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G. C. VAN DRIMMEL

y Guyer, 1909). These bodies were found to be divided up and scattered throush-
out the nucleoplasm as the cell became older. Ageing also resulted in a loss
affinity for stains, a lengthening and broadening of the head and a sinuous sh
in place of the clear-cut arc-shape of fresh sperm. Abnormal fowl sperm wa»
described and estimated by Parker e.a. (1942); the range was 3-5 per cent fo
39 per cent. abnormals of eleven different types and with tail abnormalities
most common. A percentage of abnormalities higher than 15 per cent. affectea
fertility, the negative correlation between percentage of abnormal sperms and
percentage of fertility being highly significant. Sampson and Warren (1939)
mentioned this too.

(b) The cells may be measured by means of a micro-projector but no records
of such measurements for the fowl are available.

(c) Staining reactions indicating the quality of spermatozoa have been
reported by Adamstone and Card (1934).

(d) Abnormal contents of the semen of the fowl have not been described (e.g.
leucocytes, bacteria, etc), but Fish (1924) reported on the non-sperm constituents
in the semen.

4) Chemical examination of the semen.

Glycolysis (the formation of acid from the metabolism of sugars) and
respiration (oxygen consumption or CO. formation) have not been extensivel
studied in the fowl. The processes are apparently not expected to vary marke¢
from similar changes in other semen in which measurements have been recorded
with: —

(a) the reduction of methylene blue (Sgrensen, 1941).
(b) metabolism rate and

(c) respiration rate (Winburg, 1939).

(5) The maintenance of potential fertilizing capacity.

These tests are the real proof of, and the only means of control for the resi s
of the tests mentioned, as far as the value of a given sample of semen is concerned.
The duration of the period of successful storage of fertile semen is of prime
importance in artificial insemination and in the fowl the maintenance of fertili
power in vivo in the hen’s organs is particularly important in view of the reg
almost daily ovulation (Parker e.q. 1942; van Drimmelen, 1945 b, 1946 a.).
Fertility can be maintained under various conditions:—

(a) In vitro:—

(1) at different temperatures: (Quinlan e.a. 1941; Walton, 1938;
Weber, 1936: Milovanov, 1940). The good motility of fowl sperm
maintained when stored in vitro is apparently not associated with
their fertilizing capacity as Burrows and Quinn (1919) found, that
when semen was stored at 4-4° C. or lower the fertilizing ability
was lost in two hours or less. More data on the effect of tempera-
ture have been mentioned [see B(4) (d). temperature of storag

(ii) in different diluents: (Walton, 1936, 1938; Razumev, 193%-
Milovanov, 1940; Quinlan e.a. 1941. Sorensen 1941.) F
semen was kept with little success in artificial media: the best
results being with thin egg-white (Griffini, 1938).

(iii) at various pH. levels: (Quinlan e.a. 1941); not recorded in
fowl.
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B. Artificial Interference.

(1) The Route of entry.—Artificial insemination has the aim of placing the
male cells in the female organs in a locality which will: —

(i) enhance the chances of reaching the ovum in time;

(i) decrease the minimum number of spermatozoa required for optimum
fertility.

The route of entry has always been sought on the principle expressed by

ton (1933); “following as closely as poss.ble the conditions in nature, keeping

in mind, that these are not necessarily the most favourable conditions; and that

in rovements even on the natural processes are desirable. The ways of nature

alc, however, preferable to methods which introduce unnecessary deviations with

sible unknown influences.” Thus in the cow and ewe, by the use of special

sttes, the semen was deposited in the cervix during artificial insemination

:uman, 1935, cit. Hammond, 1940; Quinlan, 1941). On-account of the fragility

of the glass instruments used for insemination, hard rubber pipettes (Kusnetsowa.

1932) and vulcanite or plastic pipettes have been used (Walton,1936, 1938). Metal
inseminators are sometimes employed (Green, Winters and Comstock, 1943).

In fowls Quinn and Burrows (1936) and Burrows and Quinn (1939) recom-
nded an all-glass insulin syringe for insemination into the artificially exposed
vagina of the hen. Others have found blunt glass pipettes very suitable (Bonnier
and Trullson, 1939; Black and Scorgie, 1941; Gracewski and Scott, 1943). Munro
(1938) was able to discharge the semen inside the uterus, as the hen has no cervix
nteri to hinder such entry (Mimura, 1939). Jull and Quinn (1931) obtained a 20
2r cent. fertility from insemination simply into the cloaca.

After natural copulation Nicolaides (1934) reported 15 per cent. of infertile
cases and Parker, McKenzie and Kempster (1940) found 13 per cent. Following
artificial insemination a number of infertile cases were also noted e.g. by Bonnier
and Trullson (1939); Quinn and Burrows, (1939); Burrows and Marsden, (1938)
and Bonadonna (1939). However, by means of artificial insemination, fertility in
10 turkey hens was increased from 7-5 per cent. to 88-4 per cent., on the previous
results with natural mating (Burrows and Marsden, 1938) and similarly Lamoreux
(1940) reported 60-9 per cent. fertility in eleven artificially inseminated fowl hens
which with natural mating had only a 2-5 per cent. fertility.

In all the work on artificial insemination available, the route of entry for the
dnse of semen given was consistently confined to the female external genital
« dce and the adjoining portions of the tract viz.; vagina, cervix, uterus.

(2) The time of entry.—Artifiical insemination has eliminated the necessity
of bringing the male and the female together and waiting for coitus to take place:
but in order to be successful it is bound by the natural limits of the time that
fertilizable ova are available in the female. Attempts were made at the artificial
induction of ovulation by hormone treatment (Quinlan and van der Wath, 1943).

. a rule, however, artificial insemination has been carried out during the
~1ertile period ” or at the time of optimum fertility which has been worked out
for domestic and laboratory animals in relation to the onset and end of heat
(oestrus) (Quinlan e.q. 1936; Kusnetsowa, 1932; Beshlebnov, 1938; Hammond,
1940; Quinlan e.a. 1941).

In the fowl Moore and Byerly (1942) found that artificial insemination was
llowed by a better fertility if carried out during the time when the oviduct
contained an ovum being formed into an egg. Following insemination with no egg
L the oviduct 51 per cent. of cases were fertile, whereas with the egg in the uterus
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only 39 per cent. of cases were fertile. Malmstrom (1943), Warren and Gish (

and Gracewski and Scott (1943) when submitting results in support of this fi
showed that for general purposes, 2.00 p.m. to 3.00 p.m. was the best time ¢

day for inseminating fowls in view of the relation between oviposition =nd
daylight, i.e. most eggs are laid in the forenoon (Atwood, 1929). Owen (1 )
found that the best time for successful fertile insemination of pigeons was from one
to eight days before the laying of a clutch.

THIRD STAGE.—VIABILITY AND MIGRATION OF SPERMATOZOA AND OVA IN TI
Boby oF THE FEMALE.

A. The Spermatozoa.

In review of the data on sperm physiology, Phillips (1935) stated
spermatozoa may traverse the genital tract between the site of deposition ana e
site of impregnation, by the following agencies: ——

(i) The force of the ejaculation.
(ii) The piston-like action of the penis.
(iii) Suction of the uterus.
(iv) Capillary attraction of the cervical canal.
(v) Ciliary action.
(vi) Muscular movement.
(vii) Pressure of the Viscera.
(viii) Motility.

Parker (1931) supplied evidence in a list of recorded times for sperr ozoa

to reach the upper end of the tubes after coitus e.g.—
Rabbit: 2-75 hours (Henson, 1876; Walton e.a. 1928).
Rat: 2 minutes (Hartmann and Ball, 1930).
Guinea-pig: 15 minutes (Leukaert, 1853).
Dog: 18 minutes.

Sheep: 5-6 hours (Quinlan e.q. 1932) 20 minutes (Scott and  hill 3,
1941).

Pig: 5 hours.

[Starke (1945) has since demonstrated spermatozoa in the tubes of = ewe
six (6) minutes after coitus].

Hammond (1940) maintained that sperm at the upper end of the tub~c did not

all arrive simultaneously and that they degenerated soon after arrival.  1ere
as they reached this locality over a period after successful coitus, a supply of sp
was always present to fertilize any ova available during a specific period :
each coitus. The length of this period has been determined for some animals e.g.—

Rat: 17 hours.

Rabbit: 24-30 hours (Hammond and Asdell, 1926).

Guinea-pig: 41 hours and

Sheep: 48 hours (Quinlan e.a., 1932); 24 hours (Green and  nters, 1935)
and 281 hours (Anderson, 1941 c.).
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Kilpatrick (1929) viz. that tailless spermheads could impregnate ova, wa
acceptable theory. Hammond (1940) discounted the views of Ivanov (1924
Vermeulen (1929) on the grounds that embryonal development of all eggs
laid was at the same stage and they must therefore have been fertilized at an
period before laying. It is significant that Warren and Kilpatrick (1929) forna

a

no difference in morphology or in relative abundance of sperm heads betweer =
1 per end of the oviduct and the region near the vent, even on the 18th day r
separation.

Parker (1931) mentioned that active spermatozoa had been found in lare~
numbers around the ovaries of birds and reptiles and Dulzetto (1937) describx
storage of sperm in cup-shaped depressions in the follicles of Gambusia holbrooki
which findings bring to mind the spermatotheca that exist in many inverte

Most writers refer to the life duration of spermatozoa in the body of the hen,
in terms of the period during which fertile eggs were laid after separation . 1e
cocks and the hens. Nalbandov and Card (1945) mentioned the ““ well estabusned
fact ”, that avian sperm unlike mammalian sperm, are capable of surviving over
a long period of time in the reproductive tract of the female. The enviror 2nt
in the hen’s oviduct appeared to them as congenial for the spermatozoa as that
in the vasa deferentia of the capon. There sperms had been shown to survive
for as long a period following castration., as they do in the oviduct of thi X
separated after mating. According to Crew (1926) the indications were that s: 5
could survive as long as 23 days in the body of the hen, but even he obtai L
fertile egg 32 days after separation.

Fertile eggs were collected from fowl hens up to the following limits : er

last copulation.

5th week: Barfurth (1896).

12th day: Waite (1911).

20th day: Waite (1911).

16th day: Payne (1914).

18th day: Chappellier (1914).

14th day: Ralf (1916).

15th day: Moore (1916).

19th day: Elford (1916).

15th day: Phillips (1918).

17th day: Laurie (1919).

12th day: Kauff (1919).

19th day: Fronda (1926).

32nd day: Crew (1926).

21st day: Curtis and Lambert (1929).

19th day: Chlebaroff (1930).

29th day: Nicolaides (1934).

25th day: Parker, McKenzie and Kempster (1942).

34th day: Nalbandov and Card (1943).

18th day: Raimo (1943).

The number of fertile eggs obtained, varied from six (Cha; zllier, 1914) and
eleven (Curtis and Lambert, 1929) to fourteen (Nicolaides, 1v34) and elew
(Raimo, 1943).
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tract. It is followed by greater and greater numbers until a peak in numbers
available at the site is reached, not by accumulation, as the earlier arrivals
apparently lose their fertilizing powers fairly soon (Quinlan et al., 1932), but
by greater numbers of cells atiaining the locality simultancously. After the peak
moment the numbers wane for a time till the last fertile cell has lost its
functional ability again at a more or less determined moment in relation to
the time of insemination.

Thus in the rabbit which ovulates 10 hours after coitus, sperm naturally
reach the ovary seven hours before, and remain available until about 23 hours
after ovulation. But if insemination is artificially caused to take place less
than 2 hours before ovulation or more than 28 hours before, then small

tters of young are obtained. Thus the female c¢ only be successfully
mseminated before the end of the period of fertilizable survival of the ovum, less
the shortest time of migration of sperms over the length of the tract, and prior
to this moment fi the period sperms retain their fertilizing power, (Hammor
and Asdell, 1926; Hammond, 1934; Hammond and Walton, 1934).

On this basis, in respect of fertility alone, in the fowl, an ovum may be
impregnated from an insemination 32 to 35 days before ovulation (Crew. 1926;
Nalbandov and Card. 1943) right up to 26 minutes before the ovulation
(Mimura, 1939).

Dunn (1927) obtained a fertile egg from a hen 21 hours after a single mating;
Martin and Anderson (1918) 29 hours, Curtis and Lambert (1929} 24 hours
and Nicolaides (1934) 19-5 hours after.

Warren and Kilpatrick (1929) found sperms of a new male to supersede
those of a previous male with continuous natural mating, on the third day after
exchange. They suggested that the differencc between their results and those
of Dunn (1927) may have been due to the fact that the latter was working with
virgin females whereas their hens were already fertilized. Considering it possible
that impregnation might take place at a later stage in the egg’s passage through
the ovidnct, Warren and Kilpatrick thought the position of older sperms at ths
top of e duct more favourable than that of sperms still passing up the duct.
If the only sperm in the oviduct were those part of the way up, then the period
between coitus and laying of a fertile egg would be reduced to a minimum.

Nicolaides (1934) who obtained a fertile egg 19-5 hours after mating birds
singly in a cage, suggested that fertilization could comprise two distinct processes : —

(1) Penetration of the wall of the ovum by the sperm.
(2) Fusion of the nuclei of male and female gametes.

This worker referred to evidence from Harper’s (1904) and Patterson’s
(1910) observations that the two processes do not occur in the same locality r
at the same time.

The activity of spermatozoa apparently play a role in detaching the ova
of the Rabbit from the follicular clot (Hammond, 1940; Pincus, 1930). The
rnle of hyaluronidase was discussed ir this connection by McClean and

owlands (1942) who mention that the action of this enzyme, viz.: liquefact:
or the gel suggests an explanation why such enormous numbers of sperms =+~
produced for fertilization. Large numbers may be required to produce
necessary concentration of hyaluronidase to liquefy the hyaluronic acid gel ana
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