Ejaculate 

Per Cent 
Contamination 

• 
-0.188725 

0.5257 
17 

-------

~ 

l) 

Sperm 
Motility 

Semen 
Appearance 

• 
-0.391171 

0.1174 
17 

0.458333 
0.0616 

17 

* signi!icant at 0.05 level 
** significant at 0.01 level 

" 

# 

i' ~ .. 

\ -

-..., 

Prob) 1 R 1 J,Jnder Ho: p -0 

.. ~~. 

Semen 
Appearance 

-0.098039 
0.7001 

lB 

-0.403717 
0.0935 

18 

... 

:t-

/ 

'-' 

,. 'tt' " -

No. '---Oba. 

~ 
-Sperm 

Motility 

0.677336** 
0.0023 

18 

,. 

j 

,r 

! 
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