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ARTIFICIAL INSEMINATION AND SEMEN
PRODUCTION OF THE AMERICAN KESTREL

3
In order to study the practicability of artificial

inlumination (AI) in breeding Yfirds of prey, a comparison
was made bhetween'Al and natural mating in non-imprinted
American Kestrels (Falco sparverjus). Sixteen pairs were
used in 1974, eight of which were naturally mated, and 30
pairs were used in 1975, 12 of whiéh were naturally mated.

The fertility and hatchability of eggs from AI and
natural mating were highly ‘comparable. The mean duration
of fertility in the females was 8.1 days.

In 1975 the mean duration of semen production for
17 males was 74 days, beginning on March 19. In 17 males,

the mean semen volume was 14 ul; the mean sperm concentra-
tion, 32,400/mm3: the mean aperm count per ejaculate, 477,500,
the mean motility score, 78%; the mean contaminatiog}with
epithelial debris and urates, 68%; and the mean semen colour,
very pale to pale amber.

The following significant correlations were found:
age with semen volume (0.57) and sperm count per ejaculate
(0.49); body weight with sperm concentration (0.49) and sperm
count per ejaculate (0.62); eqg fertility with sperm count
per ejaculate {0.65); sperm concentration with sperm count
per ejaculate (0.65) and sperm motility (0.59); sperm
motility with sperm count per ejaculate (0.67); and per cent
successful massages with semen volume (-0.51).
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1'ins6mination artificielle cher les
rapaces, nous avons tabli, chdz des crécerelles d'Amfrique (Falco spar-
verius), une comparaison entre accouplamsnts naturels et des 'accow.xl@-
monts par insémination artificielle (IA). L'&tude, en 1974, a porté sur
16 paires, dont 8 acoouplfes naturellemant, et, en 1975, sur 30 paires,
dont 12 accoupldes naturellement.

. las deux modos d'accouplqnt ont donn€ des résultats trds sem-
blables du point de vue fertilitd et &closion. La durfe moyenne de la for-
tilith de la famelle a 6tf Gvalufe R 6.1 jours.

En 1975, la pfriode de production de semonce de 17 miles a durd en
moyenne 74 jours, aprds avoir dﬁfmhﬁ le 19 mars. Chez ces mAles, nous avons
dbtenu les donnfes suivantes: volume moyen de 1'€jaculat, 14 «l; coigentra-
tion moyenne de spermatoroides, 32,400/m>; nambre noyen de spermatosoides
par éjaculat, 477,500; paramdtme moyen de motilitf, 78%; taux moyen de con-
tamination par {d&ri 6pithéliaux ou acide urique, 68%; et cmuleur de la
semeance, ambrée tria pfle X ple. ,

Leé corrflations suivantes ont &tf estimfes significatives: 1'Sge
avec le volure de 1l'&jaculat (0.57); 1'Sqe avec le nonbre de spermatozoides
par &jaculat (0.49); le poids corporel awec la concentration de spermato-
zoides (0.49) et la nombre de spermatozoides par &jaculat (0.62); la fer-
tilitf avec le nombre de spermatozoides par &jaculat (0.65); la concentration
de spermatozoides avec le nombre de sperm;om'ides par &jaculat (0.65) et
avec la motilité (0.59); la motilité avec le nombre de spermatozoides par
éjaculat (0.67); et le pourcentage de collectes fructueuses avec le volume
de samance (-0,51). }
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- 1. INTRODUCTION . . r‘/ 1

t

Declining world populations of birds of prey, most

notably the Peregrine Falcon (Falco peregrinus) and Bald

Eagle (Haliaeetus leucocephalus) have been attributed to .

poiégning and reproductive failure through man's widespread
use of organochlorine insecticides (Fyfe*et al, 1969;
Hickey, 1969; Enderson and Berger, 1970; Temple, 1972). As
an emergency conservation measure, many efforts to éreed
raptors in captivity have been inaugurated throughout whe
world. ‘
Success in obtaining fertile ecgs from many species, |
," however, has been limited ahd several researchers have .

T X
turned to artificial insemination as a possible solution

. - —

§ .
(Berry, 1972; Temple, 1972; Corten, 1973; Grier, 1973).

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

sexuq&%y imprinted on man, the work reported in this thesis

was undertaken to compare the practicability of forced

artificial insemination ang na?ural mating in captive non- / ) »
imprinted birds of prey. The period of semen production

[ and the factors influencing semen prgduction were also

H
. i
examined. %

This study is also part of a program’ht the Mac- ﬂ’
donald Raptor Research Centre designea to investigate the -
reproductive physiology of raptoriél birds. Due to its

abundance in nature, ease of management and willingness

e
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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 Techniques of Artificial
Insemination
The literature concerning artificial insemination
in birds of prey is extremeiy scant. Only recently with
the advent of captive/breedinq to restore'dwindling wild
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 AX. The first method involves the use
of imprinted birds conditioned to accept man as a potential
breeding mate. Semen is freely ejaculated in a copulatory
fashion by a stimulated male onto the han@}er's append?qes.
The collected semen is then deposited‘into thelvagina of
a receptive imprinted female. No physical restraint is
reguired in either the collection or insemination proceas.
Limited success with this method has been achieved with

Red-tailed Hawks (Buteo jamaicensis) (Temple, 1972),

\
American Goshawks (Accipiter gentilis) (Berry, 1972), Golden

Eagles (Aquila chrxsagtos) (Grier, 1973) and Prairie Falcons

(Falco mexicanuws) (L. Boyd, unpublished data).
/

Forced, massage Al until/recently has been mainly

4
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restricted to domesticated birds. To date, the best method
for AI of fowls appears to be that perfected by Burrows and
Quinn (1935, 1937) and Quinn and Burrows (1936). This
relgtively”inexpensibe and harmless method includes the
stimulation of the abdomen and vent by physical. manipulation
to bring about ejaculation and subsequent ‘'milking' of the
bulbous ducts or vasa deferentia. It has since been

applied to'turkeys (Burrows and Quinn, 1937; Bu;}sws and

"Marsden, 1938) and successfully adapted for ducks, peacocks,

finches, canaries (Bonadonna, 1939), piqgeons and doves (Owen,
1941), geese (Johnson, 1954), quail (Wentworth and Mellensa
1963) and pheasants (Smyth, 1968).
With regard to birds of prey, only limited success
with thiF procedure has been attained with Pereqrine Falcbns
{Maatsch and Beyerbach, 1971) and goshawks (Corten, 1973). » ,
Recent successes in lHolland in obtaining sperm from several ‘
species of eagles, falcons and hawks have led Cdkten (1974)

to conclude that the massage technique developed by Burrows

and Quinn (1935, 1937) 1s "suitable for obtajining sperm from é
all diurnal birds .of prey, even under 'forced' conditions". i
2.1.2. Time of Insemination 5

It is generally agreed among raptor researchers e
that the optimal time for involuntary insemination during
the laying seguence is right after an oviposition (Griex
t al, 1972; Corten, 1973; Grier, 1973). It has been‘

possible however, to inseminate goshawks successfully

e




four days prior to egg-laying with cooperative kI (Bérry,
1972), &nd Corten (1973) recommended inseminating goshawks
forty-eight hours prior to the first oviposition. In fowl,
manyrresearchers agrée that the presence of a hard-shelled
egg in the oviduct reduces fertility (Moore and Byerly,

1942; Malstrom, 1943; Parker, 1945; Wyne et al, 1959;

. l’
Bornstein et al, 1960; Smyth, 1968), While’others feel that

a membranous or soft-shelled eqg actually enhances fertility
(Malstrom, 1943;. Parker, 1945; Johnston and Parkexr, 1970)
as well as hatchability (Parker, 1945). Other reports,
however, indicate that the presence of hard-shelled eqgs
is not detrimental to fertility (Parker and Arscott, 1965;
Marks and Lepore, 1965; Lepore and Marks, 1966; Hughes and
Parker, 1970; Howarth, 1971. Only one researcher described
a decrease in fertility by the presence of an eqg in the
magnum (Howarth, 1971). Hughes and Parker (1970) feel that
posterior pituitary horm&nes involved in oviposition may
be ﬁartially responsible for the reduced fertility obtained
from insemination near the time of lay.
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 fertilize tﬁe
rest of the clutch. The duration of fertility in goshawks

is at least- four days (Berry, 1972). Grier (1973) obtained

froqya Golden Eagle one fertile egg laid nine days after AI

P
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and Fessner (1970) obti}ned in Peregrines a fertile first
eqgqg of a second clutch 10 days after AI. Since Grier
(1973) suggested that the'handliné of his bird for the Al
might have interfered with ov¥¥@tion [1 suggest that this
handling might haﬁb interfered with ovipdgition and not
ovulation], 1t is therefore possible in these latter two
caﬂes that the eggs'm;qht have been fertilized much earlier
and simply held in the uterus for an abnormally long period.

Smyth (1968) summarized the average duration of
fertility in chickens to be 10 to 13 days, pheasants, 20.5
days, and turkeyg, 40 to 50 days. He then suggested that
inseminations should be perfor&ed every 7 days in chickens,
10 to 12 days in pheasanfs,’and in turkeys at a four week
interval at the beginning of lay and at shorter intervals
as laying continued. The duration of fertility in quail
1s reported to be 4 to 5 days (Qentworth and Mellen, 1963),
in éeese, 9.7 days (Johnson, 1954; Kinney and Burger, 1960),
in ducks, 8 days (Watanabé and Sugimori, 1957), and in
pigeons and doves, also 8 days (Owen, 1941).

Sperm storage glands for‘spermatozoa have been
located in the oviduct of chickens (Bobr et al, 1962),
turkeys (Verma and Cherms, 1964), and pheasants and Coturnix

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

No observations have been published on the presence

1
of sperm storage glands in raptors. A report of 500 to R

600 copulations for the insemination of one clutch of gos-

hawk eggs in the wild (Holstein, 1941 in Corten, '1973)
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led Corten (1973) to suggest the absence of any spermhost
glands in this species.

Most of the first egqds after the first insemination
are too developed to be fertilized (Smyth, 1968). Both
Crew (1926) and Dunn (1927) agreed that fertile chicken
eqgs are rarely obtained on the first day follpwinq mating,
but fertility is well established by the second day. Results
vary on tg% time taken by spermatozoa to travel the length
of the chicken oviduct. Fifteen minutes (Howarth, 1971)
and one hour (Allgn and Grigg, 1957) have been observed
after intravaginal insemination. Mimura (1941) reporged
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 Grigqg, 1957; Donovan et al,

1969).

2.2, Factors Affecting Semen Production .

It has become increasingly evident that semen produc-
tion in avian species is controlled by a combination of
factors. In the last five decades, a great deal of research i
was devoted to determine the relative significance of factors
such as Sseasonal variation, photoperiod, weather, age, weight,
nutrition and others.

2.2.1. Influence of age

The age of male American 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
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are very capable of fertilizing eqgs (Portgr and Wiemeyer,
1970). Burrows and Titus (1939) found no,qreat differences
in semen production in cocks as compared to cockerels after ¢
the latter reached the stagé‘dé.gu}l production. In fact,
it was sl%ghtly high:ex‘* for‘ th‘e c‘éc‘ksrels. However, at
least two research gfoups havg élported a high percentage of
abnormalities in the_spermatozoa of younqg cockerels (Sampgon‘
and Warren, 1939; van Drimmelin, 1951). Conversely, in-
creasing age may have some influence, as Corten (1974) point-
ed out that one tiercel goshawk prodﬁced sem;n in the latter‘
half of May when: in earlier years, the bird had ceased by
that time. DPenquite et al (1930) found that White Leghorn
males 1n their second year were less active and produced
less sperm with more variability in sperm numbers. Carson
et al (1955a) observed less semen production in two-year \
old turkeys hatched in 1948. Also of 1;terest is the claim
by Lorenz and Lerner (1946) that age at first semen produc-
tion is irherited in both chickens and turkeys.

2,2.2. Effect of body weight

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 all 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 with semen production.

( . 2,2.3. Individual Variability _ s
Individual variasllit/ may play a role in affecting
semen production, as. Carson et al }1955b) observed consider-
.able variation in the amount 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
1
number per ejhculate. Of some interest here is the finding

that a direct genetic correlation may exist between semen

§
;
?

production in a male fowl and egq production of his sisters
and offspring (Jones and Lamoreux 1942 in Van Drimmelin,

’ 1951).
2.2.4. Time of Year

T

(W Seasonal production of avian semen under natural

lighting conditions has been demonstrated in chickens (Parker
and McSpadden, 1943), turkeys (Carson et al, 1953a), 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 whlle in turkey; Car?on et al (1955a)
! . found maximum productlon from bruary untll June and July.
] With regard to the influence of season on semen production,
/ one must exercise caution to avoid confounding this vari-

able with photoperid#d, a factor to be discussed in the
next section. e

The use of AI has only recently made it possible to
r

study semen production in birds of prey. Grier (1973) ‘
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reporteﬁ the duration of semen production in two of his
Golden Fagles to be 70 and 111 days, but gave no information
ongdates of commenéement anP termination of this production.
A goshawk, according to Berry (1972), attempted copulations
over 36 and 49 day periods beginning on Apkil 2 and March
22 respectively. Berry added that semen production was
closely synchronized with egg—laying.- Bird and Laque (in
press) noted copulatory behaviour in captive AmeQican
Rough-legged Hawks (Butg§ lagopus) from May 13 to early

Y
July. Corten-({1973) collected sperm from his goshawks

from March 14 until some time in May. The following year
however, the same birds produced no sperm until the second
half of April (Corten, 1974).
2:2.5. Influence of Photoperiod
The importance of photoperiod on gonadal cycles 1in
birds has been discussed by Bissonnette (1936), Rowan (1938),
Farner (1959), Wolfson (1959) and Schwab (1970). Bissonnette
(1931) found that increased dgily light periods caused an
increase in spermatogenic activity in starlings and
Lamoreux (1943) concluded gbat at least 12 hours of daily
light w;?e required to stimulate effectively semen ﬁroduc-

tion in fowls. Exposure of adult male chickens to le&s than

natural light did not increase semen volume and number of

sperm per ejaculate, but caused some deterioration in guality.

Sixteen hours of light however, caused an improvement in

semen quality and quantity (Bonadonna and Pozzi, 1955;
. N

Bajpai, 1963).°' In contrast, Parker and McCluskey (1964)

found no significant effect on volume or fertilizing capacity

“a
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of fowl semen by single daily light periods of 1, 3, 9 or
13 hours. At present there is no available information
regarding the effects of photoperiod on semen production
in birds of prey, although Willouahby andebade (1964)
showed the importance of this stimulatory factor on eqg-
laying in American Kestrels. °
2.2.6. Effects of Weather

The dependence of sperm production on weather g¢ondi-
tions has been little studied. BissoAnette (1931) concluded
that temperature and barometric pressure were not control-
ling factors in conditioning sexual chances during his
photoperiod experiments on starlings. Wheeler and Andrews
(1943) obsefbed no effects on semen production in fowl by
maintaining a@rtificially high or low temperatures. As
further evidence, Willoughby and Cade (1964) were able to
induce laying of fertile eggs by American Kestrels during
the winter months, regardless of temperature, by the manipu-
:;tion 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 A; should{be kept in separate quarters. Both Owen
(1941) and Burrows and Quinn (1937) found that keeping
males together in largg pens or mated with females resulted
in regular ejaculations, but small yields. Conversely,
Lorenz et al (1956) found semen production of mated birds
not to differ significantiy from that of non-mated birds

in either volume or concentration. If intervals of

g e

%




collection exceeded one week however, yields decreased.

Little attention has been paid to the effect of

“TThack of exercise by holding AI males in small quarters.

Rowan {1928) conctuded from his work on Slate-coloured

Juncos (Junco hyemalis) that exercise resulted in testis

development 1n birds. Bissonnette (1931) observed that »
additional exercise did not increase the‘spQ;matogenlc ac-
tivity in male starlings. Neither reported though, on the
‘effects of lack of exercise on spermatogenlc-activity.
2.2.8. Influence of Nutrition

Grier et al (1972) believe nutrition to be’important
for semen dquality. . They recomrend for birds of prey unéer—
goinc AI a diet of fresh or frozen whole animals, access to
direct sunllgh£ and possible vitamin supplerents. Although
Smyth (1968) reported no conclusive .evidence of the effects
of Ca arrd P on semen production, recent ggrk,by Molnar et al
(1971) and Kovacs (1973) show a marked increase 1n"sperm
concentration and sperm viability in ganders fed a high
calcium diet. In addition, Kovaqs (1973) obtained increased
sperm concentration and ejaculate volume with 1ncreased
dietary phosphorus. Their results differ however, with
respect o the effect of the Ca:é ratio, the former observ-

N Y

1ng a decrease iM ejaculate volume w1tf a ratio greater

than one and the latter believing the ratio not.to be of

/

prlmaff importance} i |
2.2.9. Effect of Frequency of Collection

That the volume of fowl semen produced diminishes
R Y

with.ap increase in frequency of collection has been shown

\
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by many workers (Penquite et al, 1930; Sampson and Warren,
1939; Lorenz et al, 1955; McCartney et al, 1958; Nestor
and Brown, 1971). Temple 1n Graer et al (1972) pointed

out that he obtained lesser volumes of ejaculate from a

.
°

Red—Falled Hawk with more frequent collections. Corten
(1973) found that daily harvestang of'gdshawk sperm did
not appdar to be detrimental to semen quality. Although
plgeons can be ejaculated several times in a day, Owen
(1941) reported that regular éollectlons more than once a
day caused the male to become aspermic. Although male
birds usually produce greater amounts cof semen after a
training period (McCartney, 19%56), the above evidence
indicates a minimumt and a maximum frequency oﬂ\collection
that appears to vary with species. Smyth (1968) concluded
that healéhy male chickens can be ejaculated three times
weekly over extended periods of time without any apparent
decrease .in volumé or fertility. Collections from turkey

toms can be made as fregquent as two-day to wgeily intervals
without affecting the yield (Lorenz et al,,1955). In contrast,
Nestor and Brown (1971) hoted that not two-day but three to
four—da% intervals resulted in greater semen volume and num-
ber of sperm per ejacuiate and McCartney et al (1958) found
that semen %Plume decreaied gr7dua11y as the frequency of

collection was increased fron 1 to 5 successive days.

1 .
2.3. Relationship of Semen CharacteriStics with Fertility and

Hatchability , l

R . .-
Much research has been done to correlate semen char-

<
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acteristics witwrfertility'and hatchability. This would
hopefully enablé breeders to evaluate and predict the re~
broductlye p?rformance of male birds. The characteristics
to be discussed in the following paradgraphs include motility
of spermatozoa, duration of motility under storage condi-
tions, spermatozoa concentration and counts, semen volume,
visual appearance, amount of contamination and per cent .
abnormal spermatozoa.

Grier et al (1972) conclude in their report on AI
of réptors that the best semen is "a swarming mass of very
active, fully developed motile sperm. Poorer semen is less
dense with sperm, contains relatively non-motile or slowly
moving sperm, and may contain moge abnormally-shaped sperm.”
With respect tp fowl, many researchers have found a positive
correlation between motility and fertility (Shaffner and
Andrews, 1948; Allen and Champion, 1955;rCooper and Rowell,
1358 McDaniel and Craig, 1959, 1962; Kaﬁar, 1960; Smyth,
1968; Kammerer et al, 1972; Mymrin 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 Rézik (1973) further define a relaiionship between
motility and hatchability. The(;vidence in favour of at
least a correlation between motility and fertility have
led Cooper and Rowell (1958), McDaniel and Craig (1962),
Smyth (1968), and kammerer et al (1972) to conclude that
motility'is a relatively effective predictor of fertilizing

2

capacity.
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Duration of motility under storage conditions is

yet another criteria for evaluating semen guality. It

is necessary however, first to determine those conditions
under which semen can be stored without excessive impair-
ment. As reported by Warren ;nd Gish (19i3) for poultry,
‘Erier et al (1972) recommend a storage temperature of 4.4

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 34 hours showed no visible decrgfsg
in estimated percent motility (Grier, 1973). Corten (1973)
reported good motility in his goshawk semen %amples stored
for 3 hours at 159 in Heythusen diluent no. 3. Further-
more, he observed life for as long as 24 hours, but with
very low motility. This temperature coincides reasonably*
well with that reported for fowl by Hunsaker et al (1956).
Garf%n and Shaffner (1952) also recommend gradual tempera-
ture changes to avoid shock to spermatozoa.

Some fowl researchers maintain the existence of an
association between semen volume and fertility (Kamar,
1960; Kamar and Razik, 1973), but many found no evidence
for this relationship (Shaffner and Andrews, 1948; McCartney,
1956; Boone and Huston, 1963; Smyth, 1968; Hartmann and |
Gleichauf, 1974). Recent work shows no agreement on a
correlation between éemen volume and hatchability (Mymrin
et al, 1972; Kamar and Razik, 1973). ‘

Shaffner and Andrews (1348), McCartney (1956) and

Boone and Huston (1963) failed to report any association

between concentration of spermatozoa and fertility. In

-—r— .y
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contrast, several other researchers, the majority in recent

years, have recorded a significant cqrrelation in this
regard (Cooper and Rowell, 1958; Kamar, 1960; Mymrin et al,

1972;'Kamar and Razik, 1973; Hartmann and Gleichauf, 1974).

—

As yet, no evidence exists to discount a possible relation- 3
ship between cogcentration of spermégozoa and hatchability
(Kamar, 1960; Kamar and Razik, 1973). According to Munro

{1938), there exists a minimum numbér of spermatozoa for

¢

fertilization. ' The lower the concentration of sperm in

the semen, the larger is the volume of ejaculate required

for an insemination with optimum chance of success,

Grier et al (1972) described hawk semen as a "clearer
fluid, appearing somewhat like a drop of concentrated 'lemon
juice' which blcame cloudier with increased anbers of sperm".
Corten (1973) reported that goshawk semen is cleér watery
to milky viscous. In White Leghorn chickens, McDaniel and
Craig (1959) found sem;n appearance s es to beasignificantly

-

associated with fertility. Later work by these researchers

showed no such relation in two strains of chickens {(McDaniel

and Craig, 1962). Saeki and Brown (1962f‘found a correla-
tion between colour of turkey semen, numbers of crooked-neck
sperm and decreasing fertility. Brown and Graham (1971) rated
visually the appearance of turkey semen with scores from 1
to&3 baggd subjectively on colour, volume and Qensity. The
discovery of a highly significant correlation between semen
quality and fertility led these researchers to claim that

visual ratings are acceptable for selecting high quality

A

semen. 1" ¢
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With respect to sperm counts, Sampsontand Warren

17

. . . &
(1939) foung indications that these are not a very accurate

means of detection of males with poor fertility. Rec¢ent
work by Hartmann and Gleichauf (1974) also showed the
non-existence of a relationship bétween sperm counts and
fertilaty.

Corten (1973) usually found in goshawk semen con-
tamination by faeces, u;ine, blood and various other un-
described exudates from!the clogea and pointed out that
too much of these contaminants can be detrimental toéthe
survival of the spermatozca. 1In q?ickens, as little as
1% fecal contamination is apparently deleterious to
motility and vigour of spermatozoa as well as fertility
(Boone and Hughes, 1970Y. Immediate insemination however,
of semen contamiﬁated witk swhite chalky urates likely does
not reduce the fertilizing capacity of the spermatozoa
(Smyth, 1968).

To enable an assessment of percentage abnormal

spermatozoa in predicting semen values, one must have

prior knowledge of the differences between normal and abnormal

spermatozoa. Heads of falcon\spermatozoa have been described

\, .
by Corten (1973, 1974) to be somewhat rod-shaped with the

acrosome broader and less pointed. The spermatozoa from
falcons are apparently the sameg size as those of goshawks;
the heads being 12.5um, the tails 50.0/4m, and the total
length ranging fiom 62.5 to 70.0 x«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 tailé blunted
heads with less frequent occurrences of short a broken
heads, small ammature sizes and extreme clumping of their
numbers (Sampson and Warren, 1939). Bajpai (1963) also
noted abnormally elongated heads. A negative correlation
between percent abnormal spermatozoa and fertility has
been established by Allen and Champion (1955) and Saeki
(1960), while Kamar (1960) did not find such a relationship.

Other aspects of the relationships between the afore-
mentioned semen characteristics should be, included to eluci-
date further upon the‘importance of these characteristics.
McDaniel and Craig (1959) and Mymrin et al (1972) found a
51gnif1cant\p031t1ve correlation between motility of fowl /
spermatozoa and semen volume, as well as between motility
and concentration of spermatozoa. A negative correlation
bethen motility of spermatozoa and the percent abnormal
spermatozoa in fowl has been recorded by Allen and Champion
(1955). Finally, a relationship between motility and visual
appearance subjectively based on colour, density and volume
has been reported in turkeys (Brown and Graham, 1971). A
positive correlation {Mcbaniel and Craigqg, 1959; Mymrin
et al, 1972) as well as a negative one (Carson et al, 1953b)
have been shown between semen volume and concentration of
spermatozoa in poultry. Nishiyama et al (1971) found conQ’
centration of fowl spermatozoa to have a highly significant
effect on séerm lifespan, lifespan and motility being

greatest at low concentrations and lowest at high concentra-

tions.

3
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3. SPECIFIC STATEMENT OF PROBLEM

. *"\ » .
The increased interest in the practice of 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 employin? t?is practice in
their breeding prod}am.
The objects of this thesis are: '
1. To describe a method of semen collection and insemina-
‘3 tion in small falcons. .
2, To present data to ass&ss the value of the above
techniques.
‘ 3. To determine the period of semen production in male
American Kestreaf and factors affecting semen production.
4. To determine the duration of fertility in female American
Kestrels.

, \

i 5. To relate several semen characteristics with fertility

and hatchability.
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4. MATERIALS AND METHODS

Amnrin &

4.1, Source of Birds

[«

The original colony.was establishéd in 1973 by ob-
.taining 10 pairs of kestrels from zoos and nests in the
Montreal area. 1In 1974 the.colony was é%lendid to 16 pairs
consisting of the original 10 pairs, their progeny and sev-
eral orphaned nestlings from nests in the vicini?& of
Montreal. The progeny from the 16 pairs, both hand-reared
and parent-raised, and several more -orphaned birds were
incorporated into the colony to increase the number to 30
pairs in 1975. To prevent inbreeding, at no time prior to

&

/ Otherwise, all kirds were chosen randomly for mating, such

and during the experimentation were related matings permitted.

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

4.2, Housing and Management

p r—— - -

In 1974, with the exception of a brief period of
visual isolation in‘cageq 0.5 x 0.3 x 0.3 m (L xWx H) for
some males, all male§ to be used for Al were tethered on‘

‘ * blocks in falconer's fashion in a sanded room 6.6mx 6.6 X

2.5 m (Fig. 1). 1In 1975, all 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 with
} %
' (A« the addition of two mote cages on May 17.
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Figure 1.

.-

Al kestrel males tethered in falconer's
fashion in 1974.
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Figure 2. Box cages which housed the AI

males in 1975.
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Paired birds and single'AI'females were caged under
vne of two different conditions, that of visual isolation or
exposure to other birds. Visual isolation was achieved by “
placinc the bird(s) in pens 2.7 x 1.5 x 2.5 r with insulated
Aspenite walls, a window of 2.5 cm wire qgrid measuring
1.5 x 1.3 m (W x H) and a sanded floor (Fia. 3). Exposure
to other birds was achieved 1in a cluster of eight pens of
similar size as those above built into a sanded room
6.6 x 6.6 x 2.5 m (Fig. 4). The main difference here was
that all inner walls consisted of .25 cm nylon mesh. All
pens contained suitable perches, a small shelf and one nest- -
box measuring 25.4 x 25.4 x 45.7 cm with a hole .76 cm in

diameter placed 2 m above floor. All birds were kept under

natural lighting conditions.

The diet consisted mainly of frozen-thawed day-old ?
chicks with occasional fee@ings of fnozen—fhawed adult mice.
In 1975 only, the day-old chicks we}é rolled in bonemeal
to supplement calcium and phosphorus 1in ail birds and every- i
five days SA-37 (Rogar-STB Division of BTI Products Inc., ?
Montreal, Quebec) vitamin supplements were also added. Bath- 3

water was supplied regularly to all blrdg in the warmer months.
Just prior to their introduction into their respective
pens, all birds were @eighed. In 1974 and 1975, the males
were placed in their pens in the first week of Mﬁrch and :
the females introduced one week later.

4.3. Experimental Design

In 1974, 32 birds were used 1n the studies: 8 control

or naturally mated (NM) pairs, and 8 Al females'and 8 AI /

-t
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Figure 3. An isolated pen which housed either a
. kestrel pair or a single AI female.
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Several exposed pens which housed kestrel
pairs and single AI females.
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males. One-half of the control pairs and one-half of the
®r

Al females were képt in isolated quarters and the res; inv
the exposed cluster pens. , ‘

In 1375 the sample size was'increased to 60 birds,
24 of which made up 12 NM pairs. Six pairs were assigned
to 1solated pens and the remaining six to exposeé pens.
The remaining 36 birds were divided as 18 AI females and

¥ .
18 AI males. Eight of the AI females were placed in

-

isolated pens and 10 assigned to exposed pens. The first

12 A1 femdles to lay eggs‘were included in the comparative

h s

-

study between AI and NM, while any other single females
laying eggs were tested for duratlon of feftlllty.

4.4. Incubation Practices

Nestboxes were examined once a day prior to the onset
of egg-laying after which they were inspected three times a
day. gecords were kept of laying times. The date laid and
the pen number were marked on’all eggs with a graphite
pencil., In 1974, the whole first clutch of all laying
!females was removed generaliy on the fourth day following
the last egg laid. The second clutch was left for natural

- g
incubation and was only removed upon failure of the female

to incubate. Thlf proceduré was followed in :1975 with the

exception thqt'the eqggs of the second clutch of all AI
females were removed one- by onellgaving one in the nest for
duration of fertility eXperiments. Also treated in this
manner was the first and only clutch of the thirteenth

laying female.

~

4

In 1974, the eggs collected were imTediately placed

Q
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in a forced air Marsh Farms Roll-X (College Pets, Poultry and
" Garden Supplieé, Toronto, Ontaric) incubator kept at 38°C and
a 53—%9%~re1at1ve humidity (Fig. 5). The eggs were turned'

automatically every hour and were placed upen pipping into a
. " hatcher 7ept at 37°C and about 70% relative humidity. The
: ‘ hatcher consisted of a Marsh %arms Roll-X incubator with
. inverted grids. The chicks were;all hand-raised.

Brooding of hand—;alsed chicks was achieved thirough
use of a styrofoam cooler with heating tape, thermogitat and
water pan (Fig. 6). Temperatures were controlled to mraintain

. the chicks' comfort, usually beginnfng at 35°C after hatching

and decreasing gradually to room temperature by 2 weeks of

" age.

B L

The dhicks were fed four times daily by offering
chopped day-old mice to them with blunt forceps.) As ghe
chicks grew older, this food was replacedaby day-old chicks
'and adult mice mashed whole.in a blender.

. In 1975 a second incubator and a hatcher of the

same type were obtained. The same environmental conditions
were used except that the humidity was always just above
60% in the new incubator due to its characteristicst The
chicks were also hand-raised but when possible, some were

*

introduced fér fostering under parents whose eggs failed
D VI )

to-hatch. No attempts were made to control temperatuie or

v

—ay————— . ..

humiélty in the incubator room.

4.5. Technigue of Collection and Insemidgtion

4

4.5.1. Materials and Preparation

The insemination tube consists of 10 cm of no. 4
{
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Kestrel egg§ 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 cooler with heating tape,
?ermostat and water pan. The corrals
llow for chick identification prior to
» . marking.
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medical grade vinyl tubing (I.D. x 0.D., 0.044"x 0.064t
Bector, Dickinson and Company, Rutherford, New Jersey,
U.S5.A.) attached to an 18 gauge blunted needle and a 1 ml
syringe. Silastic tubing was found to be, too soft and
pliable and polyethylene tubing, too stiff.

A phosphate buffer (16.34 gm Na2HPO 5.16 gm

4’
NaH2P04-H20 per litre; pH 7.2) (Wilcox, 1958) was used in
our experiments not as a diluent, but as a sclution to wash
away all the semen from the tube into the owviduct. To
achieve this washing, the semen collector first draws into
the syringe about 0.1 ml of air in order to be able to push
out‘thg whole volume of fluids at the time of insemination
and then enough buffer to fill about 1 ¢m of the insemina-
tion tube.. This buffer is drawn up slightly in the tube so/
that a small air bubble will form between 1t and the semen '
to be collected as described later. This precaution pre-
vents the spreading 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 may be kept at either 4°c or frozen for a breed-
ing season was stored in small aliquots in wel# stoppered
tubes. A partiallylused aliquot was discarded rather than
restofed. .

In the experimental program, no pooling of semen
was done in order to pedigree the chicks. For the same
reasop} a clean insemination tube was used fo; each insemina-

tion. Smyth (1968) cites the danger of contamination in

pooled semen by feces or urates from a contrary male and
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the possibility of spreading disease by the uée of artificial
insemination in poultry.

TQ? males were 'worked' 3 times a week for approxi-
mately 5 weeks before insemination was begun. - fhis train-
ing consisted of handling the birds and attempting io
ejaculate them.

4.5.2. Collection of Semen
The method of semen collection follows, in principles,

the massage method de!cribed by Burrows and Quinn (1937).

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

could Pe accomplished by two!persons in as much as the bird

holder would wear a protective but flgxible pair of gloves

which gives him freedgg)to ejaculateithe bird. The thumb
[

and two forefingers‘df;the glove to be worn on the massaging

'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.
The massager grasps the bird's thighs together with

{

one hand and although nbt necessary, résts the bird with its
breast on a block. The wings are left free to flap to stim-
ulate natural copulation. The feathers surrounding the vent
area do not have to be plucked but just pushed aside. the
complete semen collection can be divided in three steps:
massaging, milking, and collecting the semen in the insemina-
:ion tube. -

The massager's free hand with the exposed fingertips

L 4
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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 pelvic regions. When the papillae are everted from the
* cloaca, the tail is pushed upwards by the back of the free
hand and the mllking)process ?egins with the thumb and fore-
finger on opposite sides of the cloaca, frontally of the
protruding papfillae (Fig. 8). 1In 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 pdpillae. Any urates present can be wiped away with
a finger. Squeezin%,too hard or' for prolonged periods may
result in hemorrhaging in which case semen collection

¥ kv should be postponea for 7t least two days.

The semen usually' flows into the groove formed by

w

the union of the thumb and forefinger. 1In some cases, the
thumb of the hand holding the bird's leg was lifted up to

catch the semen on the thumbnail. 1In only a few instances

Fx.)

was the semen forcefully expelled into the air from the
papillae.

Since the yield of semen in kestrels is very small,
i f

it takes considerable skill to collect most of it in the < ‘

¥
insemination tube. It is preferable during the aspiration

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

| 2
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Grasping of the bird's thighs by one
gloved hand, while the other hand’
massages the soft lateral parts of
the abdomen.

33

W



P s ik

oo

g @ b Lo wem . - -~ “

4
o,

———

Figure B.N“‘Milking of the semen from the cloacal
papillae and the subsequent collection
of the semzn in the insemination tube.
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prevent loss of semen on the walls. The process of milking
can be repeated until the yield stops.
NO precautions were taken to maintain the semen temp-
\
erature between the #ime of collection and inSeminat§on
However, the samples were never held for more than 10 min-

-

utes at ambient temperature and, at least in chickens,
spermafozoa do not losé their fertilizing c;pacities after
rapid cooling for up to 10 minutes (De Silva, 1963).
4.5.3. Insemination of the Female

The females were inseminated as soon as possible
after an oviposition and only once between subsequent
ovipositions. ‘

Several attempti to evert females prior to the egg-
laying period resulted in failure. However, by immediately

removing the first eqgg laid, which is obviously infertile,

the bird generally does continue #o lay a clutch of a normal

.,

number. ! .
~N

The technigue used to inseminate the females 1is
adapted from that oé Quinn and Burrows (1§36). One person
holds the bird's thighs together in one hand and conérols
its wings and head with the othei hand to prevent flapping
wings f;om knocking the semen out of the insemination tube.
The bird is tipped forward to expose the cloacal region.
Once the bird is properly secured, the thumb of the hand
holding the legs can be freed to place slight pressure on
the anomen 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 ‘Nahd
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on each side of the cloaca (Fié. 9). The cloacal region

is then massaged by a gentlef caudal to frontal stroking.
Enough pressure and massage are applied to evert the oviduct
which appears as a deep-red fleshy mass with a slightly
visible opening on the left side. This functional left
oviduct can be located guickly only with a practiced eye.’
Any urates ejected can be wiped away by the operator's
finger. -

The iﬁsemination tube is placed with careful man-
ipulation about 1 to 2 cm deep into' the left oviduct (Fig.
10). In this action, care must be taken not to puncture
anylsoft-shelled eqgg if present npr to injure the bird.
The presence of an egg in the oviduct may be determined
by external palpation of the abdomen when the bird is
captured. i

.

As the semen is deposited into the oviduct the pres-

-

sure of the thumb on the abdomen should be gradually
released. The tube i, withdrawn when empty. When the
oviduct has fully retracted, the bird is released.

4.6. 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 training was discontinued only when, the
semen was needed for insemination but recontinued after
inseminations were completeg. Late in the laying season
the AI males were ejaculated once a week to determine’

D

termination of semen production. For the same reason, the

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




3 »

Figure 9. Massaging of the cloaca of the female tbO
evert the oviduct, i.e. expose her vagina,
for insemination. Note the thumb of the
operator applying abdominal pressure.
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Fﬁgure 10. Placing of the insemination tube about
2 cm into the left oviduct to deposit
the semen upon successful eversion of
the oviduct. -
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egg-laying completely’ceaged. In 1975 only, 7 extra

males flying lcose 1in a larce pen with three females were
also 'worked' weekly late 1in the season to determine semen
production under this method of manaéement.

-

Studies were conducted on the influences of age
and body weight of the AI males on per cent successful
massages, semen volume and colour, concentration and motil-

1ty of spermatozoa, sperm count per ejaculate, and per cent

1

contamination in 1975. !

Although the AI males were kept on a natural light-
1ng regime, an attempt was made to correlate tiqe of year ¢
and increasing daﬂ-length with semen preduction. This
was accomrplished by referring to a chart of standard time
zones for the daylight thanges at 46° latitude.

The ef¥fects of weather, i.é. temperature, barometric
pressure, per cent possible daily sunshine, on the’beglnnlng
and ending of semen production were studied. The effects of
weather conditions on semen characteristics wef? also studied.
Records of we%ther conditions for 1974 and 1975 were made
available by the McGill University weather station situated
at Macdonald College. . ~

Where possible, any effects of frequency of cellec-

tion and nutrition on semen production were recorded.

4.7. Relationship of Semen Characteristics with Fertility

- and Hatchabilaity

4.7.1. Fertility and Hatchability Ratios
Eggs were classified as fertile or 1ﬂfertile by

candling at various stages of development. All eggs

I

a
-
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classified inferfile were stored at 4.4°C and {ater broken
and examined microscopically for evidence of embryo develop-

rment.

) ) A )
The term "per cent fertile" refers to the percentage

-

of fertile eggs relative to' the total number'laiﬂ. Fhe

term "per cent fertile from AI" is the percentage of fertile

eggs relative to the number, of potentially fertilized eggs.
The_perceptage of eggs which hatched relaglve to the total
number fertile was termed "per cent hatchabiiity".

’ "Duration of fertility" was measured as the number
of days a hen was fertile, i.e. from the first day after
insemination until the last fertile egg was laid.- "Per cent
fertility while fertile" is the percentage of fertile eggs
relative to the total number of eggs laid during the dura-
tion of fertility.

"Per cent successful massages" refers to the per-
centage of massagés resulting in collections of measurable

semen volume relative 'to the total number of attempts during

i
[}

the pexiod of actual semen production.
4.7.2. Analysis of Semen Characteristics -

Any relationships among per cent successful‘massages,
semen ;olumg,‘concentration of_spermatozo7, sperm count per
ejaculate vdlﬁme, motility of spermatozoa, -semen appearance
and per cent conthmination. were tested for significance.,
With the exception of per cent sucqﬁ}sful massages, all of

the above characteristics were tested for possible correla-

v

tions with fertility and hatchability. r

4.7.3. Determination of Semen Chargcté%'stics
] ‘ /1
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On every semen sample collected, the following six

characteristics were analyzed: semen appearance, Semen

, f
volume, concentration of spermatozoa, sperm count per

ejaculate volume, motility of spermatozoa, and per cent

contamina®ion.

©

4.7.3.1. Semen Appearance

The appearance of the semen sample was classified

into one of six different categories. These were denoted

as: 0

1

4

5

- opaque " ‘

- clear o
- bery pale amber

- pale ambe;

- ambgr g

~ deep amber

4.7.372. Semen Volume

length

of the

Semen volume was calculated by first measuring the

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

volume of fluid occupying 1 cm of this tubing

facilitated simple calculation of the umknown volumes.

4.7.3.3. Concentration of Spermatozoa

The concentration of spermatozoa was determined by

means of an Improved NeuBMsier hemacytometer. Although the

i

small size of the spermatozoa jand heavy debris cover in the

» )

! s . . . . , ,
semen did not perﬁlt exact counts after immobilization qf

4
spermatozoa with ethanol, their slower movement and smaller

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

well as any obsefved immobilized spermatozoa. As dilution

was not feasible due to. the small amount of semen obtained,

2
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/ . , &
a revised method of counting on the grid was employed to

save time. fThe 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 calculations were made as follows: ;
No. *sperm counted x 1 x 1
{ .
No. squares counted area of sqguare depth of chamber

-

No. sperm counted‘x 400 < 10

\20 / '
After ffve counts were obtained on each AI male, the above
method?was discarded in favour of randomly choosing several
smalL*Sells and estimating the mean numbers ol spermatozoa
per cell. The calculations were then made as follows:
number of spermatozoa x 400 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

All samples of undiluted semen were given motility

.ratings from 0 to 5 immediately upon placing the fres%

¢
semen on a hemacytometer. A description of motility scoring

-~

was 3% follows:‘
0 - no motility discernable
1l - 1-20% sperm 7re motile. May or may not be progres-
sive motility. Mostly weak and éscillatory. May

be low numbers of spermatozoa.

2 - 20-40% sperm motile. Mostly pf%gressive, but some

e g+
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immobilized by debris and still exhibiting life
signs. At least 40% tofally inactive. May be
low numbers of spermatozoa. A

3 - 40-60% sperm motile. Fairly vigorousgpnd progreg-

| sive motility. 20 to 30% totally inactive. 20 to
Y% immobilized by debris, but still exhibiting life
signs. Good numbers of spermatozoa.
4 - 60-80% sperm showirg progressive motilify. 10 -to
20%\immobilized by debris, but showing vigorous Z
life signs. 10 to 20% totally inactive. Many
spermatozoa.
5 - 80—100} showing vigorou?, ;rogressive motility.
Les% than 10% immobilized by debris and less than
10% totally inactive. Many spermatozoa. 3
4.7.3.6. Duration of Motility 4

When samﬁles were available, the duration of motility
of semen held at both room and refrigerated conditions, i.e.
4 .40 lOOC, as well as mixed with Wilcox phosphate buffer
was‘examlned. Pooled éamples were stored in glass tubes
and the refrigerated éamples were placed directly‘into/mhe
refrigerator.
4.7.3.7. Per Cent Contaminatzon

The "per cent contamination"ﬁwas measured by ex-
pressing the amount of area on a hemacytomeier coyered by
debris as a peréentage-of a microscopic fiéld 400X in
magnificatiqn.

N\

4.7.4. Statistical Analysis

-

The analyses of variance and simple parametric

'l
L | wa
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correlations were performed according to Steel and Torrie ’
o {1960). Non—paramet.:ric 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 1 justify the assumption
in these experiments that age of the feﬁales would not
affect whether or not they laid eqgs. There was no appreci—\
able difference between the percentages of yearlings laying
eggs and those two years or older laying eggs.

Although no signif?cant (P>0.05) effects of pen

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

- Al vs. NM, on per cent females laying w&e noted in Appendix

Table 1, 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
AI females than NM females laid eggs in exposed pens./ More
noteworthy is the fact that in isolated guarters, all NM
females laid eggs while only 60 per cent AF 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). HoweYer, the hatchability of artificial-
ly and naturally incubated eggs laid under isolated condi- ‘
tions was 90.3 and 84.6 per cent, respectively, whereas in
those eggs laid in exposed pens, the hatchability was only
47.6 and 21.7 per cent, respectively, as seen‘in Table 3.

4 !
No significant (P>»0.05) differences .(Appendix Table

: . ! /

e

[
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-~

The Effect of Age on First Laying in Female Kestreéls

Age

yeardings

1)

2nd year or older

Total
number of 20
females

Number of
laying 16
females

Per cent
laying 80
females

/

23

19

82.6

TABLE 2

Per Cent Female Kestrels Laying in Exposed Pens

and Isolated Pens

) / Exposed \ Isolated
Pens Peps,
. Al NM Al NM
Total number 14 10 10 10
LY
Number of .
laying females 12 7 6 10
Per cent/laying
females ' 85.7 70 60 100
mean 77.9 mean 80

as
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TABLE 3

Fertility and Hatchability in NM Kestrel Pairs

Iq Isolated and Exposed Pens

Exposed Isolated
Pens Pens *»

Per Cent 'lst clutch 56.8 (21/37)* 62.0 (31/50)
Fertility

2nd clutch 76.7 (23/30) 63.4 (26/41)

artificial

incubation 47.6 (10/21)** 90.3 (28/31)
Per Cent
Hatch.

natural

incubation 21.7 ( 5/23) . 4.6 (22/26)

* 21 out of 37 eggs were classified as fertile v

** 10 out of 21 fertile eggs hatched

47
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2) were encountered between years, firsy and second clutches
or mating types with respect to the percentage laying females
producing fertile eggs (Table 4). A coef%iélent of variabil-
ity of 15.2 per cent indicates a satisfactory precision.

The fertility and hatchability of individual AI fe-
males are presented i; Table 5. The overall mean per cent
fertility from AI for both years is 76.4 ranginé from 25 to
100 per cent. The overall mean per cent hatchability for
both years is 55.5, ranging from 0 to 100 per cent. The per
cent fertility of eggs laid by AI females with respfct to
their position in the clutch is illusérated by Figure 11.

The second egg, which was the first egg laid after the first
insemination, was fertilized less than half the time,‘while
the highest fertility, 90.9 peér cent, was found in the si#th
egg laid. *

’ The fertility of AI and NM females is shoyn in Table
6, with the corresponding statistical analysis in Appendix
Table 3. In either mating type no significant (P>0.05) dif-
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 lack /
of precisioh and therefore, the differences in the figures
in Table 6 are emphasized. Both fertility and the fertility
from AI rose from 1974 to 1975 by 29.0 and 19.7 per cent, )
respectively.

Both per cent fertility and per cent fertility frzm

AI of the AI females.in 1975 compared extreqfly well wit

/

the per cent fertility of the first and second clutches of

i o W

'
-
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TABLE 4 : ‘
( Per Cent Laying Female Kestrels Producihg
: Fertile Eggs /\\
Year Al Females NM Females
v 1st 2nd 1st 2nd
clutch clutch clutch clutch
1974 100 (5/5)* 50 (2/4) 80 (4/5) 80 (4/5)
1975 100 (13/13) 89 (8/9) 67 (8/12) 83 (10/12)
Mean 100 70 73 82 .

] * 5 out of 5 females produced fertile eggs

[

O




50

‘ TABLE 5
( Fertility and Hatchagility of Individual Al
- Female Kestrels
i\x — -
Year Bird Laying Sequence Per Cent Per Cent
No. -« After First and Fertility Hatch.
Subsequent Inseminations From AI
1974 76p AI-@-0--0-0-X-- . 25 ~ 100
762 AI-~-0-0-X~0=X-~- { 40 . 100
' o 799 AI-X--X-X-X--X- ‘L‘ 100 " 100
792\ AI-X-X--0O=====-— 66 50
798 AI-@---0--X-X-X 75 100
1975 771 AI-0-X-X-X-X-== 80 0
| 783 AI-@-X-X-B----- 100 0
789 AI-O-X--X~X===~ ¢ 75 66
792 AI-X-0-X~X-X-~- 80 75
E ()] 764 AI--X-X--0-X--~- 75 0
‘ - 798 AI-X--X--X-0-0~- 60 ’ 66
‘ 40 AI-@-X-X-X—~--- 100 0
22 AI--0-X--X-X--X 80 100
19 AI-X=-X-=X-X--X~- 100 60
41 AI-@-X-0-X----- / 66 0
| 16 AI-X-X--X-O-=~— 75 100
60 AI-@-X-X~-X--X- 100 25
Mean 76 55
X = fertile egg O = infertile egg B = egg broken

no egg laid . :

® these eggs were too far developed to be fertilized by the
first 1nsem1nat10n

- ¥

B e
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Figure 11. Per cent fertility of eggs laid by Al kestrel
females with respect to their position in the

/ c¢lutch.
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TABLE 6

— ” Comparison of Fertility Between Al and NM Female Kestrels
—_Treatment Year No. Females No. No. Eggs Laid No. Per ngg//éér Cent**
« Laying Eggs After AI¥* Fertile Fertile Fertile
— . From AI
NM - 1974 5/8 lst 26 . 20 76.9
. clutch
’ 2nd 22 18 81.8 -
clutch :
1975 12/12 1st 61 27 44.3
B . ’ clutch
2nd 49 31 63.3
i clutch —— _— —_
- ~ Total 158 96 Mean 60.8
o AI 1974 5/8 .28 21 13 46.4 61,9
‘1975 12/12 65 49 40 75.4 81.6
Total 93 70 53 Mean 57 75.7

rége gﬁ h«: B

* The figures in this column exclude those eggs too far developed to be fertilized
_from the first insemination. ’

** "per cent fertile -from AI" is the percentage of fertile eggsirelative to the number
of potentially fertilized eggs.
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NM females in either year. While the overall per cent

fertility in either mating type was very close, the overall

. fertility from AI ranked 14.9 per cent higher than the

overall fertility in the NM group. A considerable decrease,
in fetkillty from 1974 to 1975 of the first and second

clutcheg 1s noted. An increase of fertility in NM females

from fairst %é second clutches in both years 1s also observed,
No significant (P>»0.05) differences in the hatcha-

billAy of eggs from AI and NM females under natural or

artificial incubation (Table 7) were noted in Appendix Table

*

A

4. A coefficient of variability of 14.2 per cens represents
a reasonably high precision. One should also note in Table
7 ithe substantial decrease in H&tchability in all three
tréatmepts from 1974 to 1975, particularly in the case of
eggs produced by.AI females and artificially i1ncubated where
the decrease is greater £han 5C per cent.

&hg fledglng rate of both hand-reared and parent-
raised birds was fairly high. Except for one chick born
with a defect, mortality among chicks resulted mostly from
accidental causes. Over the two years, 25 of 27 chicks
were parent-raised for a fledgi;g rate of 92.6 per cent.
During the same period, 63 of 72 chicks were hand-reared for
a fledging rate of '87.5 per cen£; 32 of these were prédqced?
Ey AI{ In addition, for exper{mentation and for the reduc-
tion of man-hours consumed by hand~rearing, 11 AI chicks in
1975 were fostered under parents whichneither had infertile .

eggs or only one chick. Of these, 7 survived. 1In all of

the chicks hatched in both years, the sex ratio was very '
I

. N , [y "M”m%» oo —
- ot 2 : 4;.?& o ~ g vl
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TABLE 7

N

lHatchability’ of Fertile Eggs of AI and NM

A

Female Kestrels

*

»

Fertile

54

Mating Incubation Year No. Per Cent
Method /. Eggs Hatched Hatchability
: ; Al Artificial 1974 18/19 T 94.7
} 1975 18/40 45.0
. N ) Total 36/59 Mean 61.0
NM Artificial 1974 19/20 95.0
+" 1975 19/26 73.1
» ‘1' Total 38/46 Mean 82.6
. + NM * Natural 1974 13/18 72.2
» 1975 14/26 \.53.8
- , - N
(' 1 Total 27/44 Mean 61.4
: - -
[ ] ¢ )
»
]
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nearly one to one.

\
5.2. Duration of Fertility

The results on the duration of fertility‘of individ-
ual AI fe€males in 1975 are presented in Table 8. The mean
du;atlom of fertiliéy was 8.1 déys, ranging from 4 to 12
days. The mean per cent fertility from AI was 48.4, rangin
from 10 to 100. The per cent fertility while fertile rangded
from 50 to 100 with a mean of 70.%. A low per cent hatcha-
bility was again encountered, ranging erm 0 to 100 with a
mean of’42.7. 4 o=

The Spearman Rank Correlation test (Appendix Table 5)
revcaled/no significant (P?O?OS) relationships between semen
characteristics'aﬁd the duration of feytility, or, the fer-
tility and hatchability associated with the duration‘of
fertility.

v

5.3. Semen Production

There is no appreciable difference in the per cent

successful massages between 1974 and 1975. A mean of 74.2
L ~ N

. per cent was obtained over Eﬁé“twe\¥gg£si(Tabl 9).

Tlections

.
Table 10 summarizes the percentages of c

. yYielding semen, urates, blood and nil, The percentage of
N .

-~

collections resulting in semen alone was greatest in the
months of April and May, dropping considerably in June,.
The percentage of collectiéns yielding urates however, was
Agreatestwin March, declining to less than half in the re~
maining months. The presence éf bl?od‘in the collections
was d&evalent only in March and almost nil in April, May

and June. The per cent collections yielding nil in June

T —
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: TABLE 8
% “buration of Fer;ility of Individual AI Female Kestrels in 1975
Hen Al Egg~laying Sequence Duration of Per Cent Per Cent ** Per Cent
No. Fertilaty Fertile Fertile Hatchability
(days) From AI While .
Fertile .
\ 33 AI—O—X-—O--O—O—-O—O—O—OJ-O-O—-- 4 10.0 50.0 0.0
798 AI-0-X-X-0-0-0~-0O--=-=-=s—-——=—= . 6 ‘28.6 66.7 100.0
" 16 _AI------»-0-X-0-0-0--0-0--0---0 11 11.1 50.0 100.0
i:d 792 AI-O—X-X—b—O—X—-O-—O—;;O-O—O-—- 12 27.3 50.0 0.0
764 AI--X-X-X--X-0-=r----—===oo---- 10 80.0 100.0 25.0
fU 41  AI--X-X-0-0--=--—=m=commmmmemaen 5 50.0 100.0 - 50.0
g 789  AI+O==-X-X-X--=====m-=-=-=mcmmm- 9 100.0 75.0 0.0
y 783 AI-X-X-O==-==om- ! SRS g* . 75.0 75.0 ——  66.7
. = Mean 8.1 48.4 70.8 42.7
- ﬁ; = fertile eggq 0 = infertiletegg - = no egg laid *

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

** "per qeht Fertile While Fertile" refers to the percentage of fertile eggs
relative to the total number of eggs laid during the duration of fertility.

—
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TABLE 9 - .
Per Cent Successful Massa?;f Performed on Male Kestrels
Year No. ’ Total No. / Per Cent Mean Volume of Semen
o Tiercels Trials* Successful Obtained Per Successful

Collections Trial (ml.)

1974 8 124 77.4 not measured

1975 18 376 71.0 .019

—_— Total 26 500 Mean 74.2

.

NI

* The figures in this column only include those trials attempted on each male after
their first successful massages.
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TABLE 10 o
Per Cent Collections Yielding Semen, Urates, Blood and Nil in 1975
. T %
' -
Type of March 12-31 April 1-30 May 1-31 June 1-30 . Mean
Yield : -
Semen (S) 24.8 (36) 66.2 (88) 71.4 (105) 54.9 (45) . 54.0 (274)
Urates (U) 49.7 (72) 23.3 (31) . 15.6 (23) 22.0 (18) 28.4 (144)
Blood (B) .7 (1) - - ' . - .2 ()
Su 4.1 (6) 6.8 (9) 6.8 (10) 1.2 (1) 5.1 (26)
BU _ 9.7 (14) - - - 2.8 (14)
SUB 1.4 (2) - - - 4 ()
Vs
I sB .0 (1) ~ .8 (1) - - . 4 (2)
E Nil . 8.3 (12) 3.0 (4) 6.1 (9) 22.0 (18) 8.5 (43)
5 | *  Total Attempts (144) ' (133) (147) , (82) (506)
E \ ; | |
-
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&
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almost quadrupled the mean of the other three months. Of
Rhe total attempts, semen was collected 54 per cent, urates,
28.4 per cent and nil which ranked third, B.5 per cent.
The age, weight and semen characteristics of the 18

AI males are summarized in Table 1ll. Semen volume averaged
13.8 wl, ranging from .1 to 59 1. The concentration of
spermatozoa ranged from 4,000’to 100,000 with a mean: of
32,000, The highest sperm count per ejaculate was 3,879,000
while the lowest was only 200 with a mean of 478,000.
Motility and semen appearahce scores ranged from zero 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 mean of 68. A noticeable number of abnormal
spermatozoa in the first few collections was recorded for /
four year}ings and two two-year old males.

“ Referring to Appendix Tables 6A and 6B, significant
(P<0.05)/positive correlations were found between the age of
" the males and either semen volume or sperm count per ejacu-
late. With respect to weight of thHe males, signiticagt
(P<0.05) and highly significant” (P<0.01) positive relation-
ship8 were present with concentration of spermatozoa and
sperm count per ejaculate, respectively. Mention is Also
made of a highly significant (P<0.0l) positive correlation
between age and weight of the males.

The period of semen production, at least in 1975,

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

of semen production among the AI males was 73.6 days, ranging

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

?
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TABLE 11

Age, Welght and Seren Characteristics of Inidividual A Male Kestrels 1in 1975

Male Age Body Wt. Par Cent Semen Volumre Concentration Sperm Count
- ) No. (Yrs) {gm)} Successful {anl) of_ Sperm;tozga pfr e)agulate
Massages e, x103/rmd) (x103)
N Begin £nd Mean Range Mean Range Mean Range
57 1 100.8 10%.8 &S (23/27) ) 20 4-44 51 12-100 1013 90.0-2536
\ 2:l 1 96.4 1060.7 73 (11/15) ] 1-10 45 20-70 190 1.9- 674
\31 1 100.1 103.2 73 %19/26) .10 2-25 18 7-60 173 .4- 603
¢ 3 1 95.1 107.0 77 {10/1)) 11 3-43 22 10~‘0' 246 .6~ 860
S 10 1 ‘HG.G 107.2 71 (15/21) 9 2-20 38 9-60 287 71.0- 706
2 1 97.2 *100.¢ 67 (14/21) ? 1-7o 34 10-95 22S .6~ 7196
—_—
- ra 1 94.6 35.9 €9 ( 9/13) 18 2-26 8 6-15 78 .2- 183
- 56 1 ’!8.2 102.7 %S¢ (14/24) 16 2-20 33 14-60 408 .6- 852
y 17 1 92.7 97.2 68 (L1/25) 15 1-46 17 4-29 240 1.0~ 680
784 k] 107.1 116.0 72 (18/2%) 17 2-33 33 10-60 651 116.0-1962
~ 788 3 131.0 1l11.4 63 (52/32) 15 1-34 40 4-60 424 5.0-1242
798 3 199.7 122.4 47 ( 8/17) 29 2-32 36 22-4€ 573 65.0-1420
%7 3 131.5 113.9 S9 (13/22) 16 1-59 41 6-60 1876 13.0-323%
= 713 2 87.1 100.5 71 (17/24) 11 3-34 16 4-36 142 2.5- 318
. ’ Exl 2 114.1 111.1 79 (22/28) 13 2-33 53 6~100 789 .2-2616
" 176 2 117.1  113.9 91 (21/2)) 16 2-42 35 5-54 504 41.0-2082
777 2 110.\7 104.1 49 ( 9/13) ] 2-17 28 10-60 298 28.0- 664
B k4 o 2 109.3 -- 71 (5/7) 23 13-4 57 16-94 1456 249.0-3879
Overall Nean 105.6 70.5 ;—8 ;:-_3-2. ;2- - 9-59 :’?; 25.7-1261
. -

* bird died midway through season, so it 1s excluded from ave'rlaqes

——— o o~ e . e S g g, S
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Age, Weight and Semen Characteristics of Individual Al

°

TAELE 11

(cort.)

P & o TN T

Male Kestrels ir 1975

Male Motility Score Seren Appearance ~ Fer Cent
No. of Spermatozoa Score Contarination
Mean Range Mean Range Mean Rance
57 4.6 2-5 2.7 0-5 86* 50-100
. 27 3.3 3-5 2.6 0-& 100+ --
) 37 3.0 0-5 2.6 0-4 83 25-100 ‘
38 3.9 1-5 » 2.3 1-4 49 15-100
30 4.8 3-5 2.1 1-4 66  10-100
32 3.7 5-5 0 3-5 92¢  65-100
23 2.2 1-% 2.6 0-4 78* 50-100
i ) 56 4.9 0-5 1.5 0-3 17 10- 70 \
\‘2 1y _ 3.3 1-5 2.3 - 0-4 60  20-100
g;“ 784 a1 2-5 3.6 2-5 74 15-100
3 o 788 4.3 2-5 1.6 1-5 55 10-100
?3 - - - 79% 4.5 3-5 1.4 0-3 .97 90-100
& ' . 07 .3 1-5 1.7 0-3 43 10- 80
& 773 \3.8 1-§ 1.6 0-13 51% 20- §0
‘ 774 3.8 a-5s 2.6 0-5 68* 10-100
176 - 4.5 0-5 1.8 1-3 34 10- 50
177 3.8 3-5 2.6 1-4 91  80-100
779 4.7 3-5 2.2 3-5 - --
. Jiean 3.3 2.1 2.5 6-4 68 3l- 93

* noticeable number of abnormal spermatozoa in first ccllections

e v oI
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TABLE 12
( , Duration of Semen Production in Male Kestrels

e j in 1975

“ Date of first motile sperm March 19

Date of first measurable sample March 19

; Date of first sample coﬁtaining 100000 .sperm March 27

? Date of lgst mo;}le sperm | June 30

% ' Date of last measurable sample [ June 30

% Date of last sample containing 100000 sperm June 30

f : .
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»

for the yearlings was 75.4, while it was slightly higher for
the older males, being 82.8 days.}{ In both 1974 and 1975 the
same bird produced motile sperm on March 19. 1In 1975 the
last motile sperm were observed on June 30. As seen in Table
13, peak production of semen with respect to semen volume,
concentration of spermatozoa, sperm count per ejaculate and

motilitykof spermatozoa occurred between April 7 and 29.

+The values of these characteristics tapered off from this

( period to nil on July 10.

In terms of photoperiodic effects, semen production
began when the daily light period ;eached 12 hours and 15
minutes. Peak production was observed between 13 and 14
hours ©f daily light. This production declined considerably
around the longest day of the year: June 21 with approximately
15 hours and 45 minutes of daily light.

No significant (é)0.05) correlations (Appendix Table
7) were observed between weather factors, i.e. temperature,
barometric pressure and per cent possible daily sunshine, )
and any of the four aforementioned semen characteristics, as
well as per cent successful massages,

The semen characteristics of AI, colony 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 all
traits with the exception of a high motility due to the
examination of two samples only. The AI-and paired males
were exéremely comp;rable in all traits except for sperm

count per ejaculate, where that of the AI males almost

doubled’ the sperm count of the paired males. 1In each group

1

-~

——




TABLE 13

_ Relation of femen Characteristics to Time of Year and Fhotg)perxod in 1975 _

Date Duration of No. Males Mean Semen Mean Sperm Mean Sperm Mean
Daily Licht Producing Velure (1) Conc. Count Per Motaility

Semen (x103/mr3) E]acugato Score

(x10°) .

Mar. 14! 11:50 0/18 -- -- -- -

Mar. 21 12:15 4/18 7 -- g.l 2.8

Mar. 29 12:40 10/18 7 24.5 1?9’.1 j.1

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

Apr. 15-16 13:35 13/1e 17 S 61.8 1150.3 4.7

Apr. 21-22 13:50 15/1% 13 50.1 579.9 4.5

Apr. 28-29 14:15 14/18 19 34.6 o 787.3 4.0

May 5-7 14:35 12/17 10 26.3 279.5 4.1

May 19-20 15:05 13/17 12 * 32.4 214.7 4.3

. May 25-27 15:20 13/17 13 3.2 338.0 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 ]_.5:45 9/17 5 43.2 188.5 2.8

June 23 15:45 5/17, 2 30.&: 166.6 2.1

June 30 15:45 4/17 3 32.7° 116.4 1.4

- July 16 15:30 0/17 -- - - -

) Y
<
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TABLE 14

Semen Characteristics of AI, Colony and Paired Male Kestrels During
the Perlod May 27 - July 10
1

s

Male ' Per Cent Mean Mea Mean Mean Mean Mean
Group Successful Semen Sperm Sperm Motility Semen Per Cent
Massages Volume Conc. ount Score Appearance ' Contamination
Wwl)  (x103/mm3) (No03) Score
Al. 55 (57/104) 10.0 31.4 384.9 3.1 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
' - ~
Y
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of males, the per cent collections resulting in urates almost
( equalled that resulting in nil (Table 15). The colonial
males were again by far the highest in both percentages with
the pagred males ranking a solid second’ in production of
urates. : )
With respect to frequency of collection, semen collect~
ions performed on two consecutive days resulted on the second
day 1n a decrease in semen volume 6 out of 7 times and 1in
decreases in sperm concentration and sperm count per ejacu-
lat® 4 out of 4 times. A second collection on the same day
resulted in reductions of semen volume and sperm concentra-
tion 6 out of 9 times and a decrea?e in 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 concentration of spermatozoa and total sperm count per
ejacd&éfe,yolume but exceeded the quail both in sBemen volume
and durdtion of fertility.

! 5.4. Relationship of Semen Characteristics With Fertility

€

-’ ‘ and Hatchability
o With respect to fegtility?\fﬁe only significant (P<0.05)
relationship revealed by the Bpearman Rank Correlation test
(Appendix Table 8) was a positive one with sperm dount per
ejaculate. However, positive correlations between fertility

and both semen volume and concentration of spermatozoa

i approached significance (P = 0.05-0.10).

N

None of the six Bemen characteristics was related
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TABLE 15 ~

Per Cent Collections Yielding Urates and Nil in AI, Colony and Paired

Male Kestrels During the Period May 27-July 10 ;

Male Group Per Cent Collections Per Cent Collections
Resulting in Urates Resulting in Nil
AIX 23.1 (24/104) ~ 22.1 (23/104)
Paired . 32.4 (22/68) 23.5 (16/68)
Colony 50.0 (15/30) 43.3 (13/30)
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TASLE 1€

Compariscn ¢f Seren Characteristics Eetweern the Arerican Kesirel

” )‘

ané Domestic Avian Sgecires ) &
Species- Appmxiﬁate Mean en Mear. Scverr Mearn S,_:ei’t Du
Meanr Body Vol. (al) | Conc. Ccunt
 wt. {Kc) - . (106 'Erm) (x1c&
Turkey -—. 11.4a ,2“‘390{ € - §: 273C,
Goose 7.2 SC-620 T m—me- -———
AN , a 1 [od . N
- - gen -
})uck (la{gel 4.3a ‘-“é l.S:d > . 6’24.95
Pigeon .8a~ .‘L(’J-2(}b ’ “ .37h 5 - 6‘;:
Chicken (large) LIS 506-§00 _ 3.5 1750
gﬁ ' Quail , . -2, 16 S5 - 6 35, -
4 Kestrel 1 14 - N kT S .53
" a adapted from Jull (1947) -
b adapted from Owen (1941) . ~
c adapted from Smyth (196€)
d adapted from Pingel ({1972) *
e adapted frow Johnson (1954)
’ f adapted from Watanabe and Sugimori - (1957)
} g adapted from Ensmincer (1971) -
: h author's calculations -
| o -
i — 5
) P
] N
. =~ -
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motility of spermatozoa and either concentratiofi of Bpermato-

! .
* 69
significantly (P>0.05) with hatchability. .t

/

Significant relationships’ among semen characteristics

are shown in Appeﬁdix Tables 9A, 9B and 9C. Per cent success-
ful massages and semen volume exhibitedMa significant \

(P€Q.0%) negative relatiorship. Ther; also exists a highly
signifipesg ,positive (P<0.01)vcorre1ation between spérm count | o .
per c¢jaculate and concentration of spermatozoa. Furthermore, ‘/ ‘i
the Lpcearman Rank Corgélation tegt showed highly significant |
(r€0.01) and significant (P<0.05) relationships between o

a

zoa and sperm count ﬁcr ejaculate, respectively.

e et -

Attempts to relate duration of motility under storage

conditions and either fertility or hatchability werc not made,

LUt some data were:collectef oﬁ pooled samples to determirie
effective storage cond%%ions of kestrel semen. The mean C )
motility of three samples of pure semen held under refrigera- ‘
tion, {.e¢. 4.4 to 10°C, dropped from 5 to 3.5 after 12 hours
and then to 2.3 after 24 hour??\ Barély motile sperm were
ut{ll observed at 96 hours. At room temperature, the mean
motility of three similar -ampiel dropped from 5 to 2.7 after
12 hours and slight motility was visible up to 72 hours. The - .

mean motilitl of sperm in three semen samples mikxed egually

“ with Wilcox phosphate buffer declined after 12 hours from

5 to 3.7 under both room and refrigerated temperatures.

After 24 hours it decreased to 3.5 in two samples held at
room temperature and to 3 in three samples stored in the

/
refrigerator. In samples mixed with Wilcox phosphate buffer,

barely visiple motility was seen up to 72 hours in one held

v m———
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at room temperature and up to 84 hours in another kept in

L

-

( the refrigerator. e
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6. pIschssioN

6.1. Egqg Production, Feitiligxﬁand Hatchability , -
: [

In general, single AI females were more inclined to

—

lay in exposed conditions while paired females laid more

frequently in isolated quarters. This agpees with the, sug-
/

gestions of Owen (1941) that induction of laying in female

pigeons that do not ordinarily lay in isolatfon may be

-

g achieved by placing males and fewa%ﬁs in adjacent cages or
by placing two females in the same cage. However, two . 4

attempts with the latter technique us}ng two female kestrels

and two nestboxes in 1975 ;esultéa in eggs broken on the

' O ground on both occasions. In contrast, all three femalas

held colonjially with seven males in a large pen laid eggs

in three different nestbgxes in 1975,
Although fertility in the NM females was not greatly

s

affected by pen delién, the per cent hﬁﬁchability was much
. 3

-

lower in both artificially and naturally incubated eggs of

M females held in exposed guarters. The reasons £or this

Al

tchabiﬂgty will be di-cus:ed in the next section.
overall per cent'fertility obtainod wi
/ compared to that qbtained by NM { cxcalf;nt proof of the

in prgducing fertile eggs. Eiper-
/

ience with the technigue may have playAd Lomc part in the

success of the tochni

inctcalcy of fertjility from 1974 to 1975.

o .
CJ One diudvcntaqc of the Al technique might be the
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failure to fertilize those eggs laid or tbo developed prior
to insemination. Th?s may be insignificant hozgg,r, in con-
sideration of the almost equal numbers of fertilé eggs
obtained“by,either breeding technique. Although goshawks
were successfylly inseminated prior to egg-laying (Berry,
1972; Corten, 1973), this was not possible with the American
Kestrel.

{ Natural incubation by single Al females was gener:lly
not practiced. 1In 1974 second clutches were left to be

y

incubated by \the four AI females who laid them. All clutches

including two \containing fertile eggs were abandoned by the
LA N

. females, so the eggs ,were placed in an incubator. Although

in 1975 one Al female successfully hatched a chick out, the
overall tendency to lose interest in incubation may result
from the absence of a male to relieve the incubating female.

On many occasions, NM males were observed relieving ‘their
) N
incubating mates and at least twice were sEeW sitting beside

their mates on the eggs.

\

The failure to find significant differences in hatch=-

ability of dggs produced b eisher breeding technigue and
» d " 4

incubated either naturally or fically provides further

evidence of the success of Although thé hatchability
dropped for al; treatments from 1974 to 1975, most distufb-
inq was the more than 50 per cent drop in hatchability of
ogél laid by AI females and artifi;ially incubated. This
has been reported as early as 1938 when Burrows and Marsden

(1938) found a significantly higher ebryonic mortality in

eggs from Al turkey hens than in eggs from NM females,

/
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but offered no explanation as to the exact cause.
\——"" - ‘
The following possibilities are suggested as causes
of the poor hatching results obtained in 1%975. Unseasonably
high temperatures in the month of May could account for the
poor hatchability in all treatments, i.e, NM vs Al, artificial

v8 natural incubation. This month now holds the records in

the Moﬁtreal area at least for the highest mean maximum temp-
grature, the second highest mean minimum teémperature and the
highest monthly meﬁh temperature, the iatten being 17.7°% a%
compared to only ld.4°c in May 1974. Prior/to May 27, 22 out
of 24 fertile eggs in 1975 hatched éﬁccessfplly for a per }
cent hatchability of 91.7 which compares well with the 95

per cent overall hatch obtained in 1974 in the same incubator.

Out of 65 fertile eggs artificially incubated due to Fatch .
after May 27 in 1975 only 23 hatched for a per cent hatchabi- ‘ ?
lity of 35.4. Furthermore, only 12 out of 30 naturally ﬁ
intubated fertile eggs also due to hatch after May 27 hatched
for a per cent hatchability of 40. Embryos died at various

stages of development including 10 fully-developed chicks

-

which ﬁied at the pipping stage., In poultry breeding, it
v A8 known that storage of egés in warm temperatures prior to
Tincubation impairs hatchability (Landauer, 1951). ¥
The slight differences in the design of the Marsh
Farms Roll-X incubator bought in 1975, i.e. thinner walls, ,
as compared to'the 1p74 model may bear some importancg, as
the formif seemed to possess an inhelrent %igﬁer relative

cg\umidity even though volume and surface afea of the water

were virq’ally the same in both incubators. Beveral laboratory

-

—

3




s

- A

e —

¥ ;

(rmnnt

thermometers were used to test this, as the thermometers

8old with the incubators are of lesser quality and hence less

accurate. On May 27, 18 outtof 26 fertile eggs kept.in the

1975 incubator held dead embryos. /The remaining eight were
moved to the 1974 incubator which had already hatched 22 out
of 24 eygs, but'only onc of these hatched. The total per

cent hatchability for the 1974 inc¢ubator in the years 1974 and
1975 were 95 and €9.5, respectively.

The third possibility is the effect of the AI method
of mating on &he hatchability. Of the 26 fertile eggs held}
in the 1975 incubator prifor to May 27, 15 were produced by |
AI. The single egq that eventually hatched{in the 1974 in-
cubator 'was an AI egy. fncluded in the 22 jof 24 eggs success-
fully hatched in the 1974 incubator prior May 27 were three
Al eggs. Finally, 22 out of 39 fertile AI eggs kept in the
1974 inéubator successfully hatched afﬁ%r May 27. 1In view
of the excellent hatch of Al eggys o7tained in 1974 by art-
ificial incubation (18 out of 19), it seems doubtful that AI
eggs are inferior to NM eggs in haﬁthability.v

The influende of pen design has already 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 research into this aspect extreme~-
iy important. —

withgrelpect to bacterial contamination reportbgrin
eggs 1aid by captive kestrels (Porter and Wiemeyer, 1970), ‘it
is ditficult to draw any conclulionl as to whether this is a

cause or a consegquence of embryo mortality. Although environ-

mental cleanliness in pehs and the incubator room was equally

!
/
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maintained in either year, this factor cannot be entirely
ruled out. It is not impossible that contaminated egygs
moved from the unsuccessful 1975 incubator on May 27 to the

1974 incubator may have resulted in further contamination

.and a poorer hatch in the latter incubator.

Increasing age of parents was also proposed by Porter
and Wiemeyer (1970) as a possible cguse for the poor hatch
of eggs 1aia by non-yearling pairs in 1968. This might not
pertain to my experiments, as yearlings were paired with
older birds,

In retrospecg however, it seems plausible that a
combination of both unseascnably high temperatures ip the
month of May yh;re the greatest hatching occurs and the
inherent gualities of the 1975 incubator were most likely
responsible for the poor hatching results in 1975,

V The high fledging suécesa of hand-raised birds as
compared to parent-raised birds is a strong indication of
an excellent procedure for hand—raininé kestrel chicks,
thereby enhancing the value of the American Kestrel as a
research animal. Also, there is no doubt in the author's
mind that kestrels produced by Af’are as healthy as those
bred naturally. In fact, some of the AI birds produced in
1974 ;uccellfully ﬁated and fledged young in 1975, probably
constituting the first birds of prey in history ever to do

80,
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. 6.2.'Duration of Fertility

/

Bince fertile eggs appeared only two days after Al

L

&
41.2 per cent of the time, this indicatesVan onset i
- ‘ /

!
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of fertility of about one day, allowing for one day of egg
development. If '‘capacitation' of spermatozoa, a phenomenon
described for mammalian sperm (Chang, 1951), but also sug-
gested for quall (Ogasawara and Huahg, 1963) does occur in
the kestrel, it will require at most one day. The dura-
tion of fertility of 8.1 days indicates the presence of sperm
stof%qe glands in the American Kestrel as reportéd in chickens

fBobr et al, 1962), turkeys (Verma and Cherms, 1964), and

‘éoth pheasants and guail (J. J. Makos III in Smyth, 1968).

Further research on other species of birds of prey would
probably reveal as much, although Corten (1973) suggests
that sperm storage glands do not exist in g;shawks because
of observations of numerous copulations required to ferftilize
one clutch in the wild (Holastein, 1941 in Corten, 1973). On
one occasion, a fertile egg was produced- at least nine days
after the previous egg was laid, giving a supposed durition
of terg}lity of 15 days. This is not conclusive however, as
there is the possibility that the fertilized egg was held

in the system for the unusually long period between oviposi-
tions.

In view of the above duration of fertility, the author

_ recommends twice weekly inseminations, but to ensure the

highest fertility, one cannot go wrong by inseminating after
every oviposition,

6.3. Semen Production

6.3.1. Per Cent Buccessful Massages

The little difference in per cent successful massages

Qe(\
from year to year indicates that experience with the

« S———e ¥

arer e




T

@)

77
technigue of collection does not play a large part in the
successfu} procurement of semen. 1In 1974 the role of the
operator who collects the semen in the tube was comprised
of many different individuals, some with no experience. 1In
1975 this role was undertaﬁen by one person. The importance
of experience is mainly stressod for the collection of good
quality semen free of urates, as already demonstrated in
chickens (Burrows and Quinn, 1938). » N\

The high percentage of co{;ections resulting in
urdtes in the month of March was likely due to the feeding
of males prior to collections on collection days. This .
percentage was decreased by meore than half by simply not
feeding the AI males until all collections were performed
on that day. The 11.8 per cent collections resulting in
blood-tinged samples occurred almost solely in March. The
si%yation was remedied by placing pressure on the abdominal
area just below the cloaca with the thumb of the hand hold~
ing the bird's iegs during milking of the sefen. Less pres-
sure by the milking fingers is needed and consequently, the
chances of haemorrhaging greatly decreased. Exsremely cold
temperatures and collections made in the beginning of the
1975 season perhaps with Q:re zeal and less cate than in
1974 may have also contribubted to the cause.

On four occasions, semen was ejaculated with little
or no massage required, indicating that some of the males
were being condigioned to the technigue. It is commonly

known in poultry that males will respond to the massage

technique exceptionally quickly after a period of practice.

e
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In two of these instances, the semen examined was gontaminated
with as much and more debris than samples collectgd previously
by f&il massage in the same bird. This is not in agreement\
with the finding, of Kamar (1958) that cock semen obtained by
collection without milking is relatively free of contaminants
compared to that milked from the bird.
6.3.2. FactorghInfluencing Semen Production
6.3.2.1. Influence of Age

The significant-positive correlations found/betw:;n
age of the males and either semen volume or sperm count per
eJaculate volume does not agree with the esults obtained in
fowl (Penguite et al, 1930; Burrows and Titus, 1939) or
those reported in turkeys (Carson et al, 1955a). They were
likely due to the little variability in these characteristics
expressed by the older birds. However, some yearlings were
extremely capable of producing volumes 65 semen and sperm
numbers that equalled or surpassed those of some of the older
birds. Increasing age did not influence the du;ation of
semen production to any large extent as suggested by the
experiments of Corten (1974) when hls tiercel goshawk produced
semen later in the season than it had previou; years.

High percentages of abnormal spermatozoa in young
cockerels have been reported by Sampson and Warren (1939)
and Van Drimmelin (1951). In the American Kestrel, notice-
able numbers of abnormal spermatozoa were observed only‘in
tAe early collections of four yearlings and two older birds.
6.3.2.2. Effect of Body Weight

This study revealed no positive correlation between

. "
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body weight of the males and ejaculate volume as reported
( in fowl by Penquite et al (1930) and Hettmann and Gleichauf
(1974). Also contrary'to the observations of Penquite et al
(1930) concerning a megative cortelation, a significant
// positive relationship was shown between body weight and
concentration of spermatozoa.
6.3.2.3. Individual Variabflity
/ There appears to be a reasonable amount of individual
N var;ability with regard to all semen characteristics in the

kestrel. ’This agrees with the finding of Carson et al (1955b)

of considerable variation in semen volume in different male

[N W-“~

turkeys. It only agrees partially with McCartney (1956) who
found no sagnificant differences among toms for iemem volume,
motility, pH or sperm concentration, but did for sperm numbers

(} " per ejaculate volume.

T e T

6.3.2.4, Time of Year

Bince semen production did not begin both years until P
at least Mar;h 19 and continued pp to June 30 in 1975, a
definite l;alonal production is confirmed in the kestrel as
L already demonstrated in chickens (Parker and McEpadden, 1943),
* turkeys (Carson et al, 1955a) and starlings (Bissonnette 19%0
! in Bissonnette and Wadlund, 1932). /

. ¥ With respect to duration of semen production, the mean

of 73.6 dayl\ranging from 48 to 101 days reported in this

p .
J work agrees reasonably well with the 111 and 70 day periods
t . o

observed in two Golden Eagles (Grier, 1973) as well as that

shown in goshawks (Corten, 1973). The somewhat shorter °*

@ pcriod/l of attempted copulations in hawks described by Berry
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(1972) and Bird and Lague (in press) do not necessarily

signify periods of semen production, as motile sperm were

~

,
collected from paired kestrel males long after egg-laying ¥

~

ceased. Although no dates of commencement were recorded
for paired nmlés, the termination dates of semen produc-
tion in both Al and paired males were very close.

A definite peak in semen production durinq the last
three weeks of April coincides extremely well with that
reported in chickens (Parker and McSpadden, 1943) and with
testes development in starlings (Bissonnette and Chapnick,
1930). It also falls into the period of maximum sperm
production for turkeys (Carson et al, 1955a).

Berry (1972) stated that semen production was closely
synchronized with egg~laying in his goshawks. %igure 12 .
summarizes the apprexfmate laying timee of wild and captive
kestrels and the periods of semen production of hboth Al and
NM males. Lggy-laying in the paired NM females usually took
place during the last two weeks of April while the single
Al females with few exceptions laid eggs one to two weeks
later than the NM females. The egg-lq&ing times of the NM
birds coincided quite closely with those of wild kestrels
layihy eggs in‘the Montreal area in 1973 and 1974 (Bird
and Spiegel, 1975). 1t is c&ra:ly evident that semen produc-
tion of the Al males is closely coincident with the eéq-
laying periods of both wild and captive pairs of kesgrels
in the Montreal area. It is also apparent that some under-
lylng factor common to all of the above birds is responsible

for this close synchronization of semen production and egg~
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6.3.2.5, Iktluonco of Photoperiod.

That photoperiod or the lenathening daily sunlight
period is probably the most important factor influencing
aqonadal cycles in birds has already been shown by Bisaonnette
(1936), Rowan (1938), Farner (1959), Wolfaon (19%59) and
Schwab (1970). Different lighting regimes have been reported
to affact both semen production and semen quality in chickens
(lamoreux, 1943 Ronadonna nnq Pozgi, 1955 Bajpai, 1963
Parker and McCluakey, 1964). The lmportanco of photoperiod
ar a atimulatory factor in eqa-laying in Amarican Keatrels
has already been shown by Willoughby and Cade (1964). Since
peak production gf semon was clomely synchronieced with eqg-
laying in thias study, one can conclude that photoperiod plays
a significant role in stimulating semen productinn in the
American Kestrel. It im hot yet known Qhotﬁpr semen produc-
tion in American Kesatrela could be prolonged for ex&ondod
periods by holding tho photoperiodic regime at peak produc-
tion as was done in utnrlinqh in California (Schwab, 1970).

Thvilnyinq of eqga by the mingle Al females one to
two weoks latery thpn NM fomales is a problem that must be
solved. Attempts to fertilize a second clutch of eqgs of
the AI females in 1974 by removing first clutches were for
the most part foilad bocause the semen production of the
Al males was declining rapidly atﬁthe time of that laying.’

A posaible molution miqht“be the alteration of photoperiodic
reqimes of either the females or the males so that semen

production of the AI malea and eqgqg-laying of the Al females
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are more clonol§ lynchroniiod. i.e. ;ag th?>§hotoporiod of
the Al malea two wgakn behind or advance ‘the photoperiod
Of the AI femalea by two weaka. :
6.3.2.6. Influence of Weather &

In concd;danco with Rissonnette's (1931) conclusions
that temperature and barometric pressure are not requlatory
gactof- in mexual changes in atarlings, theae variables as
well as per cent possible munshine were found not to affect
semen production or aemen quality. In fact, qood quality

sombn was collected at temperatures below -15° and-above

30°C. This ia im complete agreement with results reported

for fowl (Wheeler and Andrews, 1943), It has niready been
shown that keostrelr can produce fartile agam+in winter
raqgardless of tomparéturo (Wi]louqhby and Cade, '1964).
6.3.2.7. Management of Malen ‘

The results of Table 14 scem to indicate that males
kept in small quartar; isolated from femalea are superior
to both paired males and colonial males in almost every
semon charactaristic including per cent auccaaltﬁl massages.
(?hin is not congruent with the work of lLorenz ‘et al (1956)
who found no lighificant differences in semen volumce or sperm
concentrations between pairad and non-mated turiey tomn.

The r&ault- reported here ,are not necessarily conclusive

*
however, as the Al malea were handled requlariy prior to

May 27, whereas the paired and colonial males were not. In
support of the results are the obaervations of Burrows and
Quinn (1937) in fowl and Owen (1941) in pigeons that males

kept in large pens or males paired with females may be

-~
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Ljaculatpd reqularly but qivﬁrnmnllor vields of aemen. - .

There are two advantages to keeping males in amall
quarters either tethaysd in falconer's fashion or held in
box cagea. Firstly feeding is more easily controlled and
thus one can reduce the per cent collections contaminated
with uratea. In this reqgard the Al Qalpn held in box cages
had lower percentages than either paired or colonial malen,
Secondly, thq atrear and trauma amsociated with catching
males in large pens inm conliﬁcrably reduced by keaping males

in quarters whero thay can be readily and easily caught,

Although Rowan (1928) in hias aarly work on juncos suqﬁantqd

-that exercise promotes gonadal dovelopment in birdas, Bisson-

nette (1931) observed no such effect in hia atarlinga with
additional ax?rcina. In this atudy, reatricted space, hence
poasible lack of exercise of the Al males had no negative
influence on their semen production,
6.3.2.8. Nutritional Effoct}E

Since somen collected in 1974 wan raroly\examinad
microsacopically, it is virt&ally impoasible to comparec sem
quality between 1974 and 1?75 when the food of the Al male;sh
was supplemented by\sdditionl of calcium and phosphorus in
the form of bone meal. Although the per cent successful
mallagLs was higher in 1974, the fertility was considerably
lower in i974. GanQer: when fed a high calcium diet gave-
incrcaaed‘aperm concengration and viability (Molnar et al,
1971; Kovacs, 1972), and when fed a high phosphorus diet,
gave increased sperm concentration and ejaculate volume

{Kovacs, 1972). From these results, it is possible that
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\tho increancd dietary calcium and phosphorus of AI kestrel

() males may have been responsible for the qrqntfy increased
fertility., Further raaﬂath is required however, before
an9 solid coﬁclqlionu<cnn be drawn.
6.3.2.9. Kffacts of Frequency of Collection

The fow observationa on the offects of frequency of
collection &id indicate that both dally and twice daily

collectiona raduced the memen volume, concentration of

sphermatozoa, and aperm numbo'a per ejaculate volume, This

A N~ AT .,
-

finding is in complete agraement with those reported for

fowl (Panquite ot al, 1930; Sampson and Warren, 1939), for

. turkeys (lLorenz ot al, 1956; McCartney at al, 1958; Nestor
and Brown, 1971), but only partially for hawks (fomple in )
Grier et al, 1972) as daily collectiona in qoshawks did not

C‘ . _appear detrimental to semen quqlity (Corten, -1973). Thoe

decrease in aporm numbers in twice daily collections also
lends support to Owen's (1941) feerlinas that reqular collect-
ions more than once a day causesa male pigeons to become

aspermic. To obtain qood semen guality in kestrels minimum

v e —

and maximum intervals between collectiona appear to be

respectively two days and roughly %no week., The aame re-

commendations exist for chickens (Smyth, 1968) and turkeys

(Lorenz et al, 1956).
- 6.3.3. Relationship of Semen Characteristics with Fertility

gnd Hatchability

‘ ‘ . The absence of any relationship betweer hotility and
fertility agrees with the findings‘of/McCartney (1956), Gro.so{//”-

1957 in McDaniel and Craig (1962) and Boone and Huston (1963).
J 4
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However, as most semen suﬁplau used for Al in kesgrels hnve.
a high motility score, it is posaible that -the little vari=
ablility kn thir factor may guvo maskod a true correlation,
In fowl a pq:itivo'corralation has been ahoyn by many
researchera (Shaffnar and Andrews, 1948; Allen and Champion,
1955, 000§or and Rowell, 1958; McDaniel and Cralqg, 1959,
1962, Kamnr; 1960; Smyth, 19£8; Kammerer et al, 1972; Mymrin
ot al, 1972; Kamar an k, 1973).. 1 think that motility

ig a valuable indicato \RZ semen quality.

The roaultg pertafning to duration of motility under

5

ngnrago conditions®compare with that reported for eagles
(Gfier, 1973), goshawks (Corten, 1973) and fowl (Garren and
SHaffnor, 1952:.ndnsaker‘g£ al, 1952), Sperm motility up

to 12 hours was better maintained at 4 to 10°C and the longest
duration was alap obscrved here. At room temperature, the.
duration of motility in samples mixodnwith Wilcox phosphaté
buffer waa'only aslightly aflorter and compared well with
similar samples held at r;friqeratod temperatures. The main
di-advant§qo of holding samples at room temperature was
bacterial gqrowth which was naever seen in refrigerated samplos.
The overall results seem to indicate ‘that motility of kabtrgl
spernm is beat maintained for at least up to 12 hours when
mixed with ann equal amount of Wilcox phosphate buffer and

kept in the cold. .
Semen volume was not significantly related to fertility.

. |
In/fowl, only two reports of such a corfelation exist (Kamar,

1960; Kamar and Razik; 1973), while thd majority of research-

ars (Shaffner and Andrews, 194@; McCartney, 1956; Boone and

~
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Huston, 1963; Smyth, 19&9: Hnrtqqnn and Gleichauf, 1974)
found no ovidence of tﬁil relationship, ‘/
Similarily, the abaence of a aignificant ralationlgip
betwo;n concentration ok apormatoroa and fertility is con-
gruent with the findings of Shaffner and Andrews (1948),
McCartney {195%6) and Boone and Huston (1963) in fowl, al-

though several other . fowl researchers, some more roecent,

"believe it to exist (Cooper and Rowell, 1958; Xamar, 1960;

Mymrin et al, 1972; Kamar and Razik, 19737 Hartmann and
Gleichauf, 1974),

The colourl of keatrel semen varies from cléar to deop
amber. Thy amber colour was examin&d microacopically and
was not found to result from contamination by blood. This
colour has not beon observed previocusly either in hawk semen
(Grier ot al, 1972; CYrton, 1873) or in semen of larqge
falcons (Fyfe, Enderson, personal communications). Although
semen colour was not siqnificaStly correlated with any other
aemen characteristics or fertility or hatchability, it diﬁ
appear that the more ambor the samples were, the more hiq%ly
contaminated they were with epithelial debris. Decreased
motility of the spermatozoa was observed in deep ambo{
samples. Viacous, opaque samples usually were heavily
contaminated with ura;os. Therefore, one might evaluate
semen quality by its colour which supports the claim by
Brown and Graham (1971) in turkeys.

The only characteristic, sperm count per ejaculate,
to be significantly and positively correlated with fortility

was not found to have such a relationship in fowl (Sampson

b

oAy
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and Warren, 1939; Hartmann and Gleichauf, 1974),

The contami;;nts deacribed in qoahaﬁk semen by é&rten
(1973) ono only occasionally observed .in kestrel semen, -
Moat debris conaimted of opithelial colls, Since insemina-
tions were performed almost immediately Sftor collectipns,
fecal contaminnti?ﬁ likely didinat affect fortility ar  *
reported for fowl by Smyth (1968).

Noticeable numbers of abnormal aporma}ozon ware
pro:;nt only in samplea collected oarlynin tha season, Normal

spermatozoan heads during locomotion had a somewhat elongated

jelly-bean shape (Fig. 13). One head measured roughly four

" microns long and two microns wide and the tail length was

approxima[ely 15 to 20 microns, The overall description dif-
fers in both appearance and size with that for spermatozoan

heads ot large falcona (Corten, 1973, 1974). Locomotion con-

l/ ) ;
- aistodd of)’_countoxclockwiao turning of the entire body. They

were capable of moving at a mean spoeed of 2.6 mm/nin., rahg-
ing from 2;1 to 3. Major abnormalities obsarved were K
elongated héads; blunted heads, tiny heads which may belong
to immature sperm, and ;xtremo clumpinq of sperm around
debris. All of these have been reparted in poultry ﬂSampson
and Warren, 1939; Rajpai, 1963). Furgher research in the
area of raptor sperm morpholoqy -should bo encpuraqod as
several researchers have been able to differentiate betwgén
varieties of fowl by variations in the sparmatozoan heads

(Rashiwabara, 1964; Sharma and Sidha, 1971; Sinha, 1971).

This may prove a valuabfo taxonomic tool.
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Figure 13.

-/

Microscopic (700X, phase contrast, green
filter) view of spermatozoa collected
from an AI ‘male kestrel., Hote the some-
what elongated jelly-bean shape of the
head .and the dense epithelial debris
surrounding the sperm.
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None of the correlations described in fowl between -

-y i ‘
ﬁgmon volume and motility (McDaniel and Craig, 1959; Mymrin
\

t al, 1972), or memen volume and concentration of apermatozoa

——— r——

(Carson et al, 1955b) were recorded in this study of the

S

American Kestrel. The positive relationship between motility
!

and concentration of spermatozoa reported here is however,

in agqreement with the findings of McDaniel and Craiq (1962)

and Mymrin et al (1972), but is not consistent with the

negative relationahip reported by Nishiyama et al (1971).

Koth correlations between sperm numbhers per ejaculate vol-

ume and cither motility or concentration have not. been record-

od boefore in any avian speciles.

Tpo significant negative relationship betwsen per cent
successful massaaqes and ﬁomvn volume seems to indicate that
the groeater the numbg} of successful massages/imade on the
male, the amaller will be the mean volume of semen of that
particular male. The inclusion of the few collections mado
daily and twice daily into thig analysis and the reduction
of the semen volume produced as the 8eason pProgresses may
have affected this relationship.

In turkeys, Kamar (i§60) and Xamar and Razik (1973)
have defined sigqnificant positive relationships between
hatchability and either motility or _ concentration of sperm-
atozoa, but not ;emen volume. This study revealed no cor-
rolytions between hatchability and each of the six semgn
characteristics.

Parker's work on turkey semen production in 1946

suggests a neqative relationship between semen volume and

i
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sparm concentration. Turkays produce less tgnn half the

semen volume produced”by chickons,~but uahally hav& twice

the concentration of spermatozoa, w@ich rouqghly equalizes

tga number of saperm per ejaculate. The resulta obtained

on the kestrel appear to contradict thia sugqestio;. Further-
more, a reolation between size of a species and ita mean
concentration of apormatozoa does not seom likely, as the

tiny quail produces far more sperm per ojaculate than the
equally amall kestrel. Likewise, the ddra{ion of fertility

of the kestrel i8 highly comparable to that of the much larger
ducks and goese, With the vxc;ptian of the 5041 of semen
produced by goshawks, it appears that Golden Faales and Red-
tailed Hawks are capable of producing 10 times as much semen

as kestrels in a’sinale ejaculation (Grier et al, 1972).

6.4. Denefits of Artif#cial Insemination

The followinag are listed as present and future bene-
fits of the technique of artificial insemination as adabtod
to birds of prey:

1) A well-proven technique of artificial in;omination will
allow raptor breeders to make better use of birds not
willing to mate naturally. )

2) The technique of semen collection and insemination should
allow £esearchers to gain further insiqght into the repro-
ductive physiology of birds of prey, which is qreatly
lacking at present. N

3) The collection and examination of raptor semen without
sacpificing birds may become a useful and important para-
meter in measuring effects of chemical contaminants in

.
! -
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in the environment on }oprQQﬂct1Vt functions of raptors.

4) . Tho use of artificial insemination may further pave the:.‘-

! 5)

way for genetically=-controlled breading axperiﬁontation,
i.e. to determine effects of inbreeding or to produce
'super-hawks' morc suitably adapted for a conatantly and

rapidly changing environment. \

The micrdscopic examination of morphological foaturys of
iﬁermatozoa cdllected by an ine*ggnsiva, harmless means
may p}ove to be a valuable taxonomic tool in differentiat-

ing species and subspecies of raptorial birds,

»
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7. SUMMARY AND CONCLUSIONS
Methods for semen collection E%d intravaqginal
innominatﬁon for small falcona have bean described in
datnili Data was collected on both techniques to fully
detormine their value. The periLd of semen production

in American Kestrels was dotermined and the factors'af-

fecting semen production were examined. Alsc studied

was the duration of fertility in female kestrels. Several

somen characteristics were evaluated and related to fer-

tility, hatchability and to each other.
The following conclusions appear warranted from

the above studies:

(1) In proportion, more single AI females laid eqgs when
exposed to other social mates, i.e. mated pairs, single
females than when isolated.

(2) In NM pairs, the hatchability of eqqgs laid in isolated
pens was considerably hiaher than that of those laid
in exposed pens, under both artificial and natural
incubation. .

(3) There were no significant differences between mating
types, i.e, Al Qs. NM, with respect to per cent laying

/
females producing fertile egqgs.

-

(4) The overall fertilities from either mating type were

extremely close (Al =« 57% NM . 612), while the fertility
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(5) .

(6)

&2

(8)

(9)

(10)

(11)

(12)

) 9 ‘

from AI waz almost 15 per cent hioh#r than the fertility

of the NM pairs. A .

No sigqnificant differences wore present bgtwe@n the
hntchabilitiosﬁpf eqqR produced by either mating tygp
under artificial and natural incuba{ion.

The onaet*oquertilitywwal about one day Jnd the mean '
durafion of fertility was determined to be §.1 days,

0

pointing at an insemination program of about twice
wookly. L

The massaqge technique was succeasful in obtaining
measurable volumes of semen 74.2 per cent of the time.
Collecting the semen prior to feeding significantly
reduced the per cent collections with ura§os.

The mean volume of semen per collection was 14 ul; the
mean sperm concentration, 32,400 sperms/mm; the mean
spe%m count per cojaculate, 477,500; the mean motility!
gcore, 3.9;, the mean per cent contamination, 68; and |
the mean semen appearance score, 2.5, .
The age of males was sigqnificantly and positively -
correlated with both semen volume and sperm count per
ejaculate,

The body weight df the males was siqnificantly and
positively correlated with both sperm concentratdoh
and sperm count per ejaculate,

In 1975 the duration of semen production was 103 days,
beginning on March 19. The mean duration of semen
production in 1975 among 17 males was 53.6 days and

was slightly higher for older males.

-
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Semen pfoduction of the Al males appeared to be élosely
syhchrbnizod with eqq-laying of both captive and wild
kestrels in the Montreal area.

Semen production began in male American kestrels when
the daily natural phoéopvriod reached 12 hours and 45

minutes, ﬁpak production was obscrved between 13 and

14 hours of daiiy light. Production docfinod con=

iy . :

(15)

>

siderably aroﬂnd the longest day of the year, June 21,

with approximately 15 hours and 45 minutes of daily

light.

No significant correlations were detected RetWoen any

1
semen characteristics, as well as per cent successful

.

massages and weather factors, i.e. temperature, baro-
“ 1

Sbtric pressure, per cent possible sunshine.

© (16) -Males kept in small quarters isolated from females

(17)

(18)

(19)

v
surpassced both paired males and males kept colonially

in a large penn with females in semen production and
semen gquality during the period May 27 to Ju%y 10.
Restricteg movement had no negative effects on semen
production and quality.

Daily and twice daily collections proved detrimental

. to semen volume, sperm concqntration and sperm count

»

p&r ejaculate. |
Fertility was significantly and positively correlated
with sperm count pef ejaculate.

No semen characteristic was significantly related to

hatchability.

w
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(20) Among semen chatacteristics, siqnificaﬁt positive cor-

relations existed between sperm count per cdpaculate

—

and sperm concentration; motility and sperm concentra-
tion; and motility and sperm count per ejaculate. Per
cent successful massages and semen volume were signifi-
c;ntly and neogatively related. /

(gl) It was posqiblo to maintain reasonably qood motility
for up to 12 hours when ROQtrel %omon was mixed in
cqual parts with Wilcox phosphdtn buffer and stored

refrigerated.

(22) Sperm heads were of an elonqgated jelly-bean shapei

roughly four micronsklonq and two microns wide;‘tail
length was 15 to 20 microns; locomotion at a mean
J speed of 2.6 mm per min consisted of a counterclockwise
| (\ " turning ef the entire sperm body. Major abnormalities .
were elongated, heads, blunted heads, tiny heads (im-
mature?) and extréme clumping of sperm around débfis.
(23) In comparison with six other avian species previously
studied, the American Kesﬁfel, lightest in body weight,
ranked lowest in sperm concentration and sperm count

per ejaculate, but exceeded the quail of similar but

slightly heavier size in ?oth semen volume and duration

of fertility.
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TABLE 1

Analysis of Variance of Egg-laying Under
- Isolated and Exposed Conditions?®

o~

Sourcé daf Ss . MS F
Year 1 826.62 826.62 2.28
Treatment )

Combination 3 1742.43 580.81 1.60
Pen Design . 1 99.41 99.41 0.27
Mating 1 589.62 589.6F 1.63
Pen Design -

X Mating 1 1053.41 1053.41 2291
Error 3 1087.83" 362.61

C.V. = 28.6%

a ® data transformed by arc-sine transformation

* Significant at 0.05 level
** Significant at 0.01 level
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TABLE 2 »

Analysis of Variance of, the ger Cent Al and NM
Female Kestrels Laying Fertile Ecgs?®

Source -df 4 .Ms F
5 . /

Year . 1 - 46.56 46.56 0.44

Treatment e J

Combination 3 1357.93 452.64 4024

Clutch 1 355.64 385.64 3.33
" Mating it 288.24 " 288.24 2.70

Clutch X '

Mating " 1 714.04 714.04 6€.69

. |
Error 3 7320.22 106.74

, C.V. = 15.2¢

p \

a = data transformed by arc-sine transformation

* Significant at 0.05 level -
**  Significant at 0.0l level
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‘ ~ TABLE 3

Analysis of Variance of Fertilltg Between
AI and NM Female Kestrels

2

Source df SS MS

F
s ) Per Cent Fertile From AI
( Year 1 11.63 11.63 0.05
Mating 1 45f43 . 45.43 0:18
Error . 1 ; 260.18 ° 260.18
C.V. = 29.7%
Per Cent Fertile
. Year 1 o 1.2:2 1.22 .. 00
Mating 1 .01 .01 .00
Error 1 339.85 339.85

C.V. = 35.8%

s ' J

a = data transformed by arc-sine transformation
* Significant at 0.05 level &
** Sagnificant at 0.01 level

{




TABLL 4
L4
Analysis of Variance of Hatchability of Fertile
Eggs of AI and NM Female Kestrels?

Source af ss MS F
Year 1 680.11 680.11 9.36
Treatment 2 233.31 116.66 1.61
Error 2 145.40 72.70
C.V. = 14.2% b
a = data transformed by arc-sine transformation

*
"R

Significant at 0.05 level
Significant at 0.01 level i
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Correlations

————

TABLE 5

for Duration of Fertility and Semen Characteristics

Spearman Corr. Coeff. / Preob » IRy Under HO:P==O / No. Obs.
- Semen Sperm + Eperm Semen Per Cent
Volume Concentration Count Per Appearance Contamrination
Ejaculate

Per Cent -0.595238 ~0.443122 -0.642857 -0.102d69 0.378394
Sy 0.1178 0.2713 0.0839 0.8025 0.5944
Fertilijty g . 8 8 3 7
Per Cent -0.392823 0.030874 0,012276 -0.530371 —0.25489q
Hatchability 0.3371 - 0.9404 0.9756 0.1747‘ 0.5848
8 8. 8 8 7
Duration of 0.0000060 0.610789 0.238095 -0.205738 0.198206
g 1.0000 0.1060 0.5745 0.6282 0.6710

Fertility
8 ‘8 g 8 7

. .
-y

7 LT
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TABLE G6A
{/
Correlations with Age, 'Weightj/and Semen Characteristics
. 1 ;
Corr. Coeff. / Prob> IR! Under Hg: p=0 / No. Obs. .
Sperm count Concentration Semen Per Cent Body
per of Spermatozoa Volume Successful Weight
Ejaculate Massages
0.488766* 0.265415 0.566159* -0.301984 0.836980%*
Age 0.0376 . 0.2871 0.0137 0.2215 0.0001
18 18 18 18 18
Body 0.622528** 0.490515* 0.372590 -0.048666 .
Weight 0.0059 0.0368 + 0.1247 0.8419
18 18 18 18
’/
* Significant at 0.05 level
T ** gignificant at 0.01 level
—
*
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TABLE 6B
Correlations with Age, Weight and Semen Characteristics ,
Spearman Corr. Coeff. / Prob» 1R Under }io: e=0 / No. Obs.
. o »
Sperm ) Semen Petr Cent
Motility Appearance g Contamination
L.
0.266737 . -0.149296 -0.150799
Age 0.2846 - 0.5606 035695
18 : 18 . 17
L p Body 0.327818 + 0.077519 -0.040516
Weight 0.1816 0.7573 0.8717
18 18 17
, _ .* Significant at 0.05 level
** gignificant at 0.01 level N
.- S
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TABLE 7
Correlations wi‘th. Weather Factors and Semen Characteristics )
]
S~ —
Corr. Coeff. / Prob> IRl Under Hp: p=0 /- No. Obs. )
Semen Sperm Sperm Sperm Per Cent
Volume Concentration Count Per Motility Successful
) Ejaculate - Massages
. -0.183412 0.044905 0.121407 ~0.125315 0.098222
Temperature °* 0.6271 0.8329 0.5697 0.5572 0.6115
26 &3 25 25 30
Barometric. ~0.126168 0.142956 -0.054763 -0.093985 0.042860
Pressure T 0.5457 0.5218 0.7905 0.6590 0.8167
26 23 25 25 30
o
Per Cent ~0.070828 0.197727 . 0.116950 -0.017559 0.229267
Possible Daily e 0.7305 0.6313 0.5840 0.9313 0.2209
' 'Sunshine 26 23 25 . 25 30
* gignificant at 0.05 level —_
** gignificant at 0.01 level
r
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TABLE 8 . ]
4 R !
Correlations with Fertility, Hatchability and Semen Characteristics

Spearman Corr. Coeff. / Prob > I R Under Ho’E’=0 / No. Obs. . -

Semen e Sperm Sperm Sperm Semen - Per Cent
Volume Concentration Count Per Motility Appearance Contamination
Ejaculate -
Per Cent 0.532566 0.474043 0.650913 0.181185 0.188185 0.262417
Fertility 0.0587 0.0990 0.0154 * 0.5593 0.5900 0.6101
13 13 13 13 13 13
P Cent -0.422156 -0.160409 -0.484024 -0.318152 . -0.220562 0.109370
Hotchonilit 0.1693 0.6229 0.1082 0.3144 0.5033. 0.7337
Y 12 12 12 12 12 12 _
* gignificant at 0.05 level ’ H.‘h..
_ ** gignificant at 0.01 level ‘y . —~
- ’ \
. ' - €
o \ -



TABLE 9A

Correlations Among Semen Characteristics

-

Corr. Coeff. / Prob > IRl Under HO:E>=0 / No. Obs.

4
Sperm Concentration Semen
Count Per Of-Spermatozoa . Volume
Ejaculate . ) T
Per Cent . ~0.081700 0.125172 -0.510642*
" Successful ~—~ 0.7455 0.6257 0.0288
Massages : 18 ., 18 ’ 18
: 0.288277 © 20.015776
‘e semen 0.2448 09491 (
‘ Volume 18 18
- * -~
0.649364**
v . Concentration -’ ~ 0.0038 ] -
’ of Spermatozoa . 18 .
. R T ) .
* sgignificant at 0.05 level

A ; ** gignificant at 0.0l level -




' TABLE 9B

Fl —_—

y Correlations Among Semen Characteristics

A Spearman Corr. Coeff. ,/ Prob > IR! Under Ho: p=0 / WNo. Obs.

=,

Per Cent ‘ Semen . Sperm
Contamination, Appéarance ’ Motility
" Per Cent - N -0.059041  0.314156 -0.024896
Successful 0.8163 : 0.2020 0.9187
Massages v 17 18 ° 18
- -0.377451 -0.457172 ° 0.216830
Semen Volume 0.1322 ! 0.0539 0.6088
17 18- 18
“x " Concentration 0.106683 0.097057 0.587293* »
of Spermatozoa 0.6858 0.7028 ) 0.01Q1
—— “17 18 18
4.1 . ’ - .
* gignificant at 0.05 level
_ ** significant at 0.01 level : =
4 ' - ' Y
R e N
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TABLE 9C
Correlations Among Semen Characteristics
Spearmém Corr. Coeff. / Prob > IR Under Hy: p =0 / No. Obs.
Per Cent Semen ‘Sperm
Contamination Appearance 5\ Motility
-0.188725 ~-0.098039 0.677336**
gg:g’glg‘;:"t Per 0.5257 | 0.7001 0.0023
17 18 18
-0.391171 — -0.403717
Sperm
Motility ’ 0-11;"}’ 0.09;2
Senien Ogsggfg ’
Appearance ) 17
* gignificant at 0.05 level
** gignificant at 0.01 level - * -~
o ~
» -




