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1. IXTRODUCTION.

Tuk increasing ncidence of infertility in domestic animals in South Africa
lhas shown the necessity for research in this field. Quinlan (1929) studied
the causes of infertility in cattle and came to the conclusion that genital
infection was the chief aetiological factor in female infertility. At the
same time he pointed out that there were nany cases une\pl‘uned by genital
examination. These were classed as functional infertility, either nutritional
or hormonal. Quinlan and co-workers (1931, 1932, 1933, 1936, 1941y felt
that their pathological investigations needed dmphﬁcatlon by « study of
the sex phx\]u]of’\ of the male and female domestic animals under the
environmental conditions prevailing in South Africa. There were many
cases of infertility which could not be explained by pathological lesions in
the genital tract.  Consequently, it was felt ithat a study of the semen of
amimals was needed.  Kighteen rams were put at the author’s disposal for
thisx investigation.

Thix opportunity was welcomed becanse during an extended period in
the field service the author undertook manyv investigations into the causes
of breeding failures of stock, and realised ihat such examinations were
unsatisfactory  without « thorough understanding of the different semen
characteristics and their relation to good, indifferent, and poor fertility.
The limitations of a elinteal examination alone of the male genitalin were
repeatedly demonstr ated in practice since pathological conditions in infertile
animals were frequently not revealed clinically. In fact, Quinlan, Mare,
and Roux (1932) showed that when ¢linically normal rams were mated to
clinically normal ewes, the breeding results differed considerably. The
percentages of ewes fertilized by thirteen such rams varied from 26:1 to
100. Nor could such desirable characteristics as keen mating desire and
vigour of service lhe regarded as evidence of sexual \oundness because
‘ro’mllv infertile animals hdve bheen noticed to exhibit normal libido.
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It has been shown by workers in other countries and also in South Africa,
that change in environment may produce a marked decrease in fertility of
rams. Consequently, this suggested a study of the semen of rams under
the seasonal environmental conditions prevailing at Onderstepoort, and e
experiment was planned so that observations on spermatogenic activity could
be made during the different seasons. The necessity for such observations
1s evident when it is realised that climatic conditions vary considerably in
different parts of South Africa.

Concurrently with this study the environmental temperature was studied.
The body temperature, respirations and pulse counts, as well as the skin,
scrotal and intratesticular temperatures were recorded. These latter observa-
tions will be the subject of a separate paper, which will be published at a
later date.

PART I
TI. MAaTERIALS AND METITODS.

Lighteen rams were available for this work. They comprised four
Merinos, five Ronderib Afrikaners, two Romney Marshes, two Dorset Horr-
one Blackhead Persian, one Xarakul, two Welsh Mountain-Ronder
Afrikaners, and one Southdown-Blackhead Persian. The Merinos were kept
in a paddock 75 feet by 45 feet, in which was a building that could be
entered and left as they chose. The remainder were in a paddock of
approximately the same size. This paddock was surrounded by poplar trees
which provided good shade in summer and very little protection in winter
when their leaves had dropped. The rams were invariably to be seen in the
shade during the hot weather,

The grain ration per ram per day was as follows:—

Protein.
% Ib. crushed vellow maize ... ... ... ... 0-08
+ 1b. crushed oats ... ... ... ... ... ... ... 004
+ 1b. crushed palm kemmal ... ... ... ... ... 0-10
0-22

In addition to the grain mixture they reccived lucerne hay, green feed
when available and veld hay. Water was available ad Iib.

Preliminary semen collections were made by means of the artificial
vagina, but the Ronderib Afrikaners were so mervous and unmanageable
that thev could not be induced to mount a ewe in the presence of a human
being. Klectrical stimulation was therefore resorted to for all the rams,
and proved very successful. Merino ewes were used for the breeding tests.
They were tested for oestrus by means of vasectomised teusers. The Ronderib
Afrikaners, except No. 62418, did not respond to careful and patient
handling and refused to serve. They were ejaculated electrically and their
semen arfificially inseminated into the ewes.

The rams were divided into four groups for convenience, two gr s
with four each and two with five. Semen was collected from each group
at fortnightly intervals. Graduated +test-tubes were found to bhe verv
convenient for the collections. The vermiform appendix and part of
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gluns being inserted into the opening of the tube betore ejaculation. The
semen volume could thus he read off direct. When sufficient experience had
been gained, it was possible to ejaculate four rams I approximately twenty-
four minutes.

The colour of the semen was noted and ecach sumple was examined for
nmotility without delav; usually within thirty minutes of c¢oHection.  The
sperin concentration  (number per cuble millimetre) was  ctermined by
making counts over a Biirker counting chamber.  Semen smears were
prepared and stained for morphological study of the spermatozoa, which
were ¢lassified according to the particular abnormal type.

Portions of ejaculates were stored at approximately 29 €. 1n order to
determine how long the spermatozoa would remain viable.  This part of
the experiment could nol be carried to conclusion, however, because of
repeated failure of the electrie current.

TII. COLLECTION OF SEMEN,

Semen can be collected from the female genitalia after natural copula-
tlon or by artificial means.  Some of the older niethods arve ohsolete and
have been replaced by Dbetter ones. Tambert and MeKenzie (1940) have
deseribed and discussed most of the methods that have been used in the past
as well as those that are now used for the different species of animals.

in the sheep three methods are possible, viz., recovery of semen from
the vagina ot the ewe after natural copulation, trom ejaculation into an
artifictal vagma, and by means of electrical stimulation.

With trained rams ejaculation into the arvtificial vagina  probably
approaches  the mnatural process very  closely, and the various semen
characteristics can bhe rvegarded as vepresentative of the semen of the
particular ram.  For reasous alrveady explained. this method could not be
used for all the rams, although it was used for preliminary colleetions from
the Merinos.  Semen recovered from the vagina is mixed with secretions
from that organ, with the result that sperm counts would have been difficult
to make and the results would have been extremely inaccurate. Moreover,
a different ewe would have had to be used for each ram.

It was therefore decided to produce seminal ecjaculation artificially by
electrical stimulation as devised by Gunn (1936). This method proved very
satisfactory, giving clean, uncontaminated semen suitable for all  the
examinations requirved. The source of {he eleetrical cwrrent was the 50 to
GO evele 250 voltage altermating current of Pretoria. The current was
rednced n voltage by a transformer and passed through a voltmeter and a
milliammefer before being applied {o the animal (Ifig. 1.).  The elecirode
for the rectal pole was w brass rod 9 iueches long and 9 millimetres in
diameter ai its tfree end. The vest of the rod was twned down to about
T millimetres and insulated with rubber tubing. .\ wooden handle #arrying
one lead was serewed into the hrass rod (g, 21).  For the anterior  ctrode,
Gunn used a stoul needle soldered {o the other insulated wire lead (151g. 2¢).
Such a needle was used in the beginning of this work and gave good results,
but it was soon replaced by an electrode consisting of a zine disc abont
P anch in diameter and covered with calico (Fig. 2wi.
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1. Restraint.

A low table, 55 by 27 by 22 inches, is convenient to work on. pon
this table the ram was placed on its left side and secured ‘= the extended
position as recommended by Gunn (1936), because the gener: body reaction
1s towards estension. Straps bolted to the table secure the ne , legs, thorax,
and hindquarters (Fig. 1). Injury to the lumbar region, espeuallv n
heavy rams, may be caused if the hindquarters are forcibly raised during
the process of lifting the ram onto the table.

2. Technigue.

The rams to be ejaculated were tethered in the shed. A saline enema,
approximately 150 c.c., was given through a funnel and rubber tubing.
The enema facilitated evacuation of the rectum and ensured better contact
of the rectal pole. A small area on the right side in the region of the third
and fourth lumbar vertebrae, and midwav between the spine and free border
of the lumbar transverse processes was clipped short, and cleaned if neces-
sary. Iforeign inatter adherent to the hair and wool around the opening
of the sheath was clipped away and the opening swabbed with moist cotton
wool. To protrude the penis, it was grasped well back with the left hand
and pushed forward at the same time as the sheath was pushed back with
the right hand. The protruding penis was secured by wrapping a strip of
broad tape round it behind the glans.

When the needle was used as the anterior pole it was inserte into the
longissimus dorsi muscle opposite the fourth lumbar vertebra.

In making the collection the vermiform process and part of the glaus
were 1ntroduced into the opening of the graduated test tube in order to ensure
collection of the whole ejaculate.

The rectal pole was now inserted carefullv into the rectum for about
erght inches. The anterior pole was pressed firmly over the longissimus
dorsi muscle at the site previously clipped opposite about the foulth lumbar
vertebra. The current was switched on and slowly adjusted to 30 volts.
This stimulation was maintained for 10 to 15 seconds and the anterior pole
disengaged. The rectal pole was withdrawn sliehtly and the current adjusted
to 20 volts. The anterior pole was applied su lenly, but this time for about
two seconds only. Hjaculation sometimes occurred after the first stimulation,
but usually took place immediatelv the second short stimulus was applied;
if not, then the anterior pole was removed for a few seconds and again
apphed After the fairly long initial stimulation, ejaculation could often
be induced by merely appinO‘ the site over the fourth lumbar vertebra
with the tips of the fingers. At the monent of emission the tip of the
vermiform appendix curled round onto its base and then whipped round
spraying semen a considerable distance with great force.

A weak electric current due t¢  akage or faulty contact might give a
thin watery semen. A disadvantage of the metal disc used for the anterior
pole is that it must be renewed from time to time hecause of corrosion.
Retardation of ejaculation due to central inhibition as experienced by Gunu
( ) was also met with. This was mainly overcome by applying the
g dus unexpectedly. Some rams occasionally showed slight inability to
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In the cage of good quality semen the experienced worker should have
little difficulty in distinguishing between pathologically abnormal sperma-
tozoa and those which have been mechanically damaged 1n the process of
making the smear. 1In poor quality semen it is more difficult hecause
spermatozoa which sre undergoing a process of degeneration are very easily
damoged 1n spite of due care.

V. STAINING SEMEN SMEARS.

For morphological study of spermatlozoa staining is necessary and a
staining technique which gives a clear, sharp delineation of the ou e
of the sperwmatozoa together with good differentiation of the different parts
of the cell should he used. After experimenting with various stains that
have been recommended, the technique introduced by W. W. Williams
(1920) was used throughout the work., It is not so simple as some other
staining methods; in fact, a good deal of practice is necessary to obtain
good yesults. It is a double stain and is made up as follows:—

Stain 1.
Saturated alcolhiolic solution of eosin (bluish) 1 part.
Ziehl-Nielsen carbol-fuchsin, 2 parts.
Alcohol 95 per cent., 1 part.

Mix the eosin and carbol-fuchsin, filter and add the alcohol to the
filtrate. The stain is ruther unstable and loses ils efficiency after 2 or 3
days.

Stain 2.
Loeffler’s methyvlene blue, 1 part.
Distilled water, 4 parts.

Procedure.

Tmmerse the smear tn 05 per cent. solution of chlorazene for 5 to 7
minutes to dissolve any mucus, wash gently with water and then dip into
95 per cent. alcohol.

Stain 1 is applied tor 3% to 4 minutes, To prevent precipitation during
the process add more stain from time to time. Wash 1n water and counter-
stain with Stain 2 for 3 seconds. Wash and dry.

This staining method is endorsed by Welster (1932), and by lLagerlof
(1934).  Lambert and McKenzie (1940) recommend either of the following
methods: (1) Dried smears are stained for 3 minutes with (-5 per cent.
aleohol solution of gentian violet; (2) air-dried slides are put in a saturated
solution of chlorazene for 5 to 10 minutes, rinsed in distilled water, fixed
in 10 per cent. formalin for 3 to 5 minutes rinsed in distilled water, stained
with Ziehl’s carbol-fuchsin for 2 minutes, washed gently in running tap
water and dried.

Swanson and Herman (1941) stained bull semen smears for 5 to 10
minutes with 3 per cent. aqueous Rose Bengal solution. Gunn, Sanders
and Granger (1942) had good results with the stain introduced by Williams
(1920), but found that the method required great care to prevent precipifa-
ti  of the stain and that it mayv cause distortion of the sperm necks and
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tails.  For rapid results in the field they used a mixed stain cousisting of
T parts of stock solution of carbol-fuchsin and 1 part saturated alcoholic
solution of eosin. They had uniformly satisfactory results with a modifica-
tion of the method of Cary and Hotchkiss (1935). By this method smears
are fixed with methyl alcohol for 2 minutes, washed in water, stained with
an acidified solution of Mayer’s haemalum for 6 minutes, washed in water
for 3 minutes, and then counterstained with an acidified saturated alcoholic
solution of eosin for 2 minutes and washed in water.

Salisbury, Willett and Seligman (1942) cleared the smears by immersion
n o 10 per cent. solution of chlor azene for 5 minutes, rinsed in tap water
and dred rapidly under an electric fan, The smears were then stained for
45 seconds 1n ZiehD’s carbol-fuchsin, washed thoroughly in tap water, dried
under the fan, counterstained for 45 seconds in aniline gentian violet,
washed in tup water and dried. They claim that compared with other
staining methods and stains, this procedure 1s the easiest as well as giving
the best delineation of cellular outline.

To demonstrate middle piece heads, smears must be carefully prepared
and gently handled during the stammg process to avoid damage (Fios, 11
and ])) They stand out ('1eally in negative preparations made with 1dia
ink (Fig. 13). The semen smear was prepared in the same way as for
ordinary staining, air-dried and then diluted India ink was poured over it.
The ink was poured off after a few seconds and the slide stood on 1its end
to drain and dry. The background is brownish black and the spermatozoa
show up as negative figures. lagerlof (1934) used opal blue {Bresslau)
demonstrate these hodies with excellent results.

‘With the object of detelmmmg the relative number of live and dead
spermatozoa in semen specimens, Lasley, Ilasley, and McKenzie (1942)
developed a new staining technique. They had observed that several stains
would enter certain spermatozoa and that others remained unstained. The

ermm in which the stain entered were non-motile before and after staining.
e following mixture gave the best results:—
Stain A

2 per cent. water solution eosin in M /8 phosphate buffer (pH 7-3).
Stain B.

1 part opal blue (undiluted)

1 part H/8 phosphate buffer (pH 7-4)

[Phosphate buffer (pH 7-4): 80-4 c.c. M /8 Na,HPO, and 19-6 c.c.
M/8 KH,PO,].

pH 57

For the staining mixture one part of A and one part of B were use
Slides were made by placing a drop of stain on a clean glass slide and
mixing a little semen with it by means of a glass rod, and then drawing
the smear with the flat surface of another slide. The posterior portion of
the sperm head stains almost ved to dark purple and the anterior part a
Light pink or mot at all. The unstained cells show up in clear outline
against a light blue background.

In order to eliminate the effects of changes in environme=*, the authors
recommend that both the stain and the semen should be brous t to a definite
temperature between 20-30° C. and that the nears should be prepared
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this temperature. Tt iz claimed ¢ that this new staining technique stains
dead sperm or sperm which have reached o state of 1rrevers le inactivation
and fails to stain live (active or potentially active) sperm ™’

V1. SEMEN CHARACTERISTICS,
1. The Ejaculum.

According to Gunu (1936) the typical ejaculum produced by electrical
stimulation consists of a small amount of clear tery material which is
believed to be essentially prostatic secretion; then 1 to 2 c.c. of thick
material, creamy in colour and consistency containing the majority of
spermatozoa; thereafter a certain amount of watery sccretion from the
accessory sex glands. He noticed that usually a greater total quantity is
ejaculated (hllmu hot days and hot seasons than on cold davs and during
cold seasons.  Gunn states further that from the dala obtained from a
number of adult rams submitted to stimulation daily or every two days
for long periods, and from the examination of about one hundred stained
specimens of the ejacula, no evidence has been found of any changes in the
quanfity of the ejaculum, the number of spermatozoa e] jaculated, or in the
motlhty morphology or staining reactions of the sperumtoaoa He concludes
that even very large numbers of services by rams ave unlikely to lead
directly to sterility.

Normal ram semen is creamy or greyish white in colour with a creamy
consistency.  With low concentrations the appearance 13 milky  swatery.
In the case of the ram No. 62542, the semen was always flocculated ; motility
was invariably poor and on microscopical examination the spermatozoa were
“clumped ’7. Neutrophiles in large numbers were present in every
ejacuium. Lemon-yellow coloured semen, due to admixture of urine, was
encountered on occasions. The initial motility of such discoloured samples
was usually only fairly good to poor. A faint pink colour resulting from
the presence of fresh blood did not affect the semen, but when 1t was
dark brown the motility was often adversely affected and the number of
JbIlOTl’lldl spelmdt()zoa -as increased. The presence of blood in the semen

ras due to the fact that some of the rams were at the same e 1n another
e);pe]]ment in which intratesticular temperatures were taken everv fourteen
days. A sterile ncedle containing a thermo-couple was inserte 1into the
parenchyma of the testicle. Intratesticular haemorrhage was occasionally
produced, but no abscessation was experienced. Although the rams suffered
no other 1ll effects from the use of the thermo-couple, 1t was perhaps
unfortunate that they had to be used in the concurrent experiment on bio-
climatoltogy.

Walton (1933) asceribes a pinkish or reddish colour 1in semen to an
admixture of fresh blood derived mostly from injuries to the vaginal mucosa
of the female from which the collection was made; and a brown or reddish-
brown colour to products of degeneration of blood and tissues, indicating
a degenerative process in the genital organs of the sire.

Greenish or distinctly vellowish coloured semen which indicates the
ssure of pus was not met with in this work,
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2. Semen Volume.

The semen volumes were read off directly on graduated test-tubes into
which the ejaculations were made. The data show that in general, the
voiume per ejaculate of individual rams obtained by electrical stimulation
varies remarkablv little. A significance test revealed that on the average
no significance could be attributed to the differences.  Individual raws
appear to have their own volume threshold.

The lowest individual average was 0-8 c.c. emitted by four rams among
which was the Blackhead Persian, which gave the highest average concentia-
tion. The highest average volume per ejaculate was obtained from the two
exogenous rawms, the Dorset Horm 56956 and the Rommney Marsh 56947, with
1-2 c.e. each (Dorset Horn ram 620648 and the Romney Marsh 56939 died
before the completion of the experiment and are mnot included in the
averages).,

The Merinos as a group average 0-9 c.c. and the Ronderib Afrikaners
1:0 c.c. The average semen volume for all the rams, except the {wo that
died, was 0-9 c.e. Gunn (1936) obtained an average volume of 1-5 c.c.,
from an average application of 18 stimuli per occasion. Lambert and
McKenzie (1940) record a volume of 08 c.e. as the most common for the
ram.

Swanson and Herman (1941) found a close relationship between the
varation in average volume of the ejaculates among the different bulls
and the relative size of the bulls within the breed. In boars, = :Nenzie,
AMiller, and Bauguess (1938) did not find a direct relationship between live-
weight and volume of semen per ejaculate. Over vespective collection
periods the smallest boar produced the greatest volume on the hardest
collection schedule, and the two largest boars the smallest volumes. TFewer
collections per unit of time were made from the two largest boars than
irom the smallest one.

The largest ram in the experiment, Dorset Horn 56956, sharved the
highest average volume with the Rommney Marsh 56947, but the  zhest
ram, Karakul 62544, and the smallest, Southdown-Blackhead Persian v2545,
were well up to the average of the other rams (Table 1). There was no
definite correlation Dbetween the volume of semen emitted at different
ejaculations and the sperm concentration. This was so for all the rams.
MeKenzie and Berliner (1937) state that a decrease in volume was not
always accompanied by a decrease in concentration, and that ejaculations
with the smallest volume did not always contain the smallest number of
spermatozoa.

3. Sperm Concentration.

The number of spermatozoa per cubic millimeter of semen was
determined by means of the Biirker haemocytometer. A dilution of one
thousand times in a 2 per cent. KOH solution was used except when the
semen was very thin; then it was diluted one hundred times.

The dilution was made as follows:—

1. From a burette graduated to 0-1 c.c., run 99 c.c. O soluticn
into a small flask.
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2. To this 9°9 c.c. KOH solution add 0-1 c.c. semen. A 1 c.c.
pipetie graduated to 0-01 c.c. was used.

3. Whis gives a dilution of 100 times.
To 9 c.c. KOH solution in another flask add 1 c.c. of the 1/100

semen  solution.
5. This gives a dilution of one thousand times.

Before making the dilution the semen in the test-tube was well stirred
up by rolling the test-tube between the palms of the hands. If the semen
1s shaken in the ordinary way air bubbles may become included in it and
drawn up into the pipette. A different pipette was used for each dilution
and for each ram. After use the pipettes were cleaned with a potassium
bichromate sulphuric acid cleaning solution.

(ay The Counting.

The diluted semen was well mixed and a small drop from a finely drawn
pipette was run between the coverslip and the counting slide. The dvop
should mot be so large that it will flow over into the grooves round the
counting slide.  The desired size of drop can be gauged with a Jittle
practice. Lo ensure an even spread of fluid the counting slide and the
coverslip must be absolutely clean and free from foreign particles. IRight
to ten minutes should be allowed for the spermatozoa to settle before
counting is commenced. Counting was done under a magnification of
200 times.

.

Fiec 3.

scction of Biirker countis  sham owi the r
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(0Yy Calculation.

Depth of counting chamber=1/10 mm.
Square a,b,e,d (Iig. 3)=1/20x1/20=1/400 sq. mm.
Volume of square a,b,c,d=1/400x1/10=1/4000 cub. mm.

The rectangle a,e,f,d, was used as a unit for counting and represents
b squares, of Hx1/4000=1/800 cub. mm.

Starting at the top left hand corner (Fig 3), four rectangles were
counted downwards, then four to the right, again four down »»1 so on to
the 1ight hand bottom corner of the counting chamber. ~venty-four
rectangles were counted. Two separate counts were made of each sample
and averaged.

Spermatozoa lving inside the rectangle a,e,f,d, and those touching the
side d,a,e, were (()unted but not those touchlng the side d,f,e even 1if
inside the rectangle.

Number of spermatozoa in 24 rectangles—=S
l.e., number of spermatozoa in 24 x 1/800 cub. mm.=8
800

Number of spermatozoa per cub. mm.=19 x 50 % dilution

“rample: Number of spermatozoa counted =60

Dilution 1s 1,000 times.
800

Number of spermatozoa per cub. mm. =60 x N x 1000
g0 0000
=2,000,000.
Making sperm counts is a laborious procedure, and findiy  that 1t

interfered with their other observations on the semen, Gunn, Sanaers, and
Granger (1942) evolved a simpler method of estimating the approximate
number of spermatozoa in a semen sample, and adopted the following
scale :

Approvimate number of
Spermatozon in hundreds

Type of Semen. of mallions per c.c.
Very thick creamy ... ... ... ... 0 o 30
Thick creamy ... ... ... .. .. .. . o oo .. 2
Creamy ... ... .. 0 Lo e e 20
Thin creamy ... ... ... ... .. o0 oo e e eee e oL 1B
Thick milky ... ... ... ... .. ... .. . .. .. .. ... 10
Cloudy . . o1
Less than cloudy ... ... ... ... ... ... ... ... ... ... .. .. 1insignificant.

These authors consider that, provided the ejaculations do not take 1 e
at less than twenty-four hour mcervals approximately the same numper
of spermatozoa are ejaculated bv any given ram in good health on snecessive

‘asions.  Russian workers (Kusnezov, 1934, Moskowts, 1934) Loy
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Gunn, Sanders and Granger (1942), found that for high fertility in the ram
in artlhmal insemination a minimwm of 50 million sperma’roma are required,
Macomber and Sanders (1929) working with human semen c Juded that
“the total number in an ejaculation is of less significance m relation to
fertility than the concentration . They found that there 13 markedly
more varlation in head lengths in sperms of low concentration.

Although rams of good fertility tend to produce semen with a
satisfactory concentration there wmay, mnevertheless, be a considerable
diffevence in concentration in different ejacule of individual rams. Ram
652545, which gave a very high breeding test (95 per cent. pregnancies) had
a range of (- ‘J {0 58 million bp@l]l]‘lt070<l per cubic Inﬂhmetle with an
average of 2°7; and the Ronderib Afrikaner ram 62f 3 whose highest
abnovmality count was 42 per 1,000, ranged from 0-5 to 6-9 willion
spermatozoa per cuble millimetre.

Ghunn (1936) points out that in healthy, normal rams the ejaculation,
by the electrical method, of a semen sample containing only a few
spermatozoa, may be due to faulty technigque, This mayv have been the
reason why the semen of the Merino ram 45106 contained only 13,000
spermatozoa per cubic millimetre on 27.2.42, and 83,000 on 12.6.42. Ou
both these dates, however, the motility was poor and the abnormality count
correspondingly hlnh with coiled tails almost eutirely responsible for this
high count. The coiling involved mainly the ends of the tails only.
Phillips  (1935) quotes Milovanow (1934) for the statement that the
secretions of the accessary sex glands tend to reduce the span of life of
spermatozoa of the boar and stallion.

A perusal of the protocols shows that a very low sperm concentration
was invariably associated with poor initial motility, and a rather high
abnermality count; but it is also elear that poor motility and many abnormal
spermatozoa are by no means encountered only in semen of low concentration.
The sperm concentration is but one of the factors involved in the quality
of an ejaculate.

Tovestigating bovine sterility in New Zealand, Webster (1932) found
counts of 250,000 and under to be associated with poor motility and a high
abnormality count. Such low counts were not met in bulls of high fertility.
Thirteen bulls with counts of 100,000 per cubic millimetre and less were
completely stirile. Normal counts varied from 500,000 to 700, 1 per cubic
millimetre, but might exceed 1,000,000,

Statistical compavisons can, unfortunately, not be made of the different
breeds used in this work because in some cases only one raw »f a nart~ular
breed was available, but 1t can be said that the five Ron :rib 1 aner

TAams gave semen ﬂm)un*hout of a more uniform concentrati~n and a mgher
monthly average than the four Merinos. The Blackhead =rsian had the
highest average (3-3). Ten of the rams averaged over two mllion per cubic
millimetre and the lowest average coucentration was I-1 million, given by

the Merino ram 45307,

Lambert and McKenzie (1940) give the range of sperm concentration
(per cubic millimetre) for the ram as 500,000 to 6,000,000 with 1,000,000

as the most common figure.
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4. Total Number of Spermatozoa.

The total number of spermatozoa in an ejaculate was ¢ ulated from
the semen volume and the concentration (number per cubic millimetre),
and since both these semen properties are subject to variation it could be
expected that the total number would show wide variations between semen
sammples. The highest total number of spermatozoa in an individual ejacula-
tion was 10,810 million obtained from Ronderib Afrikaner ram 62546 the
frst time he was ejaculated (not shown in the records). During ibe
experiment a few months later the same ram gave a total of 9,900 million
i an ejueulation.  IIis lowest total was 800 miillion.

Rugsian workers found that 50 million spermatozoa were necessary
for an Insemination, but a much larger number would be required for
natural copulation where the semen is deposited in the vagina. Taslev and
Bogart (1943) showed that the number of spermatozoa per insemination was
correlated with fertility in the bull. Fertility was below average when there
were fewer than 800 million total spermatozoa, or 275 willion live
spermatozoa, or 175 million resistant spermatozoa. Lasley and ogart record
a high correlation per ejaculate between total spermatozoa and semen volume,
sperm concentration and motility rating. McKenzie, Miller and Bauguess
(1938) could find no direct relation between the total number of spermatozoa
and semen volume of the boar.

It has been indicated before in this work that semen volume and sperm
concentration were not correlated. Neither could a definite relation he seen
between the total spermatozoa per ejaculate and the volume. here was,
however, a close relationship between the total sperm count and the
concentration. The following example from four successive ejaculations at
fortnightly intervals from Karakul ram 62544 shows how these properties
are related,

Concentration Total Number of
Date. Semen Volume (c.c.) (Millions per mm?). SI;%H}'?(?S:;)&
‘ B
2/1/42.0 00 i 0-8 2-0 1,600
16/1/42. .00t 0-8 4-9 3,900
B0/1/42. ..o 0-8 1-6 1,280
13/2/42. ciei e, 0-8 | 05 l 400
\

In most of the rams the total number of spermatozoa dro~+ed to a Jow
figure on some occasions, but in the case of the rams with »w fertility
a low total count was the rule rather than the exception. ’'I'he aderib
Afrikaners all had a higher average of total spermatozoa than the Tinos.
It will be seen from Table 3 that there were big differences among the
individual rams.

5. Motility of Spermatozoa.

In order fo reach the ovum a spermatozoon must exhibit 1 lity. But
there are degrees of motility and it is obvious that all other tors being
equal, the better and more vigorous it is the greater are the chomces that
the spermatozoa will reach the ovum descending the fallopian t e. It is
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Tasre 3.

Total Number of Spermatozoa (millions).

‘ o i AR
oo = | . L% b
slalalz|zl2 |5 1812|2135 |23
MERINO Raws
’ { 1 L
45106, ... .. .l 1-4] 5-4 Z]‘ 2-4 1~9! 2~9! 1-6/ 1-2 l~4‘ 2~6‘ 1-0) 2-4) 1-5] 4-8; 2-3
43307, .o 1-9) 1-5 02“ 1-0] -9, 0-5, 06-71 1-3/ 1-2, 0-9] 0-6; 1-1] ©- 8\ 0-7/ 10
30549, . ...l 3-5 0-9 2~9‘ 1-0/ 0-7 1-9 ]-]1 1-6 4~0‘ 3:0] 5:2{ 0 h 0-030-05 1-9
SOT35. e 3-4| 4:6] 2-5 0-3\ 0-6] 2-3 0'4‘ 1-3/ 2-6 6-2 1-2' 3- 0‘ 1:3] 0-41 2-2
P PR ’<_..<v_\4_._____.._.__ [
Average..... ... K \‘ 31/ 19 1) 1 0\ 1 9‘ 1 0\ L-4] 2 2:3) 3:2] 20/ 1- s“ 0- 9‘ 13 18
! H B ! ‘ !
o 777 Rom~yzEY MarsH Rawms.
. \\ |
*36039.. ... ... .. 0-2 ()~8‘ 0-7 4‘ 030 1-5] 0-9] 3-3] 18] 63 — | — | — i — | —
26947 L 1-6 2-0" 4-3 0; <O 1-4| 1-8 2-6 3~6‘ l-()l 2.2 4-4| 1 IO'S 2-1
o ) | \ i !
o Brackuean PErsiax Ram
| i |
62030, . ..., 3’9‘ 3-0 2-2 3-7} 1-1 3'4% 22| 2+5 2-5\ 2-8 3-8 3-9 l-Sl\ 1-41 27
[ : ‘ !
DorsEr Horx Rawms. ) B
SB956. . 1-5] 6-8 0~9§ 2”)‘ 2-0/ 18] 0 0-2) 2:0] 15 4-5| 85 ()'91 O~9‘ 2-0
FO2D48. . 0-9] 0-5/ 11 0-6‘ 0-3/ 0:5/ 01 16, 0:9 — | — | — | — ‘ —_—
i i
B RONDERIB APRIKANER RaMS.
: ; ‘ ,‘ ;
62418, . ... ... ... 2-2 2-0‘ 57 0'8‘ 1-2l 3-3| 2-3) 3-3] 2:6) 2:5] 2-3| 3-2| 3-8 1-7 2-6
625346, . ..., .. ..., 6-3 1-4 85 3.4 9.2) 3-4| 2-6| 1-1| 2-0| 4-1] 2.7 2.7l 3-701-4. 3-3
62419, ... oL, 44| 2-80 1-71 3-8 2-7 1-2) 1-2, 4-0| 5-7) 1-1} 71| 26 ]~9i 1.2 3-0
62549, ... . 3-90 1-2) 4.0/ 2-9) 3-2 1-1) 1-5] 211 2-3] 3-8 1-0{ 2-8 3-2| (-9 2-4
62543, ... .. L. 2-8] 3-4| 4-5 2'7‘ 1:6] 1-2] 4-3 2~5i 2:9 14 2-6‘ 4-5 2'1’ 1-4; 2:7
Average.......... 39 2-2\ 4-9“ 27| 22 2~o\ 2:4 2:61 3-1] 2-6] 3-1] 32, 2:9| 103 28
I I ! | | i
WELSH MoUNTAIN—R ONDERLB AFRIKANER RAMS;”
\ ‘ i ; i i
62541, ... ..., 1-9, 0-8] 4-1] 15 ()-7‘ 1-71-1) 2-4: 1-3] 3-3] 1-3] 2-6; 2-0, 1-% 1-9
62542, ... 1-2 ()-S‘ 1-1) 1:5/ 1-4; 0-9] 0 ‘ 1-5/ 2:0| 1-9] 1-0| 2-6| 1-3, 2 1-4
Average.......... 1-6 0-8[ 2-6[ l~5‘ 1-1) 1:3] 6-9] 2-0/ 17| 27 1-2 2~6’ 1-7] 2 ; 1-7
[ i
3
SOUTHDOWN-—BLACKHEAD PERSIAN Ram.
62545, ... .., 1-4/ 2-1] 1-3 1'5] 0.7/ 1-1] 3-7 1-7| 5-2| 4-3!| 3-2| 3-5| 2-4| 19 2-4
l [
KARARTL Ram.
] g
62544. . ... ... ..., l— 1 1'1’ 1-7) 2-3) 1-3} 1-2 3-3| 3:0| 0-4 ()-6‘ 0-1/ 1-3/ 6-3) 1-4
Grand Average 2 8’ 2 -4 3-0f 2:0 1'4I 1-8} 1-7J 2:0] 2-8| 2-6| 2-5 3-Oi 1:9; 1-3] 2-2

* Not included in averages.
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important that the site of felti]imgion should be reached in a reasonable
time, for according to Phillips (1935) “ the ability to fertilise the ovun
versists for a much shorter time than the power to show motility 7. Tt the
fallopian  tube has been reached before ovualation has occurre the
spermatozoon may not find an ovum for a considerable period and dwing
this delay its ability to fertilize will decline. Again, the life of the ovum
after leaving the follicle is short. In the rabbit Hammond and Marshall
(1925, state t that the ovum is capable of fertilisation for only 2 to 4 hours
atter ovulation, and Day (1942) found that mares inseminated 2 to 24
hours ufter ovulation were ;ﬂl sterile.

Lt is accepted unquestionably that spermatozoa must be motile 1 order
hat fertilisation may result, but opinions difter as to the value that can
be attached o the degwe of motility shown by semen samples during
examinations.  Williams and Savage (1927) were uunable to attach much
clinical importance to this phenomenou i the case of bhulls especially when
considered alone.  They point out that the movement of spermatozoa from
highly fertile sires may be atfected adversely by many (rivial factors, and
that abuormal spermaiozoa from bulls with poor fertility were often found to
be highly motile. Tactors which may affect the motility rating ave dilution
of semen with extraneous fluid, admixture of vaginal blood and tenacious
mucus, the time between collection and examination and the temperature
at which the sample is kept and examined. Quinlan, Steyn and De Vos
(1941) found that the optimum temperature for storage of ram semen was
between 2° (. and 4° C. Semen was stored in narrow tubes and covered
with sterile medicinal liquid paratin. By this method live sperm were scen
after a storage period of 100 days. Pregnancies were, however, not
obtained with semen stored for longer than 72 davs. Donham aad Simms
(1930) studying the genitalia obtuined from the abattoir found that the
secretions of the seminal vesicles of bulls either retavded or i1 ilited
motility of spermatozoa.
Webster (1932} investigating bovine sterility in New Zealand considered
that normal semen samples should remain motile at room temperature for
36 1o 48 hours, although he occasionally found motility up to five days.

Tu normal mn)p]es he found an active initial motility nof & er cent.,
which dropped steadily as the age of the sample inc reased. a1y requently,

the motility in the case of bulls that were sterile or of low fertility wus
extremely poor and of short duration. The percentage of motile spermatozoa
and the degree of activity were both affected. Webhster conclude  that
““ from the results obtained it mav be stated that in most cases the general
motility of a sample of semen affords a reliable estimate of its probable
fertility 7. He savs, however, that the first ejaculate of bulls after an
extended period of \e\“ul rest, usually shows poor motility and contained
many degenerate sperms, Wheleas in a second ejaculation of a few minntes
later the motility was normal. Lagerlof (1934) agrees with this st
obsexvation end, like Williams and Savage (1927), also draws attention to
extraneous factors that may influence the movement of spermatozoa, and
which should ke taken into account when an examination of semen is made.
In most cases of highlv fertile bulls Lagerléf found sperm motility to. be
very good or good, while in bulls with reduced fertility, and in those that
were sterile it was variable,

Gnon (1936) was unable to confirm the view that the percentage of
motile spermatozoa, or the degree or duration of mwotility  is reduce in
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the first ejacula after a prolonged rest period. He obtained pregnancies
in ewes by insemination with semen that showed less than the maximum
degree of motﬂlty, but he goes on to say that ‘° the percentages of motile
spermatozoa and the degree of their motility were, in our experiments, the
main means of comparing and evaluating semen samples ”’.  Swanson and
Herman (1941) came to the conclusion that the initial motility of the semen
of the different bulls used in their work was not correlated with their
fertility, except in samples with very poor initial motility, which were
of poor fertility. In separate ejaculates of the same bull, however, there
was a rough relationship between initial motility and the time of survival
with good wmotility. The time of survival of vigorous motility under storage
umd}lhons at 409 T7. was considered to give the closest corvelation with
tertihity.

Among the many factors which may affect the vitality of spermatozon
outside the body, temperpature is one of the most important. ) study
this effect Hammond (1930) and Walton (1930) in collaboration conducted
experiments with rabbit semen collected, respectively, from the vagina of
fhe doe after mating and direct from the epididymis of the buck rabbit.

pody temperature (40° () the maximal survival was about 13 hours,
while at 45° (. the spelmatozoa were almost instantly destroyed. At
temperatures below that of the body, survival was increasingly prolonged
untll o maximum of about seven days at 15 (. was reached. Motility
was reduced at lowered temperatures, but in a fresh suspension complete
imhihition did not take place until about +5° C. (Waltor® The results
« tained by the two :methods were approximately the same. he percentage
of spermatozoa motile, when examined at room temperature, was considoved
by Hammond to be a fairly good indication of the percentage fert ty.

ixaminations for motility were made in all cases at room temperature
within approximately thirly minutes after ejaculation. In cold weather an
electric heater was switched on in the room. The hanging-drop technigue
with @ magnification of 200 diameters was used for the examination.

No uniform method has as yet been adopted for the  ssification of
the various degrees of motility encountered 1n semen samples. From a
practical point of view what seems most desirable is a method which 1s
simple, and at the same time enables one to indicate the degrees of motility
which appear to be of importance. The classification adopted in work
1s more or less similar to that of the Russian workers, quoted b "alton
(1933). 1t an ejaculation is collected directlv into a test-tube and held
up to the light, a sort of vibration due to the movement of the spermatozoa
can be seen In semen of good quality.

Tha percentage of spermatozoa viable and the vigour of heir move-
ments were both considered in assessing the motility rating. ..e hi st
mark, 5, was given when 95 to 100 per cent. of the spermatozoa showed
vigorous progressive movement. Such samples give the impression of a
seething mass with waves moving across the field with great rapidity. In
the centre of the drop mdividual spermatozoa cannot be observed, hut towards
The edges they can be seen to move very activelv. TIn the next grade, 4,
75-95 per cent. exhibited strong progressive movement. A few immotile
spermatozoa could be seen and waves still traversed the mass rapidly. hen
55 to 75 per cent. of the spermatozoa showed good progressive movement
the motility was described as ““ 3 . Waves were also observed, but they were
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fewer and slower; movements of individual healthy ¢ s being easily
followed. Many spermatozoa showed oscillatory wmotion only. 1In °2°7
motility, 33 to 85 per cent. were motile. No waves were present, many
motionless cells drifted about, forward movements were slow and about
half of the motile spermatozoa showed oscillatory motion or »oved in small
circles.  Abnormalities, when present could be studied. mark 1,
indicates that very few sperms were viable and the majori owed only
oscillatory movement. The motility was described as O, when no motile
spermatozoa could be seen. This classification would be ther crude for
detailed studies on sperm motility, but it was found to be satistactory for
clinical purposes.

Because motility 1s so readily influenced by extraneous factors an
mndifferent mitial motility per se, of a single ejaculate cannot be regarded
as a true mdex of the viability of the semen or of the sperm picture us
a whole. There is, however, a direct correlation belween the initial motility
of successive ejaculates, especially when considered over an extended
period, and the semen picture and, roughly, the fertility of th~ ram. The
records show that the initial motility wf the semen of goc rams was
generally good and that of the rams of poor fertility generally poor. When
the motility reading was mostly 8 or below, the semen pictrre wag, as u
rule. poor or bad and the rams were of low grade fertility. ams v this
class are the Romney Marsh 56939, the Dorset Horn 56956 and the  :1sh
Mountain-Ronderib Afrikaner 6G2542. Their breeding records were respec-
tively 21-7 per cent., 42 per cent. and G1-D per cent. An exception is the
Blackhead Persian ram 62030, which alwavs had an excellent semen micture

with good motility but whose breeding rvecord was only 59 per cent, 118
ram was very keen, but le rather often dismounted too soon w1 he

result that the semen was deposited round the vulva.

G. Spermn Horphology.

Stained semen smears were used for 2 sludy of sperm morphology.
Numerous wet preparations were closely observed in order {o determine
whether the various abnormalities found in stained smears could be detected
in the unfixed preparations and to what extent, if anv, the processes of
fiving and staining changed the picture. It can be said that all the aberrant
forms listed, with the exception of those spermatozoa which showed poor
staining affinity were observed in the wet smears. It was found that a
fairly good picture of the ultimate finding could be forecast from a study
of the spermatozoa In wet preparations.

Tt was possible to increase the proportion of tailless spe atozoa by
careless preparation of smears. Heads and middle pieces were torn by
foreign matter on the glass slides. Mechanieal aberrations could he detertad
after sufficient experience had been gaimed. The head of e heal v
spermatozoon does not separate from the body very easily. ‘to facilitate
differential counts of abnormal cells, semen should be spread over the slides
as evenly as possible.

All spermatozoa which did not conform to what was regarded as no 1l
(Fig. 4) were classified as abnormal under the different headings. 1ave
Lundred spermatozoa were counted in each sample from the d erent rams
and classified. Any individual cell was recorded under one headi:  only.
Tor example, a tailless head was classified as such only, irrespecuve of
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any other aberration it might have shown as well; a pyriform head which
also had a coiled tail was recorded as the former only. In general,
abnormalities of the head were given preference over those of other parts
of the spermatozoa, and deformities of the middle piece over those of the
tail, provided the particular abnormality was definite enough.

By recording cavefully all the different aberrant forms which were
observed it was hoped that it might be possible to form an opinion of the
significance of the various abnormal {ypes to fertility. This guestion will
be dizcussed later,

Williams (1920) beleved that the noxious influence which caused ath
and disintegration of only a few cells also devitalised the remainder of the
spermmatozoa.  Nimeone and Young (1931) showed that spermatozoa attained
full maturity in the epididvmis and that those that were not discharged
underwent regressive changes resulting in death and lguefaction in the
epididymiz and  vas deferens,  Variations in sperm morphology in the
semen ot different bulls was shown by Lagerlot (1934) to be due to degenera-
tive changes in {he festicles,  This does not explain the finding of sudden
marked increases in the abnormality counts ot particular ejaculates frow
healthy rams and just as sudden o return 1o normal.

va) dbnormalities of the Tail.

Tailless Npermatozoa.—-The separation of the head from {he 1ail
variably oceurs at the neck so that the separate tail cludes the middle
piece. A break anyvwhere else in the tail hax been seen onlv as a resuld
ot mechanical ftearing, as occurs when a smear was roughly prepared or
wher foreign matter had come belween the slides.

As aorule the free hea  only were found in the smear: very occeasionally
were the free tails seen. Toose heads were seen In wet preparations
immediatelv affer ejaculation and must have lost their tails previously.
Williams and Savage (1925) observed free heads in the seminal tubules
i one case. Willtams (1920) considered the presence of tailless spermalozou
to indicate lTowered vitality of all the cells present.  Trophic disturbances
in the later stages of spermatogenesis were thought to be responsible for
these almormal forms or that the secretions of the accessary glands playved
o limited role.  In the latter case Williams sayvs marked morphological
changes tn the nuclear portion of the head would not be expected.  He found
{ailless spermatozon 1o be associated with constricted nuclei.

In good sperm pictures and in the semen of rams of good fertility the

number of tailless spermatozoa was usually small.  H was observed that
when free heads were a significant factor in the abnormal count the majority
showed defeetive staining of the anterior head cap. The anterior ¢ stained

fainter than normal and the ouiline wasx inclined to appear blunoed. For
example, on 28.8.42 (see Table 14 in Appendix). the Ronderib  ‘rikaner
rom 62418 had a marked 1nerease of free heads constituling 52 per cent.
of the total abnormal count of 188 per thousand. A1l these free heads
exhibited defective staining of the anterior liead cap.

IFew tailless spermatozoa were generallv found in the ejacula of the
good rans.  Averages for individual rams in this category ran~~d {from
tour to twelve per thousand and the group average was seven per  ousand.
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mcluding large numbers of coiled tails. Many had the tails closely coiled
vound their heads. The Karvakul ram 62544 served 26 ewes and twenty Tambs
were born (76°9 per cent.). In March bis semen showed o gradual increase
i cotled  tails  whereas other aberrant forms did not then 1ncrease

correspondingly (see Appendix). v Juue there was a big increase, the
figure reaching 378 per thousand and it went as high as 446 in July. 2\

high proportion of cotled fails was maintuwined up to “the middle of October.
Cno I0th July this ram served o ewe which conceived and subsequently
lambed.  His semen on thal duy showed an abnormality count of 523 per
thousand of which 288 (88 per cent.) were coiled tails. The niotility rating
was two,  The coiling mvolved practically only the lower paris of the tails,
and this was a feature of the coiled t1ails in this ram’s semen (g, 21)

A sharp kink v the middle piece was oceastonally scen: and i the
angle of the kink wax a mass of protoplasm.  Spermatozoa with this {yvpe
ol (lelnH\ mostly also had abnormal heads (lFig. 7).

Folarged Middle Picces.—In this classificaiion arve included s wrotdal
swellings (1120 8) and o uniform thickenming of the middle pieces. The

tormer were the more common,  These spheroidal swellings which are
axcoctated only with the middle preces, appear most commonly just helow
thie neek and were rarvely =een in any other position.  Theyv differ from

middle piece hewds by bemng apparvently /nside the protoplasmic sheath aund
not wrapped round it.

Williams  and  Savage (19273) regarded pleroidal swellings asx aun
imdication of disturbed spermatogenesis in the  all. Thev did not generally
exceed twenty per thousand and in that proportion were not found to bLe of
immediate clinical significance, but more serious affections of the spermato-
venie tissue might be expected to follow. W T, Williaws (1923) referred
io a stallion which ejaculated al)undanl, nighly motile spermatozoa most
of which, however, had an elliptical enlargement in the middle piece. The
“tallion was <terile.  Williams Lelieved {he ripening process to have beeu
interrupted with premature ejaculation of these cells

Fularged middle pleces were present onlv oceasionally and in small
vumbers, geverally two to six per 1,000, in semen from our normal rams.
In specimens from the rams with poor and iodifferent fertility, they were
encounterad (uite frequently.  They Increase  more or less ax the fotal
abnormality count incressed and thus contrvibuted to the bad semen picture.
Thix was especially the case with the Romnev Marsh vam 56939 (21-7 per
cent. fertility) whose senten on one cecasion showed enlarged middie pleces
m the proportion of 82 per 1,000,

Double Middle Picees and Tails.- -In the final stages of spermatoganesis
cach secondary spermatocyte divides mto two spermatids.  The spermatid
does not divide, but a metamorphosis into a single spermatozoon takes place.
Willinms and Savage (1923) explain the formation of double middle piecesx
as being due to incomplete division of the secondarvy spermatocyies.

In this study on vams double middle pieces (Fig, 9. and double middle
pleces and tails were moslt commonly observed in connection with normal-
fooking heads.  Less frequently, they were associated with Targe heads
(Fie. 10).  One wonders, therefore, whether this anomaly could not equally
wi be explained by a duplication of centrozomes during the metamorphosis
of tie spermatid into a spermatozoon.
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Filiform Middle Pieces. Tn this type of abnormality the protoplasmic
sheath of the middle piece is absent leaving the axial filinent bave (Fig. 7).
Williams and Savage (1925) found filiform middle pieces (o be of quite
frequent occwrrence e senten from apparently lealthy bulls at the rate of
one to two per 1600, Thev suggest that the aberration 1s caused by
defective development of the ends of the body (posterior end knob and end
ring} with the result that the axial filament is not covered.

Filiform middle pleces were very rarely found in speciniens from the
wood rams: and only in the very poor Rommney Marsh ram 56939 did they
oceur mmoa fair number of specimens.  They were found in seven oul of
vwenty-one ejaculations from thiz ranm, usually at the rate of two per 1,000
with o maximum of six per 1,000, Tn IFig. 7 it will he noticed that the
head of the spermatozoon showing this abnormality  has undergone a
degenerative process. the uwsual subdivisions heing absent.  Head changes
were observed In most spermatozoa with filiform middle picces,

Very little can he found in the literatare about thix tvpe of abnormality
and it was found so seldom in semen samples examined (except 1n case
of the 1am mentioned above) that its significance cannol he judged. Lt
struck the author, however, as a most undesirable tvpe of cell since 1t was
a feaiure only of the semen of the ram which had o constantly bad sperw
pleture,

Nbavial Vitaclhment of Maddle Piece.—In the normal spermatozoon the
middle piece ix attached to the Lead in the middle of its base.  Somefines
the attachment is slightly to one side, and in extreme cases it 1s vight on

ihe edge.  Abaxialism was encountered very rarely in the semen of the
rams used i this work and then only with the tail attached slightly oft
centre. The affected spermatozoa appeared to he healthy 1 all other

respeets. This abnormality 15 apparently of no significance in the rvam.
In the stallion extreme forms of abaxialism have frequently heen observed.

iy Vhuormalities of the Nperm [l ead.

Defective Ntaining.  Oceasionally spermatozoa were observed in which
the whole head did nol stain and there was no differentiation between
anterior and posterior portions (Figs. 6 and 7). Such spermutozoa were
probably dead when ejaculated and their presence in appreciable numbers
would indicate a serious disturbance of spermafogenesis.  Theyv were, how-
ever, only found iu insignificant numbers in  this experiment.  More
commonly defective staining was associnted with the anterior hexd cap.
which then stained faintly and the outline was not =0 sharply defined
(Fig. 14). The nuclear portion of the head was stained normally. Tt was
not possible fo 1dentify these aberrant forms in wel preparations,

efectively stained spermatozoa were present in almost every ejaculation
of all the rams, but in the case of the good rams their numbers were
comparatively small.  The lowest mmdividual average among the good rams
was 38 and the highest 27-6 per thousand, with a mean average of 12 per
1.000.  The rams with poor breeding recorvds averaged between 52 and 85
per 1,000 defectively stained spermatozoa.

In the poor rams this type of abnormal cell was purt of o e sperm
picture.  Welsh Mountain-Ronderib  Afrikaner ram 62542 pres¢ :d an
imteresting case in respeet of defectively stained anterior head caps. his
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classifications of abnormal spermatozoa in the appendix that these abunormal
heads were closely associated with the total abnormality counts where the
sperm pictures were generally bad. Tifteen out of twenty-one ejaculations
from Romuey Marsh ram 56939 (d preguancies out of 23 ewes served) shoved
pyriform heads ranging from two to sixty-four per thousand. orset Tt
ram 56956 settled eight out of nineteen ewes and his semen showed pyrirerm
heads on fifteen out of twenty-six occasions, with a range of two to seventy-six
per thousand. The highest number of this type of ce ell was recorded ir one
semen sample frem Romnev Marsh ram 56947, namely, 172 nev thousand.
Pyriform heads were practically absent from the semen of  orset Horn
ram 62548, but in the last sample before he died the ohnormality count
rose to 352 per 1,000 and sixteen were pyriformn heads. he records show
that pyriform heads are correlated with poor fertility.

Narrow [Heads—Tt was sometimes difficult to decide whether to class
a lhead as “ narrow ’ or °‘ pyriform . Narrow heads were regarded
as  those 1n  which the entire head was reduced 1n ifs transverse
diameter, and in which there was no distinet tapering towards the base
as 1n pyriform heads. From a clinical point of view narrow heads and
pyriform heads are no doubt equally undesirable and could conveniently
be classed together.

In the two least fertile rams, 56939 and 5G956, narrow eads were found
in only two ejaculates of each, but in ram 56947 (559 per cent. fertility) they
(queared in sixteen out of twe nty seven samples 1 numhers of from two
to twenty per thousand. Narrow heads, like pyriform lLeads are apparently
not a common feature of ram semen and their presence must be viewed
with concern. Figure 19 shows a narrow head in the bottom 1ight hand
corner.

11(,0112091)07111 —Moench and Holt (1931) regarded distinctly large round
cells In human semen as probably more or less tmmature or degenerated
cells and that they were of importance, but not found in large enough
numbers to correlate statistically with clinical abnmormalities. The round
iype of large cell was not seen in this study of ram semen. lverv ram
on at least one occasion ejaculated a few giant spermatozoa. The majority
were normal in appearance except in size, as in Fig. 17; others as in
Fig. 10 were attached to middle pieces and tails which were in a state of
incomplete duplication. The megalosperm in Fig. 10 also shows shreds of
cytoplasm still adherent to the upper part of the middle piece.

Megalosperm could not be correlated with the semen picture in geneval,
nor was there any relationship between the frequency with wlhich ev
occurred in ejaculates and the breeding records of the rams. _ fact,
thev were found in very few semen samples from the two worst rams and
quii‘e frequently in samples from some of the good rams in numbers from

> to. 8 per thousand. They were qunite a feature of the semen of the two
Ronderlb Afrikaners 62418 and 62546, These were two reasonably fertile
rams.

Microsperm.—Small heads which were less than half norm: size were
not encountered in any semen smears. Spermatozoa were classified as
microsperm when they appeared to be approximately two-thirds normal

. D .
size as in Yig. 18. Some of these small heads were normally proportioned:
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APPELUIN S, LLE WA nuin nuImper at a single ¢
per thousand. Because microsperm arve ejaculate
by rams, their contribution towards infertility
would appear that they are associated with dis
connection could be seen between microsperm

Double Heads.—McKenzie and Phillips (1
ouly rarely in ram semen.
occurrence 1n the semen of bullb
part in the question of fertility.

He did not

Double heads were found in the semen of
rams showed them on one occasion each and
In every case the number was two per thousan
animals of good, bhad and indifferent fertility

are was no correlation between the double h
and 1n the remuainder there mav have been.
were 30 small that no opinion could be expressed
The double heads were either attached to norma
that were thickened, giving the impression tha
place without evtoplasmic division of the body

More than two heads to one body were no
rams. During this work, however, semen saw
six year old stallion which had never served.
and guadruple heads were present in the first
shows a four-headed spermatozoon in which inco
can be clearly seen.

Variation in Head Sizes.—Williams and
within certain normal limits, the spermatozoa 11
be of uniform size, and they suggested that a
variation of the heads might furnish good infc
breeding potentialities of the particular animal.
good bulls the length of the sperm heads we
Savage, Williams and Fowler, quoted by Willia
this \‘mdv of sperm head 19110"(hm further. Me
a plo]echon microscope at 3 0)0 diameters ma,
of variation of samples from 53 good bulls rang
workers concluded that the coefficient of varia
not exceed 4. They claimed that the practical
of analysis had enabled them to recognise sever:

yuld otherwise have escaped detection.
brometric study of the head lengths of sperm
degrees of fertility and found that the coefficic
30 fertile bulls, 4-8 in 15 doubtful bulls and
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poor fertility or sterile.  Donham, Simms aud Shaw (1931) attempted to
measure the spermatozou on stained slides and to correlate the measurements
with pregnuncy results. Thev came to the conclusion, however, that such
measurements were not of anv value in determining the breeding ethiciency
of bulls,

During this study of sperm morphology 1t was observed that the sperm
heads of the best rams were extremely uniform in size. 1 certain other
semen samples, however, it was noticed that there was a variation in head
sizes concerning both the number of cells affected and the extent to which
they were affected (Fig. 19). Blometric measurements were not possible in
this work, bui the extent to which this phenomenon occurred 1 smears
wax arbitrarily indicated.  Thus when approximately H) per cent. or more
of the cells examined were different in size the variation was constdered 1o
be marked (xxx); it was slight (x) when only a few were affected and faily
marked (xx) when the number fell in Letween.  This 1z shown with the
classification of abnormal spermatozoa in the Appendix. The spermatozoon
m the bottow right hand corner of Fig. 19 wax classified as a narvow head.

Merino ram 45307 showed a variation in the size of the sperm heads
on only two oceasions and on each occasion the variation was associated
with a sudden and marked inerease in the abnormality count.  Nemen samples
from Dorset Horn ram 62548 did not shiow a variation in head sizes until
the last ejaculation before he died and in that sample it was marked. The
total abnormality count rose to 352 per 1,000 from 52 in the sample tuken
two weeks earlier.  The abnormality count of Ronderib Afrikaner ram
62418 began to show an upward trend in May and the comparatively high
count was maintained until Neptember. During that period shight variation
in sperm-head sizes was vecorded.  Dorset Horn ram H6956 had a bad
sperm picture practically throughlout the fest period and as can be seen
from Table 12 1 the Appendix variations in the head sizes were very
¢losely related to the abnormality count. The position was the same for
the otlhier two poor rams—Romney Marsh rams 56939 and 56947 (Tables 9
ad 10) respectively.

A slight vartation in the size of the heads of a few spermatozon of good
rams will occasionally he found, but generally they are very uniform. It
seems clear that when head sizes vary markedly, o poor sperm picture and
low fertilily can be expected.

The resuits of breeding tests are shown in Table 4.

All the Ronderih Afrikaner rams, execept 62418, refused {o serve even
when locked up with the cwes over night.  Their semen was artificially
imseminated.

The cwe that failed {0 conceive to ram 62545 had o deformed cervix
and never conceived.

In the following Figures, 4 to 19, are shown normal ram spermatozon
and the different types of abnormal forms that were encountere in this
work. The four-headed specimen in Figure 20 is from a stallion *-llowing
his first service.  In Figure 21 are shown coiled tails in which e Tower
parts of the tails ave affected. This type of coiling has been rerer=~1 to
m the text, and is discussed further later, especially in connection wi  the
Karakul ram 62544, Note the high proportion of coiled tails in the picture.
Figure 22 is the sperm picture of an infertile ram.
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T1e. 21.—The sperm picture of the Karakul Ram, 62544, on 10/7/42

referred to in the text under *° Abnormalities of the Tail’”’. The

coiling of the tails involes mainly the lower parts. Middle piece beads
are also present.
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cent. abnormal sperm heads and clinical sterility was usually present if the
figure exceeded 25 per cent. Swanson and Heyman (1()41) bv consideri
all the aberrant forms and not only those concerning the sperm heaas,
produced data to show that some individual bulls mlghf maiutain  good
fertility even when the abnormal count was as high as 30 per cent., but
that above that value and when it approached 50 per cent., poor breeding
efficiency would zesult.  Good fertility, however, was not assured by a low
percentage of abnormal spermatozoa. "Anderson {1939) in Kenva, Jepmte(l
that the percentage of abnovmal spermatozoa in fertile bulls was 8-1: m
Tlls of ¢ reduced fertility 13-1 and in sterile bulls 17-6G. I'or the ram,

Kenzie and Phillips (1934) suggests that more than 140 abunormals per
thousand are assoclated with veduced fertility if the sample 1s not taken
after a period of prolonged rest.

Gunn, Sanders and Granger (1942) do not agree with the authors just
cited that any given percen‘rwe of molpholool( al abnormalities is indicative
of  sterility, but they consider that ¢ the percentage of morphological
abnormalities compatible with fertility varies with the cause of the derange-
ment of spermatogenesis >, These authors found no sharp line of distinetion
between highly fertile and sterile semens, but that there were intermediate
degrees of tertility between the two. As a rough workincr hasis they suggest
the following subdivision of semen tvpes according to their likely fertility
under otherwise 1deal conditions:—

Per cent. abnormal Per cent. lkely
spermatozoa, Fertility.
0-1 30 to 100
1 60
10 45
30 24
more than 50 0

On ten oceastons during thiz study no abnormal spermatozoa could be
found on iicroscopical examinatiou of semen samples: otherwise some,
however few, were invariably found. The highly fertile rams maintained
a compuratively low total abnormality sperm count which was made up
mainly by tailless spermatozoa, coiled tails. and spermatozon with defectively
stained anterior hewd caps.  Other abnormal types appeared in occasional
samples, but in small numbers.  Abnormalities of the sperin head, such as
pynhum heads, narrow heads, and small heads made a very small contribu-
tion towards the abnormulity count of good semen when they were observed
at all, The coiled tails were mainly of the ** looped 7 variety or with the
coiling 11 the lower part of the tails.

A very different picture was found in the semen of those rams which
exhibited poor fertilitv. Ifigure 22 vepresents a spermatozoon picture of
the almost infertile Romuey “Marsh ram 56939,  Most of the sperm heads
are degencrated and large numbers of free plotoplasmic bodies cover the
pieture; the cotled tails arve of the tvpe with the tails wrapped about the
heads.

In peor quality semen nearly all the different abnormal types listed were
represented in different samples, so that the total abnormalitv counts did
not result from only or three types. Pyriform leads, narrow heads,
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MceKenzie and Berliner (1937) observed a distinet period of increased
spermaatogenic activity in Shropshire and Hampshive vams, October to
January tor the Shropshires and dugust to January tor the Huwupshires,
coinciding  with the recognised breeding season. There was a marked
variation 1 sperm production in the two breeds and in individual rams
within the breeds. Breeding desire did not change marked)y throug out
the year and seasonal variation in breeding capacity could not be adequately
determined by it. Gunn, et ol (1942) did not observe any difference in
sperm production between Lreeds. They found that British breeds of sheep
reacted to heat sinularly to Merinos.

During the breeding season with its high spermatogenic activity
(McKenzie and Berliner) ‘the number of completed copulations, the number
of spermatozoa ejaculated, and the volume of semen were large, and the
absolute and relative number of abnormal spermatozoa were small.  Volume
of ejaculates wud concentration of spermatozoa were smaller in late winter
and during the spring than in the breeding season, and the number of
abnormalities in the Shropshirves was higher than during the breeding
season.  The increase 1n abnormalities, the authors counsider, was not high
enough to 1mmpair fertility. A period of decreased sperm production (June
to September) preceded the onset of the breeding season with its high
activity, Here again there was a marked difference between the two breeds.
The authors showed from their results that the inerease in the number ot
abnormal spermatozoa coineided with the rise in atmospheric temperature.

Erb, Andrews and Hilton (1942) observed seasonal changes in the sewen
of the Bull.  The various semen characteristies studied, except p showed
highly significant differences between months. In the spring the quality
of the semen wus significantly superior to other seasons and the average
“rerm concentration and total sperm per ejaculate were at their maximun.

v summer the average semen volume and the average imitial motility were
teast.  The average period of sperm survival was lower in summer than
during other months.  Highly siomificant differences in the various semen
tactors were noted hetween bulls.

During the summer of 1941-42, frequent tempelaturw of 9 .and
over were recorded at Onderstepoort, with a peak of 103° | in smber
{Graph 9). The higher degrees of temperdhne were, however, not mamtained
tor long continuous 1)(4110(1% From December 24th to Fel)rudn 18th inelu-
sive, atmmpher]( temperatures were not recorded at ()udeutepomt due to
damage to the thermometers. The unstippled portion of Graph $ therefore
represents the temperatures i Pretoria, seven miles south, during that
period. The rainfall during the period of the experiment and the average
for the corresponding period of the past 25-27 vears are shown in  raph 10.

Only one (50735) of the four Merino rams (Graph 1) showed any marked
imerease 1n sperm abnormalities during the warm season, and that was
during January and February. Tailless heads, coiled tails and defectively
stained %pelmatO/oa which had always been present in previous samples,
inereased in number.  Pyriform heads appeared in the semen ir preciable
numbers and in one ejaculate in January small heads, enla tomiddle
pieces, double middle pieces and middle piece heads showea a wmarked
relative increase. The remaining three Merinos had very low abnormaliiy
counts in January, and throughout the summer there was no appreciable
derangement in spermatogenesis. In the autumn the Merinos, except ram
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beginning of April, In May the number of abnormals was relatively low.
Spermatozoa with defectively stained heads were mainly responsible for the
imcrease in the abnormality count. _

The Blackhead Persian 62030 (Graph 6), gave semen of consistently good
quality with few abnormal cells. Only in November 1941 was there an
appreciable increase in the abnormality count (78/1,000) and dwwi»~ this

month the highest atmospheric temperature was registered. Ing
ecember to March a few abunormal spermatozoa were noted, but 1 il

and May they increased slightly. This ram’s excellent sperm picture was
not consistent with his breeding vecord (59 per cent. pregnancies), but as
has been explained before, his act of coitus was badly performed.

The Southdown-Blackhead Persian 625645 (Graph 7), gave no indication
from his semen of any spermatogenic derangement during autumn, swmmer
or spring.  The graph shows practically a straight line for these seasons.
This was o highly fertile ram.

The Karakul 62544 (Graph 8), came into the experiment as a young
ram in November. His semen was of good quality throughout the summer
months and few abnormal spermatozoa were observed until March and
April when there was a slight increase.

At one ejaculate on January 30th no abervant forms could be found.

With the ounset of cold weather in Mav a decided change was observed
- the number of abnormal spermatozoa ejaculated by nearly all the rams,
although all were not affected to the same degree. The correlation be  een
the spermatozoon abunormalities and the low atmospheric temperature is
best shown by the minimum temperature graph (Graph 9). In May there
was a fendency for the abnormality counts to rise; during the winter months
thev were high and remained high until the end of August or September.
In ibe fertile rams the inerease in abnormal spermatozoa was not so marked
as to affect thewr fertility.

Three of the four Merinos, all five Rondevil, Afrikaners, both the Welsh
Mountain-Ronderib  Afrikaners, Romney Marsh 506947, the Southdown-
Blackhead Persian 62545, and the Karakul gave greater numbers of
abnormal spermatozoa during the cold months than during anyv other season.
The Romney Marsh 56947, gave similar high abnormality counts in semen
collected the previous winter when collections were made by means of the
artificial vagina. The Blackhead Persian ram 62030, and the | ino 50735,
registered their highest abnormality counts in the hot season. rset rn
56996, whose semen almost invariably contained large numbers of abnermal
spermatozoa, showed distinet improvement 1 winter, The Rommey = rsh
56939, which died in Julv, had an abuormality count high in summer,
low in auwtumn, and high in June and July. The Karakul ram appeared
to be physically greatly affected by the cold weather. Spermatozoa with
coiled tails and middle piece bheads made the greatest contribution to his
high abnormality count. The latter were observed for the first time in his
semen with the advent of the cold weather. Pyriform heads, ich had
been rare before, were found more frequently in winter. 1 the case of the
Romney Marsh 56939, the sperm picture was verv much the same in v ter
as in the summer, except that the variation in head sizes was more
pronounced 1n winter. A return to normal in most of the rams 1s noticed
by September or October.

Graph 10 shows the combined average graphbs of the di  rent semen
characters of all the rams and their relation to each other and to the seasons.
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The two rams that died ave not included. T _ distinet increase in the
nuinber of abnormal spermatozoa during the cold months can = seen.
Semen volumes of individual rams showed mno clear seasonal changes, but
it must be admitted that no attempt was made to ‘“ empty >’ the rums
completely at the time of collection. The combined semen volume curve
shows that the largest volumes were collected in the months of February,

irch and July (1 1 c.c.) and the lowest in December (0-7 c.c.). erm.
concentralions were high in spring and (h’»oppe( gradually as the summer
advanced to the lowest mark in February (1'3 mittion per ¢. mm. ). Duri
autumn there was a steady increase up to and including June (3 million per
¢. mm.), and a high concentration was maintained throurrhuut the cold
weather. Some individual rams reached a peak in )Lly. Fluctuations
between different collections from individual rams were experienced at all
fimes. The total spermn numbers were influenced to a greater extent by
sperm concentration than by semen volume. This is shown by the almost
parallel curves of sperm concentration and total sperm numbers. Therefore
during the cold season a greater total number of spermatozoa was cjaculated:
sperm  concentrations were higher and more abnormal spermatozoa were
observed. Seven rams gave hlo’h abnormahtv counts during the hot months,
bnt they were not high enolmh to impair fertility except in the case of the
two least fertile rams which became almost completely sterile during that
period.  The high atinospheric temperatures registered on some days were
not countinuous, “and the climate conditions were modified furtber by the
sunuwer rains and sufficient shade. In winter there was little protection
from the cold.

IX. Discrssios.

Guun's (1936) electrical method of obtaining semen from rams was of
great value in this work. Collection by any other method would have beeu
impossible from a number of the rams used. The Ronderib Afrikaners
especially, could neither be induced to serve ewes in cestrus nor to ejaculate
into an artificial vagina. Training them would have taken too mg for their
mclusion in the experiment. Semen collected by the electrical method is
well suited for detailed study and for artificial insemination.

It 18 1mportant in handling semen samples from a nmmber of animals
that the same procedure and methods are adapted in order fo insure uniform
results during o particular experiment. IFxaminations for initial motility
should be made as soon as possible after collection. In this experiment
this was done within half an hour. Distinct differences in the various
semen characteristics were noticed in ejacula of different rams. Thus some
gave semen of greater volume, others higher sperm concentrations, and again
others had a more constant initial motility rating. Nevertheless, the more
fertile rams had a more consistent sperm picture than the less fertile ones
which showed considerably miove variation in semen characte ties.

Too few rams of the different Dbreeds were represented fc v
conclustons being drawn in regard to breed differences. Only s
and Ronderib Afrikaners could possibly be considered in this respe e
latter as a group were certainly more consistentlv good and gave r

semen volume, higher sperm concentration und a greater total 1mnrer of

srmatozoa, but they were yvounger rams, and the possibility tnat e :
ractor m]trht have contributed appre(‘lablv towards the betier semen cannot
be 1gn0red
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Grarr 6. —Blackhead Persian Ram No. 62030. Showing seasoual
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8t Average rainfall for 2527 years . -0
7 N Rainfall during period of experiment 1gx1-19::
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Grara  10a.—The rainfall during the period of the
experiment, and the average rainfall for 25-27 vears.
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Grars 10B.—The combined average graphs of the

different semen charvacteristics of all the rams. their
relationship to each other and to the seasons.
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N. C. STARKE.

Good initial motility was as a rule found in semen with satisfactory
sperm  concentration, and poor motility could be expected 1 en the
concenfration was low. The converse was, however, not necessarily the
case, for some infertile ejacula were highly concentrated, but oy 1 very
poor motility. High abnormality spermi counts have been  und in senmien

ith good, as well as with low, concentration. Semen v 1me cov!d be
correlated with mneither initial motility, sperm concentration nor wi  the
number of abnormal spermatozoa. The total number of spermatozoa 1 an
ejaculum, caleulated from sperm concentration and semen volume, was
more closely related to the former than to the latter. Longevity tests on
samples of different quality semen were not carried to conclusion because
of failure of the refrigeration plant and definite conclusions cannot be drawn,
but the poor quality samp]es had either ceased to be motile sooner, or - ir
motility rating had been more rapidly reduced, thau the better bamples.

In a few ejacula from different rams no abnormal spermatozoa cou
be found. This was, however, the esception for no matter how good the
ram o few abnormal forms were as a 1uie found. The aberrant types most
consistently present in greater or lesser numbers were tailless heads, coiled
tails and defectively stained anterior head caps. DProvided all due care
was exercised in handling semen and in the preparation of smears, sepe - tion
of the heads and tails did not readily occur in healthy spermatozoa. arge
11111111)91\ of free heads were usually associated with rams whose fertility

vas generally poor or in cases where fertilitv had been reduced Ly a gross
hm’rm,ban( o of testicular activity. OFf all the abnormal spermatozoon tvpes
the proportion of coiled tails showed the greatest variation. Sudden
significant increases and decreases in the number of coiled tails in successive
ejacula of the same ram have been experienced, but when this occurved it
was observed that the coiling involved mainly the free ends of the tails,
and that middle piece beads were also evident. An extreme example of
this kind was given by the Karakul vam 62544, in his semen from Jume
to the middle of October, during which period an average of 350 abnormal
spermatozoa per ejaculate were counted. Coiled tfails and middle piece
heads averaged respectivelvy 72 per cent. and 17 per cent. of that total.

iring these months when the high abnormality counts were registered
the ram’s fertility was lowest (62 per cent. pregnancies); but if his semen
were judged solely by the high total number of abnormal spermatozoa the
ram should have heen almost completely sterile. The more severe tyves of
coiling which involve the middle piece, and when the tails were  isely
wrapped round the sperm heads were observed mainly in the semen ot rams
with poor fertilitv. Tt is therefore considered that the tvpe of coiled tails
15 of greater significance i relation to a ram’s breeding potentialities than
the total number.

Although rams with reasonably good and good fertility occasionally
gave semen with relatively high abnormality counts, such numbers were
not maintained, and the total count was raised as a 1'esult of an increase
in the few abnormal types usually present. When a ram’s breeding ¢ acity
was reduced due to derangement of spermatogenesis the total numuver of
abnormal spermatozoa was mnot only increased, but the different types of
abnormal cells were also increased. The remarkable uniformity in the size
nf the sperm heads which is so characteristic in good seme» woe lost and

rent degrees of variation became apparent. Pyriform es narrow

Is, small heads and enlarged middle pieces which are founc normal
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semen in insignificant numbers, if at all) are closely associated with sewen
of poor quality. The total number of abnormal spermatozoa 1 poor semen
was therefore not =o much the sum of two or three abnormal types, but of
a greater number of different types.

The examination of stained semen smears for sperm morphology 1s of
great value, and when it ix combined with an examinatiou for motility and
sperm concentration a very acewate prognosis of a ram’x breeding capacity
can be made. A single examination nay lead to erroneous coneclusions
however, because even a good ram mav give an occasional wnsatisfactory
cjaculum.  Two or three examinations of semen collected at weekly intervais
should give the true sperm picture of a particular ram. Tt has been showu
v ovartous Investigators that high lemperatures are destruetive to the
vitality of spermadozon /v ritro. Degeneration of testicular tissue occurred
when thie temperature of the testicles was raised by scrotal insulation and
when rams were subjected to aritficial hot atmospheres. Gunu and co-workers
i Nustralin, and MeKenzie and Bevliner in Ameviea, showed that changes
e chimate conditions due {o season allecied spermatogenic aclivity o ranis
ad that bigh  atmosphevie  temperatures  caused  seminal  degencration.
Anderson (1941 «) 1n Kenva noted a seasonal variation in the motiliiv and
volume of the cjaculates of ihe hull.  Both these sewmen characters, bt
partieulaily the volume, showed a decrease from Mav o Angusi,

All the rams used o this work were not alfected to the same extent hy
seasonal changes m climatic conditions.  Seven ejaculated greater nuinbers
of abnormal spermatozoa during the period of high atospherie temperatures:
the remainder gave higher abnormalily connts In winter than in <unoner,
The mean semen volume was lowest in December and highest 1n the months
ot February, March and Julv. A definite corvelation hetween <emen volunie
and season could not be made out from the records.  Nperin concentration
and total sperm numbers werve closely corrvelated with each other and with
the various seasons. The high concentrations vevorded during winter and
spring were gradually veduced as summer advanced to their lowest in
February.  This low muark was followed by a steaddy itnerease through
autvmn (o the highest peak In June.  Initial motility wax affected by the
gquality of tndividual ejacula and by other factors operating at the time of
collection.  Variations in initial motility due purely to seasonal chanees
could not he established.

In general, those rams whose senen charactertstics vavied most hetween
claculates, and those that generally gave bad guality semen and whose
Lreeding rvecords were poor, were most readily alfected by udverse seasonad
changes,

X. Svarary and Coxcroesroxs.

—

The sperm picture of rawms of different breeds has been studied.

2. Semen was collected by Guun’s electrical method.

3. The Ronderih Afrikaners were superior to the Merinos in semen
characteristics.  This mav have been due to the fact that the former were
vounger rams.
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4. There were too few rams of the other breeds represented to enabie
an opinion with regard to breed differences to be expressed.

5. A morphological study of spermatozoa was of great value and could
be correlated with a ram’s fertility. It should, however, be considered
together with the other semen characteristies.

6. When all the semen characteristics are considere together, a very
accurate prognosis of a ram’s breeding potentialities is possible.

7. The total number of almormal spermatozoa 1 an ejaculum was not
as good an indicator of spermatogenic activity as the type of abnormal cell.

8. Rams with poor fertility ejaculated more different types of abnormal
spernmatozoa than normal rams.

9. Variations in semen characteristics of diffevent ejacula of the ram
have been noted.

10. Semen of the less fertile rams showed greater variations than that
of highly fertile rams.

11, Examimation of two or three ejacula from an individual ram af
weekly or fortnightly intervals i3 necessary in order to predict his breeding
potentialities. A single examination may lead to ervenecous conclusions.

12, The types of abuormal spermatozoa most consistently found i
lesser or greater numbers in semen of all classes were tailless spermatozon.
cotled tails, and spermatozoa with defectively stained anterior head caps.

3. Pyriform heads, narrow heads, enlarged middle pieces, filiform
middle pieces, middle piece beads and variation in spermatozoon head sizes
were relatively rare in good semen, but contribuled appreciably fowards a
poor sperm picture.

14. Spermatozoa with coiled tails, in which the coiling nvelved mainly
the ends of the tails, have been observed in semen in large nun  ers, without
a corresponding reduction i ferfilising capacity of the semen.

15. High quality semen Lhad good iitial motility, good sperin concentra-
tton and few abnormal spermatozoa.

16. Poor quality semen may have a large volume wud a high sperm
concentration.

17. Seven of sixteen rams gave higher numbers of abuormal spermatozoa
in summer than during any other season; in the remainder the abnormality
counts were highest 1 winter,

18. Sperm concentration and total numbers were highest in winter and
iowest In late summenr.

19. Semen volume could not be definitely correlated with seasonal
changes.

20. Initial motility was not affected by seasonal changes.

21. In general rams with bad sperm pictures and moor fertility were
more readily affected by climatic conditions than norm  rams.

473



