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INTRODUCTION 

Artificial breeding in farm animals is a continually 

expanding industry but, except to a limited extent, the goat is 

one species which has not been included in this development. In 

Canada members of goat breeders' organisations frequently inquire 

of the possibility of an artificial insemination service becoming 

available for goats. Some artificial breeding organisations have 

expressed interest in offering such a service provided that 

suitable techniques could be demonstrated in this country. 

One particular aspect of artificial insemination which 

has become of immense value in recent years is the use of frozen 

semen. This method, facilitating the long term storage and trans-

port of semen would obviously be most suitable for artificial 

breeding in goats in Canada and other countries where goat herds are 

few and widely scattered. 

The quantity of published information relating to the 

general field of reproduction in male goats is very limited especially 

on behaviour, and only a very small amount of work appears to have 

been done on semen in this animal. 

The reproduction behaviour of stud farm animals is a field 

of study which interests many workers in artificial breeding. In 

spite of this general interest however, there has been little pub-

lished material on topics related to this subject and, among such 



2 

material, studies on systematically observed behaviour are 

notable but few. 

Appearing to merit further research are such inadequate-

ly studied aspects of animal reproduction as (a) semen studies in 

goats, (b) the development of frozen semen techniques for goat 

semen, and (c) the reproductive behaviour of the male goat. 

Research on these is required to supply necessary basic informa-

tion, before commercial development can take place and to aid 

further understanding of certain aspects of domestic animal behaviour. 

With the above objectives this thesis concerning semen and behaviour 

studies in the male goat was undertaken. 

The design of this project required taking certain factors 

into account. One factor which was given fullest consideration was 

the fairly standard routine of semen collection as it is followed on 

most artificial insemination centres for cattle breeding. This routine 

usually requires two semen collections to be taken from each bull on 

each collection date. Collection dates are routinely four to seven 

days apart. Since an important practical question to be answered was 

how well artificial goat breeding could be conducted along lines 

similar to artificial cattle breeding, it was decided to take semen 

collections from bucks also, at four to seven day intervals with two 

collections from each buck on each collection date. In addition to 

a semen collecting schedule another important factor to be considered 

was the seasonal character of goat breeding. For this reason the 
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duration of the project was extended over one entire year to 

allow any seasonal differences to become apparent. 

This thesis was directed into two fields of study, one 

relating to behaviour and one to semen characteristics. The 

entire project is therefore considered in two parts. Part I 

considers the behaviour studies and Part II considers the semen 

studies. 
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PART I 

BEHAVIOUR STUDIES IN THE MALE GOAT. 



5 

REVIEW OF LITERATURE 

A limited amount of study has been devoted to the 

subject of reproductive behaviour in male domestic animals. 

The published material shows that most attention has been 

directed to the bull, the male goat having been almost completely 

neglected. 

Goat breeding is essentially seasonal in every country, 

the breeding season varying with the geographical situation. 

Terrill (1952) stated that the breeding season for goats usually 

falls between September and December in the northern hemisphere. 

Barker (1957) pointed out, however, that in Ontario at least it can 

continue until March. Shelton (I960) indicated that the breeding 

season in Texas begins at the end of September. The height of the 

breeding season for goats is stated by Clegg, and Ganong (1959) to 

be about November in the northern hemisphere. There is therefore 

general agreement that, in the northern hemisphere, the breeding 

season falls between September and March. 

In most instances the breeding season of the goat has been 

determined by the times when the majority of females come into oestrus, 

but it is also known that small numbers of goats are capable of 

breeding outside these regular seasons, (Eaton and Simmons, 1959)* 
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It is generally supposed that the male goat will have 

his reproductive efficiency seasonally influenced in a manner which 

will coincide with the female's breeding season. Few workers have 

attempted to determine the breeding season as it applies to the 

male goat. Shukla and Battacharya (1952) have investigated this. 

They found that the reaction time in summer was significantly less 

than in the other seasons, the reaction time being taken as a 

measure of sexual vigour. However other reports show that the male 

goat is capable of breeding at all times of the year including 

periods in which the females are as a rule anoestrus. Smith (1955) 

bred female goats (out of their breeding season) which had been 

brought in oestrus by hormone therapy (pregnant mare serum) using 

untreated males and obtained 7 pregnancies in 10 does. Eaton and 

Simmons (1953) have also recorded extra-seasonal breeding in goats 

in untreated subjects. 

The aspect of stud animal behaviour of prime concern is 

sex drive or libido and this is usually the principal focus of any 

work done on reproductive behaviour in male animals, Much of our 

present understanding of sex drive in the male domestic animal is 

based on the much more extensive studies which have been made on 

small laboratory animals. Beach (1942, 1947a, 1947b) has made 

perhaps the principal contribution to this foundation of understand-

ing, with his studies on mating behaviour in rats. The most recent 
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study and coverage of literature on reproductive behaviour in 

small laboratory animals has been provided by Jakway (1959) who 

reported on the inherited nature of mating behaviour in male 

guinea pigs. The inherent nature of sex drive is, of course, 

fundamental in the understanding of sex drive in stud animals and, 

once again, it is on work in laboratory animals that this under-

standing is founded. The inherent nature of sex drive probably has 

been demonstrated best by Grunt and Young (1952) who showed in 

male guinea pigs that those with a strong sex drive before castra-

tion returned to a strong sex drive after castration, when treated 

with increasing amounts of testosterone. A similar group of 

animals, with an originally weak sex drive, returned to a weak sex 

drive with testosterone treatment after castration. 

Although the sex drive in farm animals is a very important 

factor in animal reproduction, the amount of study done on it has 

been very limited. The veterinarian, of course, is concerned 

especially with abnormal features of this vital aspect of domestic 

animal function. This tends to limit the extent to which work on 

other animals has reference to problems encountered in the field of 

domestic animal breeding. 

Libido, as sex drive is more commonly termed in its usage 

with regard to male domestic animals, has been studied by a number 

of workers. Bane (1953. 1954) indicated that it is very largely 
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genetically determined in bulls, as did Walton (1930, 1953). 

Roberts (1956) agreed that sexual desire in bulls is largely 

inherent and genetic in nature, but considered that it may be 

modified greatly by various environmental factors such as 

nutrition, management practices, psychic factors, systemic disease, 

etc. In a recent study of sex drive in male domestic animals, 

Rowson (1959) has reviewed the pertinent literature and factors are 

discussed which can influence sex drive, including stimulation 

prior to service and climatic factors. Libido is discussed in full 

with regard to the stallion, the bull, the boar, and the ram. 

Although the review is comprehensive, libido in the buck is not 

included. 

Efforts to establish measurements of sex drive in male 

animals have been reported by several workers. Hafez (1960a, 1960b) 

has described libido in the bull and the rabbit as being of 

differing degrees within each of these species. Seven degrees of 

sex drive are described in the rabbit and eight in the bull. Each 

degree of sex drive is assigned to a given service behaviour 

pattern. Aside from this rather subjective approach, however, 

Hafez (1960a) mentioned that sex drive can be measured by the 

following criteria: (a) number of ejaculations in an exhaustion test, 
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(b) reaction time, (c) proportion of failures to mount, 

(d) proportion of failures to ejaculate. Such methods have the 

advantage that they can supply figures on which comparative 

measurements can be based. 

Hafez (1960b) in his study on sex drive in rabbits 

varied the stimulus if a response was lacking. Almquist and 

Hale (1936). however, have emphasised the importance of estab-

lishing a constant stimulus in any attempt to measure sex drive. 

These workers have made a distinct contribution to the objective 

measurement of sex drive in male domestic animals with their work 

on the bull. They acknowledge the value of reaction time and 

number of ejaculations per unit of time as basic measures of be-

haviour. They point out also that such highly objective measures 

can be misapplied, e. g. by prior stimulation or varying the 

stimulus condition from time to time. 

Some of the studies on male goats have been along similar 

lines. Wilson (1957) in a limited study, reported on the reproduc-

tive behaviour of the East African dwarf goat. He noted the prompt-

ness with which bucks commenced sexual activity on being released 

from pens in the presence of a female showing signs of oestrus, an 

observation which testified to the measure of libido observed in his 

subjects. Nicolai (1957) noted varying levels of libido in male 

goats, and made studies on factors which might influence these levels. 
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He apparently tried to assess the level of libido according to 

the following scale: I (very good), II (good). III (moderate), 

IV (poor). The assessment was made on the basis of the degree 

to which general signs of sexual activity were manifested. This 

study showed a high degree of consistency in the libido of goats. 

Nicolai (1957) was of the opinion that, in one feeding 

trial, the addition of dried yeast increased the libido in some 

bucks. Zacharias (1953) claimed that libido in male goats depended, 

to some extent, on the quality and quantity of feed stuff and 

stated that a comprehensive feed, rich in protein and minerals, 

enhanced libido. Clegg and Ganong (1959) state that, "goats like 

sheep may have an inherent reproductive rhythm that operates 

independently of other external environmental factors", pointing 

to another factor which may have an influence on sex drive. 

Shukla and Bhattacharya (1952) confined their studies on 

buck reproductive behaviour solely to the reaction time. They 

showed that the buck's sexual vigour can be measured by the reaction 

time and noted that it is influenced by the season of the year. This 

time was found to be significantly less in the summer than in the 

other seasons. It was also found to be independent of sperm produc-

tion. Sharma, Suri and Vali (1957) found that the average reaction 

times (in bucks studied throughout one year) ranged from 62. 6 seconds 

to 159. 4 seconds. 
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There is obviously a great need for further study on 

sex drive in domestic animals, including goats. Mich work still 

seems to be needed on tests of libido. Confirming the validity 

of any such test would seem to be of paramount importance. 

Almquist and Hale (1936) have stated, "eventually any test of 

sexual behaviour must be validated in terms of its usefulness in 

predicting the sexual responses... over periods of a year or 

longer. " More recently, they have re-emphasised the importance of 

properly assessing behaviour with their statement that, 'the 

development of meaningful measures of... sexual behaviour is 

essential to further progress. " 
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MATERIALS AND METHODS 

Materials 

The same nine adult male goats were used throughout 

the study. Of these, six were Saanens and three were Toggen-

burgs, ranging in age from one to seven years, (Table 1). These 

animals were unselected but were used because they comprised 

the adult male goat population in the Ontario Veterinary College 

goat herd at the commencement of the study. 

Two very similar white does were kept as teaser animals, 

one of these being held in reserve and used only on a few occasions. 

All bucks were provided with the same ration which con-

sisted of a compounded feed containing approximately 20. 2% digestible 

protein (based on that described by Mead, Peck and Cole, 1955) and 

fed at the rate of two and a half pounds per buck per day. Hay was 

supplied ad libitum and turnips when available. There was a constant 

supply of water and salt licks. Straw bedding was provided. 

Five bucks were housed permanently indoors in one building, 

being confined in individual pens, each approximately 20 sq. feet in 

area. The remaining four bucks were maintained out of doors but were 

provided with small huts as sleeping quarters. They were allowed 

areas of approximately 500 sq. feet in which to move about. 
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TABLE 1 

MALE GOAT MATERIAL 
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At the time of semen collection the teaser doe was 

restrained in a wooden service crate which was adapted from a 

previously existing model so as to be as simple and unobtrusive 

as possible. It consisted of a floor, a neck-yoke arrangement, 

and two side strips which sloped from the top of the yoke back-

wards to the floor at a point in front of the position of the 

teaser's hind feet. 

The artificial vagina was essentially similar to that 

described by Terrill (1952) and conformed to the general basic 

design of a bovine artificial vagina. 

METHODS 

In this study the bucks were used on a schedule of four 

to seven days between collection dates. There were, of course, 

occasions when it was necessary to alter this interval by a day 

or so in one or other direction but these occasions were kept to 

a minimum. Two bucks were not included in this fixed schedule and 

were collected only infrequently and irregularly to serve in the 

capacity of control animals to the demands of the semen collecting 

routine of the other bucks. 
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Also, in accordance with common bull collecting proce-

dures, it was decided to take two semen collections from each 

buck on each collection date. It was established at the outset 

that a post-ejaculatory period occurred with each buck during which 

little or no sexual activity was manifested by the subject in the 

presence of the teaser. This period ranged in duration from 20 

seconds to 21/2 minutes. A three minute interval was therefore 

allowed between the two services which were permitted each buck on 

the collection day and during this interval the buck was held 

aside, with the teaser out of sight. 

Prior to collection the service crate was placed in exact-

ly the same location each time and was out of sight of the penned 

bucks. The teaser was restrained in the service crate. Each buck 

was led by 8 feet of rope or chain attached to a neck chain or halter 

and was never at any time restrained from mounting. 

Every effort was made to follow a uniform collection proce-

dure on every occasion. All the collections were taken by the 

author, and in almost all instances the bucks were led by the same 

attendant. The premises where these collections were taken afforded 

adequate privacy. The attendant handled each buck with due care and 

the maximum amount of silence was maintained during the procedures. 

The object of these procedures at semen collection was to create a 

constancy of routine and the minimal amount of distraction for the 
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PLATE 1 

The Service Situation 
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bucks so that behaviour responses in the animals under study would 

be less likely to be influenced by varying extraneous environmental 

factors. 

Immediately on being led to the doe all bucks nuzzled 

the perineal region. This initial nuzzling was accepted as a 

simple and very reliable signal for starting the stop-watch which 

recorded the reaction time. It became apparent early in the study 

that all of the reaction time was not occupied with sexual activity 

in every instance. Behaviour in the service situation, i. e. during 

the reaction time, had to be recognised as being of two forms, 

namely true sexual behaviour and non-sexual behaviour. A procedure 

was adopted whereby the time was recorded during which only sexual 

activity was shown. This reading was obtained by means of an inter-

rupted-interval stop-watch. The total reaction time of course, 

continued to be recorded so that two stop-watches were in use during 

these observations. The watches were fixed back to back ana, by 

having them suspended from a cord around the observer's neck, both of 

these watches could be operated with one hand. 

The maximum reaction time allowed each buck was five min-

utes and those animals which failed to serve within that period were 

considered to have refused service. If the first service was refused 
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a second service was never offered, since the responses to any 

second opportunity would not reflect the behaviour of a true 

second service nor would acceptable first service responses be 

provided, while an arbitrary time limit of five minutes existed 

for all subjects in the group. 

All recognisable features of behaviour which occurred 

during the reaction time were noted. After full descriptions of 

the behaviour had been gathered over a period at the commencement 

of the study it became clear that most of these features were 

repeatedly manifested. 

A recording sheet was designed in which the manifesta-

tions of sexual activity were listed (see appendix A). The res-

ponses which were considered to portray sexual activity were various 

but in general were those which were exhibited while the subject 

was attending the teaser in the region of the latter's posterior 

pole. The manifestations of sexual activity were identified as 

follows: 

(a) Muzzling - a forward pushing movement with the nose. 

(b) Nibbling - a rapidly repeated snapping action of the lips. 

(c) Licking - a brisk lapping or tonguing action. 

Haas (1959) describes a very similar tonguing action in 

male Barbary sheep. 
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(d) Stamping - striking the ground sharply with one 

fore foot. 

(e) Snorting - a forceful expulsion of air from the nostrils. 

(f) Bleating - a subdued form of the characteristic goat sound. 

(g) Odour-testing - a somewhat prolonged activity featuring 

extension of the head and neck, elevation of the face 

and constriction of the nares. 

Haas (1939) describes an apparently identical action in 

male Barbary sheep in the presence of a female in oestrus. 

(h) Forward movements - actions involving one or two short, 

quick steps forward as though in preparation to mount. 

(i) Pelvic movements - activities, sometimes quickly repeated, 

in which the pelvis is drawn forward and the back slightly 

arched. 

(j) False mounts - mounts in which no intromission is attempted. 

The justification of classifying some of these items as 

sexual activities may not be immediately apparent, but all observa-

tions showed them to be so inextricably interwoven in the full ser-

vice behaviour pattern that they were included in this classification 

with confidence. 

Other features of behaviour for which allowance was made 

on the recording sheets but which were not considered to be manifesta-

tions of sexual behaviour were the following: 
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(1) Attending the environment, as for example in close inspection 

of the service stocks or nearby floor area, or directing attention 

to sundry features of the environment away from the teaser. 

(2) Inactive behaviour was also considered to lack evidence of the 

sex drive. Sometimes the subject was observed to show no gross 

behaviour, remaining inactive, and demonstrating no specific focus 

of attention. 

(3) Physical withdrawal from the vicinity of the teaser was 

occasionally recorded when, once again, it was considered that no 

sexual activity was being manifested. On a few occasions, in con-

sequence of such withdrawal, the buck would encounter the teaser's 

head region and under these circumstances the buck M)uld sometimes 

nuzzle the nose of the doe. After some careful consideration it 

was decided that this occurrence of attendance on the teaser at its 

anterior pole should not merit being recorded as a manifestation of 

sexual activity, because such contact was seen occurring occasionally 

between other pairs of goats in clearly non-sexual situations. 

These non-sexual activities were not recorded on the 

interrupted-interval stop-watch, but were included within the total 

reaction time. At the conclusion of each observation on a service 

situation, two time readings were therefore obtained, (i) the total 

reaction time and (ii) the active reaction time. 

When the buck mounted the semen sample was collected in the 

customary fashion. The temperature of the lubricated artifical 

vagina was maintained between 42°C and 44°C. 
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An important point in this study was the determination 

of any seasonal charge in factors involved in breeding. Conse-

quently observations on breeding behaviour were continuously 

made throughout the study to determine any such change. Breeding 

performance is quite adequately represented in the reaction time 

and some of the enquiry into seasonal effects on breeding perform-

ance made use of this easily measured factor. Basic data on 

reaction times are summarised in Table 2. From this data average 

reaction times for first services, second services, and all 

services have been calculated (see Table 3)* 

The monthly mean reaction times throughout a year are 

plotted in Figure 1. The graphs show behaviour divided into two 

periods. In the period from October to March the reaction times 

were shorter than in the period from April to September. 

The basic data relating to the reaction times of each buck 

in these two seasons is given in Table 4. To establish confidence 

in this observation of seasonal differences, a test of the signifi-

cance of difference between means was carried out on the data in 

Table 4. It was found that this test gave a "t" score of 4. 96, with 

8 degrees of freedom which, when tested against "t" tabulated, 

showed a difference significant at the 1% level of confidence between 

the reaction times of the two seasons, October to March and April 

to September. 
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TABLE 2 
ANNUAL REACTION TIMES IN A GROUP OF 9 GOATS 



23 

TABLE 2 Contd, 



24 

TABLE 3 

MEAN REACTION TIMES (in seconds) 

FOR 9 BUCKS DURING ONE YEAR (1959-1960) 
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TABLE 4 
SEASONAL REACTION TIMES IN 9 GOATS 
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The number of service refusals which were recorded in 

the two seasons was calculated (Table 5). A Chi-squared test was 

done on the frequencies of refusals in the two seasons, employir^ 

the chi-squared correction factor for continuity (Snedecor 1956). 

It was found that X^ calculated was 13. 4 with 1 degree of freedom 

which showed, when compared with X^ tabulated (P < . 01) that the 

number of refusals in the season from April to September was 

significantly greater than in the season from October to March. 

The annual breeding performances of the 7 male goats 

which were semen sampled regularly and continuously are depicted 

in Figure 2. The season April to September was characterised by 

the occurrence of impotence phases in all but one of the 7 animals. 

The one exception was the subject which showed impotence almost 

continuously. 

These impotence phases were observed as periods of varying 

length, usually of several weeks duration, during which the subject 

refused one or both services on semen collection dates. 

The pattern of these phases is apparent in Figure 2. Mien 

a phase was exhibited in which the animal undertook no service the 

term complete impotence was applied. When only one service was 

refused, on the collection date, the term relative impotence was 

applied to the animal for that occasion. All other occasions when 
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TABLE 12 

SEASONAL SERVICE REFUSALS IN 9 MALE GOATS 
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both services were undertaken on each collection date were termed 

full breeding function. 

The service behaviour of the bucks, concurrently with 

impotent phases, revealed a curious behavioural feature which 

made its appearance in the subject's stance behind the teaser doe. 

In this stance the buck, while keeping his head at the doe's hind 

quarters, deviated his body away from the usual position in line 

behind the teaser. By doing this, his position became one of 

disalignment with the long axis of the female. Instances of disalignment were noted in the recording sheets. 

The records of disaligned stance were placed against the 

contemporary records of mating performance (Figure 2). The following 

features of the disalignment phenomenon were observed: 

1. The comparison of the two factors showed that disalignment and 

impotence were very closely related in that they usually appeared 

concurrently. Other characters of the phenomenon were noted, some 

of which are apparent from Figure 2. 

2. Those subjects which showed most impotence throughout the year 

manifested most occurrences of deviated posture. 

3* A fairly obvious prodromal relationship existed in which the 

appearance of disalignment occurred in the subject's behaviour some 

time (usually a matter of weeks) before the appearance of impotent 

behaviour. 
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4. Each subject when deviating did so constantly to a given side, 

some always to the left and others always to the right. 

5. The stance of disalignment was adopted in as purposeful a 

fashion as is characteristic of proper alignment shown by these 

subjects at other periods. 

6. This form of deviated posture was maintained for lengthy spells 

within the reaction time, or throughout it, in contrast to any 

accidentally created disalignment which in other circumstances was 

quite quickly corrected. 

7. The angle of deviation was not always the same; in some subjects 

it was 45° from the true position, in others it was up to 90°. 
o 

and in one subject it increased to about 125, at which point all 

sexual activities ceased in the animal. These positions are shown 

in plates 2 -4. 

8. When pronounced deviation disappeared it did so by degrees over 

a variable period of time. In these circumstances intermediate 

degrees of deviation were observed, until proper positioning was 

re-established, see photos in plates 5a, 5B, and 5c. 

The various activities which were taken to manifest the 

animal sex drive comprised a variable sexual behaviour pattern. 

The number of these actions which can be included in such a pattern 

varied. In a reproductively competent subject most or all were 
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PLATE 2 

Stance Deviated at an Angle of Approximately 45° in Buck 28 
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PLATE 3 

Stance Deviated at an Ancle of Approximately 90° in Buck OBR 
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PLATE 4 

Stance Deviated at an angle of Approximately 135° in buck 32 



(MAY) 

PLATE 5A 

(APRIL) 

progressively Decreasing DeGrees pf DEVIATION n buck YBL Towards 

; &he termination of a 4-month Phase of Absolute Impotence. 

PLATE 5C 

(JUNE) 

33 
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shown but in an impotent subject fewer were shown to the point 

where only nuzzling was observed and that only briefly. The 

order in which these actions were portrayed was also variable. 

Certainly nuzzling was always the first action, but no fixed 

order could be applied to the others. 

In establishing an assessment of annual performance for 

each buck a quotient was obtained (Table 6) which was taken to 

reflect the absolute strength of the reproductive drive of the 

animal. This was calculated from No. of Services Undertaken ^ 

No. of Services Possible * 100 

Another absolute assessment of the libido of the bucks was obtained 

by calculating the number of occasions when both services were 

undertaken and expressed as a percentage of all occasions, 

In the investigations into libido and its assessment the 

two reaction time readings, i. e. the active reaction time (period 

during which animal portrayed sexual activities) and the total reac-

tion time, were included in various formulae. A simple formula was 

selected which appeared to give sound assessments of bucks' libido. 

The figure obtained by this method was designated the 

sex drive quotient or SDQ. 
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TABLE 6 

ANNUAL ASSESSMENT OF SEX DRIVE 

(ABSOLUTE METHOD) 

IN 9 MALE GOATS 
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An SDQ rating was calculated for each buck as follows. 

Four collection dates were selected, two in each of the two 

seasons already noted to be different. In one or two instances 

the next nearest date had to be taken when no observation was 

available for a buck on a given date. A rating was made for the 

first and second service on each date and an average of these two 

obtained. The ratings were totalled and a mean calculated which 

was taken as the SDQ for the animal. Table 8 shows this calcula-

tion for buck OBR. Similar calculations were performed for the 

other 6 bucks in the group to obtain SDQ values. These are shown 

in Table 9. 

The bucks with their SDQ ratings are listed in compara-

tive order in Table 10 which shows that the order in which the bucks 

are placed by this assessment is very close to that established by 

the absolute assessment shown in Table 6. There is also shown an 

even closer comparison between the SDQ rating and the second type 

of absolute rating (Table 7). 

A variety of tests of correlation were made between the 

SDQ and that absolute rating which bore the least apparent relation-

ship to it. These tests included the following: 

(1) The SDQ ratings of Table 9 were tested against the annual 

absolute ratings of Table 6, and r was calculated at +0. 929 with 
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TABLE 7 
RECORD OF SERVICE REFUSALS IN 9 MALE GOATS 

DURING ONE YEAR OF OBSERVATION 
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table 8 

OBSERVATIONS SELECTED FOR ESTIMATING THE SEX DRIVE 

QUOTIENT IN MALE GOAT OBR 
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TABLE 9 

MONTHLY SEX DRIVE QUOTIENTS CALCULATED 

IN 7 MALE GOATS 
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5 degrees of freedom which, when compared with r tabulated, 

(P < . 01) showed that a highly significant correlation existed 

between the sex drive as calculated on an entire year's per-

formance and the sex drive as estimated by a sex drive quotient 

based on four observations. 

(2) Tests were made on the correlation between SDQ as calculated 

on any three of the original four observations in Table 9 and the 

absolute rating in Table 6. These tests showed that any three 

observations together gave a significant correlation with the 

absolute rating (P <. 05). 

(3) Tests were similarly made of the correlation between SDQ 

calculated on any two of the original four observation dates and 

the absolute rating. These tests showed that the tests on certain 

pairs of dates were significantly correlated with the absolute 

rating, tut other pairs had correlations which were not quite signi-

ficant (P < . 05). 

(4) Correlation coefficients were calculated between the SDQ values 

for the four original observation dates and modified absolute ratings, 

the latter being based on the service performance of the four month 

period from which the SDQ ratings were drawn. This provided four SDQ 

ratings and four monthly "absolute" ratings (Table 11) for each buck 



43 

TABLE 10 

ORDER OF SEX DRIVE RATING AS 

CALCULATED BY THREE DIFFERENT METHODS 
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TABLE 11 

MONTHLY ABSOLUTE RATINGS CALCULATED IN 6 MALE GOATS 
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TABLE 12 
SAMPLED REACTION TIMES AND ANNUAL DETERMINATION 

OF SEX DRIVE IN 7 MALE GOATS 
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and allowed the examination of correlation between these two 

variables to be intensified. One buck had to be eliminated from 

this test due to inadequate information on his absolute rating 

at the monthly points in question. 

Correlation coefficients were calculated between these 

two variables within each buck. The six correlation coefficients 

obtained were averaged through the use of the Z transformation, 

Snedecor (1956) and a value of +. 85 obtained which, when tested 

against 12 degrees of freedom, was highly significant (P < . 01). 

The final test of correlation between sampled behaviour 

and annual performance was made between reaction time and absolute 

rating (Table 12). The reaction times tested were those relating 

to the same collection days on which the SDQ calculations had been 

made. The correlation coefficient obtained in this test was -0. 91 

which, when tested against r tabulated with 5 degrees of freedom 

(P < . 01) showed that a highly significant negative correlation 

existed between the reaction times of four observations and the sex 

drive as estimated on an entire year's service performance. 
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DISCUSSION 

It is considered that on the basis of two highly 

significant statistical tests and graphic representation of data 

on reaction times, sexual behaviour in these male goats demon-

strated seasonal variation. Eight of the nine goats in the beha-

viour study showed similar responses in the two seasons. The 

remaining goat showed impaired breeding behaviour recurrently, in 

fact almost continuously, throughout the year. Of the eight goats 

which did show seasonal changes in behaviour, four were indoor 

subjects and four were outdoor controls. Again, six were subjected 

to a routine of frequent semen collections whereas two were controls 

for this schedule and were not subjected to any taxing schedule but 

were collected only infrequently. 

On these grounds one could not readily implicate either of 

the principal features of management namely housing or demands of 

semen collection as factors which might have created changes in 

behaviour. It is believed that it is quite reasonable to assume a 

true seasonal effect. 

The monthly reaction times throughout one year show quite 

clearly a seasonal increase in reaction time, commencing in April, 

continuing on a high level until the end of September, and declining 
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to the previous level in October, (see Fig. 1). The additional 

observations on reaction time made in November 1960 confirmed the 

trend. The graphs therefore show two periods, a period from 

October to March in which service behaviour was keen and a period 

from April to September in which behaviour responses were subdued, 

in the service situation. The former period can be considered as 

the season of full breeding capacity and the latter can be tented 

the season of reduced breeding capacity. 

The period of full breeding capacity corresponds very 

closely with the period which has been described as the breeding sea-

son for the female goat (from the end of September to December)t 

Portway (L959). Barker (1957) however has stated that the breeding 

season of the female goat can extend into March so that the nearly 

identical span of the female's breeding season and the male's season 

of full mating capacity would seem to be quite evident. 

The finding that reaction time in the buck in the breeding 

season is significantly shorter than at other times of the year is in 

full agreement with the findings of Shukla and Bhattacharya (1952) 

in India. 

The occurrence of what are apparently naturally occurring 

phases of impotence in the reproductive behaviour of goats is a 

phenomenon which has not been previously reported. The phases occurring 
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in this study, usually in the season of reduced breeding capacity 

were therefore of special interest, and worthy of note. In 

addition to their interest in this specific regard, they were of 

added interest through providing an opportunity to study some 

behavioural aspects of poor libido. This opportunity permitted 

the study of disaligned stance in a number of impotent subjects 

during one period of time, a situation both convenient and fortui-

tous. 

The initial activity in the reaction time is nuzzling, as 

has already been stated. Shortly after nuzzling has commenced the 

animal is customarily seen to bring itself into line behind the teaser, 

taking up a position in the same long axis as the latter. This act 

of alignment is usually done quite positively and briskly and, once 

assumed, is generally maintained up to the time of mounting. 

This action done early in the reaction time and in a purpose-

ful fashion is considered to be an example of taxis, according to the 

definitions of taxis by Thorpe (1951) and Verplanck (1957). in that 

it is a locomotor and orientative response. It is directed towards 

a line behind the teaser, so the term lineataxis has been created, 

positive coital lineataxis would be more accurate still. 

In subjects during an impotence phase positive lineataxis 

was absent. When impotent subjects were led to the teaser in a manner 

which automatically brought them into a proper position of alignment, 
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they subsequently deviated themselves and adopted a stance which 

was strikingly out of alignment. The term negative lineataxis 

was used for this latter behaviour. 

The recognition of the phenomenon of negative lineataxis 

in bucks at once raises the question whether similar behaviour 

occurs in other stud animals, such as bulls. Personal experience 

and very recent private communications from workers on artificial 

cattle breeding centres confirm that such behaviour does occur in 

bulls. Furthermore, it is suspected that the phenomenon in the bull 

might carry similar implications to those observed in the goats of 

this study. 

Fundamentally these implications are, that a reduced sex 

drive sufficient enough to create impotence in a subject, will make 

its first appearance in a characteristic posture, a posture which can 

be termed negative lineataxis. The posture will be manifest in 

behaviour in succeeding situations until sex drive increases in the 

subject to a point which will be sufficient to re-establish repro-

ductive function. 

It would seem to be a reasonable supposition that positive 

lineataxis is a function of a high level sex drive, or libido and 

that negative lineataxis is a function of low level libido. This 

phenomenon seems to be sufficiently important to be the subject of 

further research. 
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Libido, with its level in an animal basically deter-

mined by inherent factors and having a fairly constant character 

in a subject, is obviously a factor of importance. This factor 

like any other can only be properly investigated if it can be 

measured. The existing method of measuring this behaviour mani-

festation, namely by recording the reaction time, although often 

satisfactory, is of limited usefulness. Efforts to improve on this 

measurement in this study have led to the development of a rating 

termed the sex drive quotient, or SDQ. 

When the period of observation terminated, there was 

obviously available an entire year's record of the service perform-

ance of each of the seven bucks which had been included throughout 

the study. By assessing the annual performance for each buck a 

rating was obtained which was considered to reflect in very absolute 

terms, the strength of the reproductive drive of the animal. This 

rating was taken as a valid indication of the subject's measure of 

sex drive. In fact it was considered that such a rating, based on 

a year's performance, which is fundamentally a long-term exhaustion 

trial, is as near to an absolute rating of sex drive as could be 

obtained, at least in situations of restricted mating. 

This absolute rating, readily available at the end of the 

semen collection programme, provided a convenient and reliable measure-

ment to test the accuracy of any estimate of sex drive based on only 
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a few sampled observations. The sex drive quotient was essentially 

intended to supply such an estimation of the subject's characteris-

tic sex drive. This in turn was taken to indicate the standard of 

service performance which could be expected of the animal. 

Measured reaction time has also been considered to do this but the 

correlation coefficient between SDQ and absolute rating was higher 

than between reaction time and the absolute rating. 

It is felt that the test of correlation established the 

sex drive quotient, as calculated in this work, as a very reliable 

indicator of the long-term mating behaviour of bucks. The SDQ 

rating is therefore held to have undoubted value, but its use has 

both advantages and disadvantages, 

(a) Advantageous applications of SDQ 

The sex drive quotient utilises the reaction time in 

assessing the libido in terms of a percentage score and not merely 

as a given time period. In cases of poor reproductive function it 

established whether or not a low sex drive is implicated in the 

dysfunction, whereas reaction time alone does not make possible such 

a distinction. In some greatly protracted reaction times, such as 

occur in seasonal impotence phases, sexual activity is reduced and SDQ 

is therefore low, showing a low drive. Its use in this capacity shows 

that the seasonal impotence states observed in this study were due to 
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reduced sex drive, since SDQ fell in all these cases. Used 

in this manner SDQ acquires diagnostic value as, for example, 

in examining impotent sires. Throughout this particular study-

pains were taken to exclude all known factors which might inhibit 

service, so that SDQ was seldom seen in this role which might, in 

other circumstances, be its most important role. 

It can be said of SDQ it is a correcting factor in 

assessing the sex drive in that it takes into account the possibility 

of the service efficiency being impaired by an inhibiting agent. 

Furthermore it presents the assessment of sex drive in a more conve-

nient and more meaningful form of rating, 

(b) Disadvantages of SDQ 

The system of SDQ assessment nevertheless has certain dis-

advantages. These are (i) that it requires two stop watches to be 

manipulated, and one of these fairly often, (ii) that the observer 

must be familiar with the behaviour of the subject's species, and 

(iii) that an inventory of what will be accepted as sexual activities 

be established. Some of these factors can reduce the objectivity of 

the assessment and allow room for human error. Because of this, the 

value of SDQ is reduced somewhat and while it is apparently a good 

measure of sex drive, its place would seem to be one of reservation 

for research work when more exact measurements are needed. It is 
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considered that SDQ could well be the meaningful measure of 

sexual behaviour which Hale and Almquist (i960) specify as being 

essential to further progress in breeding behaviour research. 

Reaction time, having been confirmed as a satisfactory 

indication of the long-term serving performance can be accepted as 

a suitable and simple measure of the sex drive of a sire in many 

circumstances. Its principal disadvantage is that of failing, in 

cases of low reproductive efficiency, to allow for a difference 

between low efficiency due to low sex drive and low efficiency due 

to the presence of an impediment to service. This disadvantage will 

sometimes be offset by its simplicity and objectivity in calculation. 

Even so, as Almquist and Hale (1956) have warned, the use of reaction 

time to measure performance in bulls is not without certain possible 

errors. These are principally, stimulation of the subject prior to 

reaction time, added stimulation during the reaction time, and res-

training the subject from mounting at will. Similarly in the case 

of bucks, provided that such pitfalls are avoided reaction time can 

continue to represent in many cases the simplest, practical numerical 

measure of a buck's libido in sample services. 
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CONCLUSIONS 

At the termination of the study the observations led 

to the several conclusions enumerated below. 

1. The interval between the first presentation of the buck to 

the doe and copulation, referred to as the reaction time (RT), is 

a suitable period of behaviour for study, in that it is clearly 

defined and contains virtually all the variable activities immediate-

ly associated with copulation. 

2. The mean reaction time for first services was 87. 4 seconds, the 

mean for second services was 136. 7 seconds, and the mean of all 

reaction times was 111. 4 seconds. 

3. The activities of bucks during the reaction time were of two 

separate types, (a) activities which are held to be of a truly sexual 

character, and (b) activities which are apparently of a non-sexual 

character. The time occupied by (a) was termed the active RT. 

4. Using both the total RT and the active RT in a formula, 

/active RT v m m . a figure was obtained which provided an assess-
^total RT J 
ment of the animal's sex drive at the time of the observation. This 

figure was termed the sex drive quotient (SDQ). 

5. SDQ, as calculated on four observations, was found by various 

statistical tests to be highly significantly correlated ( P . 01) 

with the sex drive of the animal as assessed ultimately on the basis 
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of its performance over the entire period of the study (one year). 

It was therefore considered that SDQ could be accepted as a valid 

test of an animal's long-term mating potential. 

6. Total RT was found to have a slightly lower but still highly 

significant correlation with the year's assessment and was consi-

dered to be a satisfactory simple indication of the libido of a 

subject, provided that this assessment was not applied to cases 

showing some measure of reproductive dysfunction. 

7. SDQ was considered to be of special value in determining, in 

cases of reduced breeding ability, whether adequate sex drive was 

present or absent in the subject. This was done by virtue of SDQ 

taking into account not only reaction time, but also that proportion 

of it in which the subject manifests sexual activities. This implied 

a diagnostic role for the formula. 

8. The reproductive behaviour of bucks is seasonally influenced. 

This influence is shown in two quite clearly different breeding 

seasons, (a) a season of full breeding capacity from September to 

March and (b) a season of reduced breeding capacity from April to 

September. In the season of reduced breeding capacity, reaction 

times were significantly longer than in the other season. The number 

of refused services in the season of reduced breeding capacity was 

also significantly greater than in the season of full breeding 

capacity. 
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9. Impotence phases were observed in which the subject typically 

would refuse both of two services offered (complete impotence), 

or one service (relative impotence) on a number of consecutive 

collection dates. 

10. In close association with the impotence phases, a change of 

stance in the animal was evidenced. This stance was one of dis-

alignment with the long axis of the teaser doe and was considered 

to be an example of a negative taxis. The full term applied to it 

was negative coital lineataxis. This lineataxis is considered to 

be an important phenomenon. 

11. It is postulated that lineataxis is a manifestation of libido 

or sex drive, positive lineataxis being a function of high level 

libido and negative lineataxis being a function of low level libido. 
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SUMMARY 

In these behaviour studies on male goats, the 

principal subject matter was the recognition of sex drive and 

its manifestations. In pursuing these studies nine bucks were 

used throughout a period covering one year. 

Observations were made under controlled conditions. Of 

the nine bucks, five were permanently housed indoors and four were 

maintained in an out-door environment, with access to covered 

quarters. Semen collections were made frequently and regularly at 

four to seven day intervals from seven bucks and infrequently and 

irregularly from two bucks. Rations were similar but the out-door 

subjects were able to graze. 

Collection of data was done by methods which were as 

objective as possible. In this, stop-watches were used to record 

time factors and check-lists were used to record manifested activi-

ties. Records were kept on any additional features of reproductive 

behaviour and on routine collection data. 

During the course of the study a behaviour test was 

developed, which was intended to measure libido in the subjects. 

This test was based on a quotient obtained thus, 
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Active reaction time was taken as the part of the reaction time 

during which the subject showed certain activities considered to 

be evidence of libido. This sex drive quotient based on three 

or four observations, was found to be statistically significantly 

related to the sex drive of the animals calculated on their entire 

year's performance. 

The reproductive behaviour of bucks is apparently season-

ally influenced with a decrease in libido during the season April 

to September. In this season bucks still served but their reaction 

times were significantly longer than in the other season which 

corresponds to the female goat's breeding season. There were more 

refused services during the season of reduced breeding capacity. 

These refusals were often featured in impotence phases of several 

weeks duration. 

Deviated stance in bucks during the reaction time was a 

feature noted in conjunction with reduced mating capacity. Deviation 

is in contrast to the normal stance (in line behind the female) which 

is considered to be an example of a taxis. The term negative line-

ataxis has been applied to the phenomenon of deviated posture and is 

considered to reflect a reduced libido in the subject. 
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PART II 

STUDIES ON GOAT SEMEN 
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REVIEW OF LITERATURE 

Artificial breeding is one of the most useful methods 

of approach to improved farm animal production. The goat is 

apparently one species in which better techniques of artificial 

insemination are needed. Semen studies are essential in estab-

lishing data on which to base attempts at improvement in insem-

ination procedures. 

Reports on goat breeding universally show this species 

is highly fertile. Conception rates as high as 80% are very 

common. A report by Rosenberger (1944) states that 95% of the 

sexually healthy goats which were inseminated in one area of 

Germany became pregnant. Jordao, Caldas and Filho (1952) reported 

a conception rate of 87-5% In natural mating in Brazil. A concep-

tion rate of 85% is reported in goats by Aehnelt and Brockmann 

(1955) in Germany. Blokhuis (1959) stated that 81. 9% of goats bred 

by artificial insemination during one season in Holland became preg-

nant. Schmidt, Dietz and Weiss (1950) reported a conception rate 

of 80% with first inseminations in 252 does in Germany. Another 

German report (Wagner 1949) mentioned a conception rate of 75% to 

first inseminations in 412 goats. In an insemination trial in 

Saxony, Gotze and Rosenberger (1944) reported that 75% of insemina-

tions were effective. The Netherland's report for 1958 stated 

that 70% of a total of 760 goats conceived to first inseminations. 

It has been stated by Barker (1957) that the conception rate for 

natural mating in goats in Ontario is very high. 
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The several features of goat semen including volume, 

density, motility and morphology have been studied by compara-

tively few workers. A small number of reports is available but 

only two of these, Eaton and Simmons (1952) and United States 

Department of Agriculture bulletin (1952) relate to the species 

in North America, and the latter report appears to be based largely 

on the former. 

The average ejaculated volume is recorded as O. 65 ml. by 

Eaton and Simmons (1952). Sharma, Suri and Vali (1957) record the 

summer average as 1. 3 ccs. and in winter as 0. 8 ccs. Mockel (1937). 

with 6 bucks studied, records an average volume of 0. 57 ccs. with a 

range in volume of 0 to 1. 25 ccs. Dussardier and Szumowski (1952), 

with observations based on two bucks throughout a year, record an 

average volume of 0. 6 ccs. with a volume ranging from a few drops to 

1. 6 ccs. Rollinson (1950) describes a typical ejaculate of normal 

goat semen as 0. 5 ccs. volume. Shukla and Bhattacharya (1952) state 

the average volumes in their group of bucks varied from 0. 46 to 

0. 78 ccs. 

The density of spermatozoa in normal goat semen has been 

shown to be high. Eaton and Simmons (1952), studying the semen from 

Toggenburg and Common American goats, over three consecutive years, 

gave an average concentration of 2. 7 million spermatozoa per cu. mm. 

Dussardier and Szumowski (1952) gave the average concentration for 

goat semen as 3*6 million per cu. mm. 
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The motility of goat semen is usually described as good 

at the time of collection (Eaton and Simmons, 1952), Wagenaar (1946). 

Sharma, Suri and Vali (1957) reported that motility in semen from 

three Betal goats was greatest in autumn and least in winter, 

whereas Dussardier and Szumowski (1952) described good sperm moti-

lity in semen collected regularly throughout a year from two adult 

bucks, without significant seasonal differences. 

The morphology of goat spermatozoa with particular regard 

to the percentage of abnormal forms has been described by a few 

workers. Out there has been a surprising amount of variation in these 

descriptions. It would seem that wide variations in the percentage 

of abnormal forms of spermatozoa in goat semen are commonly encoun-

tered and if small numbers of subjects are being studied the averages 

so obtained are likely to vary considerably from one investigation 

to another. Dussardier and Szumowski (1952) reported the average 

number of abnormal forms of spermatozoa as 2. 75%< Eaton and Simmons 

(1952) state the average proportion of abnormal spermatozoa is 8. 46%. 

Shukla and Bhattacharya (1952) state that the percentage of abnormal 

spermatozoa varies from 5% to 11%. Zacharias (1953) states that 

the total occurrence of pathological forms of spermatozoa in five 

bucks averaged 9*9%. Rollinson (1950) regarded 14% abnormal forms to 
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be within normal limits. Wagenaar (1946) in studying the semen 

morphology in fertile and infertile goats described the percen-

tage of abnormal forms in the former as ranging between 6% and 

39%. In the infertile goats the percentage of abnormal forms 

ranged between 45% and 57%. 

Eaton and Simmons (1952) classified types of abnormal 

spermatozoa in bucks according to head, neck, middle pieces and tail 

abnormalities and found that in these categories the average percent 

of abnormal forms was as follows: head 0. 31: neck 4. 118: 

middle pieces 2. 351: tail 1. 677* 

Zacharias (1953) established the following classification 

and percentage of abnormal forms. Alterations in the neck average 

4% and range from 2. 5% to 5. 7%, these being the most common of the 

abnormal forms. Next in frequency are alterations of the tail with 

an average of 2. 15% and a rai^e of 1. 1% to 4. 0%. Alterations in 

the head show an average of 1. 7% with a minimum of 0. 6% and a max-

imum of 2. 1%. Alteration of the galea capitis averages 1. 6%. The 

middle piece shows an alteration of 0. 38%. Duplications have an 

average of 0. 1% and are given as the rarest deviation. The largest 

number of alterations of the neck are breakages. Among deviations 

of the tail, loop-like forms and coiled tails are most frequent. 

This same study notes that no relationship was shown in comparing 

morphology with conception rate. 
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The colour of the ejaculate of the goat has been des-

cribed by a number of observers and is customarily given as 

white to yellow, more frequently creamy (Wagenaar, 1946, Rollin-

son, 1950). The significance of this factor in fertility has 

been belittled by Kaemerer and Krampitz (1955) who showed that 

the colour is due to riboflavine in concentrations over 15 mg. 

per ml. in the seminal plasma of the goat. White and Lincoln (1958) 

state that the presence of riboflavine in semen has no effect on 

fertility. 

Viscosity is another feature of goat semen which has been 

described occasionally. Wagenaar (1946) and most other observers 

describe it as thick. 

With the development of artificial insemination in goats, 

apparently following Benediktovic's report of 1934, there has been 

a certain amount of study done with particular reference to the 

longevity and fertility of caprine spermatozoa in various diluents 

under various conditions of storage. Some workers have shown that 

artificial insemination can be successfully practised in goats, using 

undiluted semen maintained for a few hours without refrigeration. 

Schmidt, Dietz and Weiss (1950) actually recommend the use of undilut-

ed semen in the insemination of does whenever possible and, with 

their method, report a conception rate of 80% to first inseminations. 



66 

Setinski, Pelicaric and Kaciga (1956) compared conception rates 

with undiluted semen and fresh semen in egg yolk citrate, 

obtaining 67. 5% success with the former as against 51'7% with the 

latter. Nevertheless, work continues to be directed at develop-

ing diluents suitable for goat semen, most notably in Germany. 

Media that have received most attention for the purpose of extend-

ing goat semen include egg yolk citrate, "spermazol", gelatine mix-

tures, milk and others. The results are highly variable and in spite 

of claims made in favour of one or the other of these media it would 

be difficult to accept any one as having been shown clearly superior 

to all the others in terms of longevity of spermatozoa. Yoshioka, 

Inudo and Torizuka (1951) compare two diluents, one a boric acid 

plus sodium-bicarbonate solution and another a sulphamerazine and 

homosulphamine solution. Both diluents were stated to improve the 

keeping quality of semen and to give a high conception rate. However 

the conception rates were only 56% and 65%. 

Dauzier (1956) investigated the fertility of semen diluted 

in saline, in sodium citrate and in skim milk. Of these diluents 
o 

only skim milk heated at 95 C for 10 minutes preserved satisfactorily 

the fertilising capacity of goat spermatozoa. Blokhuis (1957) report-

ed that cow's milk has been introduced as a diluent in routine arti-

ficial insemination of goats in Bulgaria, apparently with success. 
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Aehnelt and Rosenwinkel (1953) investigated two commercial semen 

diluents one "Spermazol" (a buffered gelatin citrate mixture) and 

Dilopten (a buffered organic phosphatide - glucose - citrate -

mixture). "Spermazol" with 3% egg yolk was the most satisfactory. 

Aehnelt and Brockman (1955) stated that spermazol with the addi-

tion of egg yolk from different poultry breeds gave varying results 

and claimed the conception rate using egg yolk from the New Hamp-

shire breed gave highest conception. Nicolai (1957) compared 

"Spermazol" with a diluent named "R. de H. IH-". He claimed that this 

latter solution provided a medium for goat spermatozoa giving good 

results, but concluded that "Spermazol" is a better medium for 

artificial insemination since "Spermazol" was distinctly superior 

in prolonging spermatozoan viability, and giving a higher conception 

rate. Blokhuis (1959) claimed that goat semen diluted with sodium 

citrate gave a higher conception rate than with powdered milk, the 

difference being in the order of 7%. Rosenwinkel (1953) compared the 

addition of egg yolk to the following diluents: 3-5% sodium citrate, 

4. 0̂ b sodium citrate, "Spermazol", and dilopten. 3% egg yolk in 

"Spermazol" gave best results, results which remained good after a 

48 hour period of storage. 
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Roy (1957) reported on the extinction of spermatozoan 

life in diluted goat semen alter three days storage at 3°C in 

glycine with egg yolk or egg yolk citrate. Death of spermatozoa 

was always preceded by coagulation of the diluent due to an 

enzyme present in the secretion of Cowper's gland in the goat 

which acts specifically on egg yolk. Gotze and Rosenberger (1944) 

used a glucose phosphate solution as a medium for goat semen and 

obtained good results. 

Very satisfactory results with frozen bull semen are ob-

tained with milk diluents in routine insemination work (Macpherson 

and Henderson, 1953) and there would seem to be a good case for the 

use of this medium in caprine inseminations because of its greater 

availability, cheapness, simplicity of preparation, and the reports 

which have been published on its successful use in goats (Dauzier 1956, 

Bielanski 1954). 

Even when inseminations are carried out with undiluted semen, 

some period of cooling and storage is customary. Mockel (1937) 

stated that an interval of 6 to 8 hours between collection and insem-

ination of undiluted semen may be permitted. He estimated that the 

optimal storage temperature is in the region of 1 to 2 degrees 

centigrade. Schmidt, Dietz and Weiss (1950) recommended that undilut-
/O o ed semen be stored at a temperature of 6 C to 12 C, and mentioned 
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the need for gradual cooling. Wagner (1949) also stressed the 

need for care in cooling goat semen since it seems to be more 

susceptible to cold shock than is bull semen. Bielanski (1954) 

described artificial insemination in goats with undiluted semen 

but the storage period was minimal and, in the peak breeding 

season, collections were made 2 to 3 times per day. The longest 

periods of retained fertility in stored liquid samples have been 

reported by Yoshioka, Inudo and Torizuka (1951). They claim to 

have kept semen fertile over a period of 168 hours of storage. 

Blokhuis (1957). describing the practical use of artificial 

insemination in goats, recorded that semen used on the day of 

collection resulted in a higher conception rate than did semen used 

1 to 3 days after collection. 

With regard to literature reports on deep freezing of goat 

semen, a peculiar situation exists. In spite of an early report, 

(smith and Polge 1950) on the successful recovery of motile goat 

spermatozoa after freezing to -79°C there has been no report of sat-

isfactory insemination results. When Smith and Polge reported on the 

successful recovery of motile goat spermatozoa after freezing they 

pointed out that the fertility had not been checked by insemination. 

Hiring the intervening years a certain amount of work has been done 

on the freezing of goat semen, but no report has appeared of satis-
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factory results in an insemination trial using frozen semen. 

Barker (1957) reported results "too low to be of practical value" 

as did Liess and Ostrowski (i960) who obtained only 13 pregnancies 

in a trial with 99 females. The latter workers remark that their 

results agree with those of other researchers and consider them 

too poor to have practical application. Several unsuccessful 

trials of artificial insemination in goats with frozen semen are 

known to have been made, but the details of these trials have not 

been published. 

It would seem that a similar situation exists in sheep. 

Emmens and Blacks haw (1955) describe good motility in ram semen after 

freezing, but a fertility rate of only 5% in insemination trials. 

Terrill (1952) also reports on poor artificial insemination results 

in sheep with frozen semen. 

It is apparent that the universal failure to establish a 

satisfactory procedure for freezing goat semen so as to retain its 

fertility is a particularly challenging problem. In fact it is 

becoming obvious that a solution of this problem must precede any 

widespread application of artificial insemination in goats. 
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MATERIALS AND METHODS 

(a) Experimental Animals 

The semen was obtained from the buck goats used in the 

behaviour studies of Part I of this thesis. In addition one 

Toggenburg named BUR, aged 4 years, provided one semen sample for 

a freezing trial. The females used during the insemination trial 

towards the termination of the study were 6 Saanen does. They 

varied in age from one year to four years and the basis of their 

selection was that they were available does in the Ontario Veteri-

nary College herd and came into oestrus during the period when the 

freezing trial was being conducted. 

(b) Assessment of Semen Characteristics 

The evaluation of semen samples requires that each 

sample be examined as quickly as possible after collection for a 

proper assessment of motility. In this study the assessment was 

made by direct microscopic examination of a drop of semen on a slide 
o 

warmed to approximately 37 C, low-power (x80) magnification being 

used. Motility was rated, according to the scale described by Swan-

son and Herman (1944), from 0 to 5. with 5 as the rating for the 

highest degree of motility, i. e. rapidly moving waves and eddies, and 

1 as the rating for the lowest degree of motility. Samples without 

any motility were rated as 0. 
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The volume of the pipetted sample was noted before 

determining the density. The concentration of spermatozoa was 

calculated by the photelometer method as described by Willet and 

Buckner (1951). At the commencement of the study several semen 

samples of varying density were estimated for spermatozoan con-

centration by using both the haemocytometer method, Herman and 

Madden (1953)* and the photelometer method. The comparison of these 

estimations showed that the Table of Photelometer Readings and Sperm 

Numbers established by the American Foundation for the Study of 

Genetics and used routinely for estimating spermatozoan concentration 

in bovine semen was valid also for goat semen. 

After the photelometer reading had been taken a wet smear 

was made with a drop of diluted semen taken from the absorption cell. 

The smear was examined microscopically under low (x80) and high power 

(x320) magnification to observe sperm morphology. All collections 

were examined morphologically in this fashion and in addition, at 

monthly intervals, smears made of samples from all bucks were fixed 

and stained with Rose Bengal 3% aqueous solution. These stained 

specimens were studied and filed to provide year-round semen records 

of the bucks. 

The morphology of every semen sample was noted with regard 

to the total percentage of abnormal forms and the percentage incidence 

of the various pathological forms. 
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(c) Deep Freezing 

Sterile Skim Milk prepared by the method described by 

Macpherson (1960) was used as the standard semen diluent in all 

semen freezing experiments. With the exception of unglycerolised 

controls, semen to be frozen was glycerolised. The glycerol was 

added to milk at a concentration volume for volume (v/v) exactly 

double that intended to be present in the frozen sample. The 

varying concentrations of glycerol which were studied ranged from 

0% to 24% v/v in the frozen samples. 

Samples of semen for freezing were diluted initially with 

sterile skim milk and this diluted sample was then divided into 

several samples of equal volume which were treated by different 

methods. The second dilution was made by the addition of skim milk 

which contained glycerol in various concentrations. For the control 

sample this second dilution was made with sterile skim milk without 

glycerol. The volume added at the second dilution was equal to the 

volume added at the first dilution. 

The first dilution was always made after the collected 

ejaculate had been assessed and placed in a test tube in a water-

bath at 37°C for five minutes beside a flask of the skim milk 

diluent to be used in the dilution. This ensured that the semen and 

the diluent were at the same temperature when the addition was made. 
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The addition was made slowly by pouring milk diluent into the 

semen, then pouring the mixture back into the flask of diluent. 

The volume of diluent in the flask was of course decided upon and 

measured out before being placed in the water-bath. 

Before the second addition of diluent the diluted semen 

was divided into various samples of equal volume and placed in 

beakers at the temperature of the diluent. This was either room 

temperature or refrigerator temperature. 

The divided samples were left in the refrigerator at 4°C, 

beside the measuring cylinders of milk diluents containing the 

various concentrations of glycerol which were later to be added. 

All these samples were left standing together for sufficient time, 

usually an hour, to ensure that all had been brought to the same 

temperature. 

At the second dilution the proper volume of diluent to be 

added was drawn into a pre-cooled measuring pipette, stored until 

then in the same refrigerator, and added to the mixture of semen and 

skim milk. The addition was made by allowing drops to run from the 

pipette slowly, while swirling the sample. 

Glass vials of 2 ccs. capacity identified by code numbers 

were cooled along with the samples and diluent. To each of these 

vials was added 1 cc. of the diluted semen, after the second 

dilution had been made. 
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The filling was done by pipetting. As before, the 

pipettes had been stored previously in the refrigerator. 

This procedure ensured that, from the time of collection 

until the small vials were ready to be sealed, the semen was 

steadily cooled from 37°C to 4°C, without beii^ in contact with any 

agent which was not at the same temperature at the time of such 

contact. 

After the vials were filled, they were removed from the 

refrigerator in small lots, in trays, and sealed by heating and 

drawing the neck of the vial in the multi-jet, fan-shaped flame of 

the burner. After each small tray of vials had been sealed, it was 

returned immediately to an environment of 4°C. The samples, now in 

sealed vials, were ready to be frozen, but in some instances a pre-

determined period of time was allowed to elapse before the sample 

was further processed. This period of time, (the equilibration 

period) is generally included in the processing of bull semen prior 

to freezing. 

The equilibration periods which were investigated, ranged 

from the least possible (10 minutes) to 24 hours. In one series of 

freezing trials an equilibration period of approximately one hour 

was created by the duration of the vial-filling and sealing operation 
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and subsequently, by a very slow rate of temperature fall at the 

outset of the freezing process which involved a period of 30 
o o 

minutes as the temperature was reduced from +4 C to 0 C. This 

equilibration period was therefore enforced by the processing 

procedure but none-the-less can be considered as an equilibration 

period. This type of equilibration period will be mentioned in a 

subsequent section of this work. 

At the start of the freezing part of the process, the 

vials were transferred from the small trays in the refrigerator at 

4°C to a wire basket immersed in alcohol at 4°C in a gallon-sized 

thermos flask. The level of the alcohol was such that all but the 

tips of the vials were submerged. A thermometer with a scale read-

ing from +40°C to -100°C was inserted in an upright position among 

the vials. 

Solid carbon-dioxide was added carefully, in small chips 

at the outset, so as to reduce the temperature of the alcohol at a 

pre-determined rate to -79°C (approximately). At this point the 

freezing process was complete and the vials of frozen semen were 

either stored in the thermos flask by keeping the latter well filled 

with solid carbon-dioxide or transferred to one of the large storage 

tanks maintained at the semen freezing laboratory at the Ontario 

Veterinary College for the storage of frozen bull semen, (Henderson, 

Macpherson and Snyder, 1956). 
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On removal from storage for evaluation all samples, 
o after careful drying, were thawed at a temperature of 37 C. 

This evaluation was made by estimating the percentage of progress-

ively motile spermatozoa per field, several fields being examined. 

Progressively motile spermatozoa were considered to be those which 

moved rapidly in a forward direction. All recovery rates of frozen 

semen samples are therefore given as percentages of spermatozoa 

showing such motility. 

The rates of freezing employed in the experiments were of 

three principal types viz. (a) a fast rate, (b) a standard rate, 

and (c) a slow rate. 

(a) The fast rate was established by plunging the vials at +4°C 

into alcohol at -79°C. 

(b) The standard rate was that described by Macpherson (1960a), 

which involved a temperature drop as follows: 

+5°C to -10°C l°C/minute 

-10°C to -17°C 2°C/minute 

-17°C to -78°C 4°C/minute 

(c) The slow rate, developed in this present study, involved a 

drop as follows: 



78 

It will be seen that this slow rate involved a very 

gradual initial drop to -5°C. Thereafter the rate of temperature 

fall paralleled the standard rate. 

(d) Insemination Procedure 

The method of insemination adopted, was that employed very 

recently in Germany in the routine use of liquid goat semen (Herchen 1960). 

The oestrous doe was held by a neck chain and her hind quarters raised 

sufficiently high for her hind feet to be free of the ground by a few 

inches. This was done by making a simple sling arrangement with a 

rope which passed between the doe's hind legs and was tied over the 

back region. The other end of the rope was passed over a low beam 

and pulled until the animal was raised. With small yearling does the 

insemination pipette, into which had been drawn the 1 cc. sample of 

thawed semen, was passed "blindly", but with care, into the vagina 

until the tip of the pipette contacted the cervix. The semen was then 

expressed from the insemination rod by pressing the attached syringe. 
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With fully mature does, a plastic cold-light speculum was 

inserted into the vagina and the cervical orifice illuminated. 

The insemination rod was passed through the speculum and its 

tip pushed part-way into the cervical canal before the semen was 

expressed. After the insemination had been done, the doe was held 

with her pelvis elevated for about a minute so that the os uteri 

might be bathed in the semen. 

An attempt was made in every case to carry out an 

insemination about 8 hours after the first signs of oestrus were 

observed in the subject. In those subjects in which oestrus was 

still evident 12 hours after insemination, a second insemination 

was performed. This second insemination was required in four of 

the six does. 

(e) Pregnancy Diagnosis 

Pregnancy diagnosis by radiological examination was done 

on each of the six does by the Radiology Section of the small 

Animal Division of the Ontario Veterinary College. The radiological 

examinations were made 60 - 73 days after the insemination. 
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EXPERIMENTS 

The investigation into the problem of establishing a 

method for freezing goat semen satisfactorily consisted of eight 

experiments. 

Experiment 1 

In this experiment semen was collected from buck no. 29, 

diluted 1 to 20 with sterile skim milk diluent at room temperature 

and then refrigerated for three hours. It was then mixed with 20% 

glycerol in milk, in equal parts, to give a final concentration of 

10% glycerol in milk and a final dilution of semen in diluent of 

1 to 40. Eight vials were frozen after a 1 hour equilibration 

period. The rate of freezing was the standard rate. 

The experiment was carried out on the 23rd September, 1960, 

the earliest estimated date of the breeding season, and the object 

was to observe the survival of the semen throughout a storage period 

of one breeding season, see Table 15* 

Experiment 2 

Semen was collected from buck no. 29, added to 60 cc's sterile 

skim milk and refrigerated at +4°C. The diluted semen was measured 

out in 10 ccs. units and put in six containers. To each of these con-

tainers was added a further 10 ccs. of varying percentages of glycerol 
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to give final concentrations of 0, 3* 6, 9, 12, and 15 percent 

glycerol in milk and semen. The six containers with the diluted, 

glycerolised semen were stirred and the semen put into vials 

suitably marked. The vials were sealed and returned to the re-

frigerator to allow the temperature of the samples to return to 

4°C. After this, freezing was undertaken at 4-hourly intervals, 

one vial of each different glycerol concentration being included 

in each separate freeze. Five freezing trials were conducted, 

(see Table 16). 

Experiment 3 

A collection was taken from buck no. 28 which was glycerol-

ised in a method similar to that already described, but different in 

that the final concentrations of glycerol percentage in the samples 

were 0, 1. 5. 3. 4. 5, 6, 7*5. and 9* Freezing trials were conducted 

after the following equilibration periods: 0 hours, 4 hours, 8 hours, 

12 hours, 20 hours, end 24 hours and, as before, one sample of each 

concentration of glycerol was included in each trial, (see Table 17). 

Experiment 4 

A sample of semen was obtained from buck named BUR and 

glycerolisation was carried out, in a manner similar to that employed 

in experiment 2, to give final glycerol concentration of the 
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following percentages: 0, 3t 9, 12, and 15. Freezing trials 

which included one sample of each concentration of glycerol 

were conducted after the following hours of equilibration: 1, 4, 

9, 12, and 24, (see Table 18). 

Experiment 5 

In this experiment semen from buck no. 28 was collected, 

diluted and put in six beakers at room temperature. Varying glycerol 

concentrations at room temperature were then added to the diluted 

semen giving final concentrations of 0, 2, 4, 6, 8, 10, and 12 per-

cent of glycerol. The semen was immediately put in vials at room 

temperature, and sealed. One sample of each concentration of 

glycerol was immediately put through the freezing process so that 

virtually no equilibration period occurred. The other vials were 

refrigerated at 4°C and were frozen in batches after the following 

periods of equilibration: 0, 4, 8, and 12 hours, (see Table 19). 

Experiment 6 

Buck no. 28 provided the semen for this experiment in which 

the collection was diluted at room temperature with sterile skim milk, 

refrigerated for half an hour, then glycerolised to give concentrations 

of the following percentages of glycerol: 0, 4, 8, 12, 16, 20, and 24. 
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Freezing was carried out hourly for the first 4 hours of the 

equilibration period and then at a 12 hour equilibration period. 

This experiment was undertaken to investigate the possibility of 

very brief equilibration periods being suitable, (see Table 20). 

Experiment 7 

Semen was collected from buck no. 29, placed in a water-

bath at 30°C along with the diluter. The semen was diluted after 

15 minutes and placed in the refrigerator at 4°C. After 30 minutes 

cooling the glycerol was added making a final dilution of 1 in 10 

semen in diluent, and a final concentration of glycerol of 6%. 

After the semen was placed in vials and sealed and allowed a 45-

minute equilibration period it was frozen in conjunction with a 

batch of bull semen samples in the mechanical freezing apparatus of 

the Animal Reproduction laboratory, (see Table 21). 

Experiment 8 

Semen was collected from buck no. 28, placed in a water-

bath for five minutes at a temperature of 35°C beside a test tube 

of milk and a test tube of l4% glycerol in milk. The milk and semen 

were then mixed. The test tube of semen plus milk and the test tube 

of glycerol plus milk, still in the beaker of warm water were taken 

out of the water-bath and the beaker placed in the refrigerator at 

4°C. The two test tubes were left for one hour and then mixed gradually. 
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Pre-cooled vials were filled, sealed and returned to the refri-

gerator for 10 minutes to ensure a return of the samples to 4°C. 

Three samples were then frozen by each of four separate rates of 

freezing viz: 

(a) Freezing by immediate immersion in alcohol at -79°C. 

(b) A rapid rate of freezing in which vials were firstly covered 

with powdered dry ice for a period of 5 minutes and thereafter 

immersed in alcohol at -79°C. 

(c) The standard rate of freezing. 

(d) A slow rate of freezing which involved a very slow drop in 

temperature between 4°C and 0°C. One effect of the latter was 

to provide an extension to the equilibration period within the 

freezing process. 

The results are shown in Table 22. 

It was considered necessary as a further experiment to 

examine the fertility of frozen semen. This experiment was the 

insemination trial which was conducted during December 1960. Six 

does were used, these being all which showed oestrus during the 

period of the trial. 
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RESULTS 

The one year study of semen did not result in any 

evidence of seasonal differences in volume, motility or density 

becoming apparent. These factors were fairly consistent from 

one collection to another throughout the year, although there was 

a tendency for the concentration of spermatozoa to be less in 

second ejaculates at any time. Table 13 is a summary of the semen 

characteristics for each buck. 

There was a suspicion of a seasonal effect, however, 

during April and May when the morphology deteriorated very consi-

derably in 4 out of 7 subjects. Three of these subjects ejaculated 

semen throughout that period which contained less than 55% normal 

spermatozoa. By the end of June all, these subjects were again 

giving semen which was considered to be 75% normal and, apart from 

one exception, showed no subsequent fall in semen quality through 

to the start of the next breeding season. 

Of the 4 which showed this change in semen picture over 

the 2 to 3 month period, 2 were indoor subjects and 2 were out-door 

controls, a fact which was considered to incriminate a seasonal 

effect more than a managemental effect. 

The studies on sperm morphology showed that the abnormal 

forms encountered in goat semen could be listed as follows: 
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TABLE 

SUMMARY OF SEMEN CHARACTERISTICS 
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shepherd's crook forms, coiled tail forms, sickle-like forms, 

scythe-like forms, broken necks, detached heads, microcephalic 

sperms, macrocephalic sperms, pyriform heads, globule heads and 

cytoplasmic droplets on body or tail. These have been grouped 

in Table 14 which shows the percentage of each abnormal form for 

each buck and for the entire group of 7 bucks. The total percen-

tage of abnormal spermatozoan forms, for the entire group over a 

twelve month period, was 13. 6%. The percentage of abnormal forms 

from each buck ranged widely from 5. 9% to 29. 2%. 

The percentage figures in the table 34 were converted to 

Snedecor's angles (Snedecor 1956), and an analysis of variance 

test was performed from the data. This test established that 

separated heads and tails, sickles and scythes and shepherd's crooks 

were significantly more numerous than other abnormal forms, (P < . 01). 

Among the former abnormal types separated heads and tails 

were significantly more numerous than sickles and scythes, but no 

more numerous than shepherd's crook forms. It can be concluded 

that detached heads and shepherd's crooks were the most numerous 

abnormal sperm forms observed in this group of 7 goats over a period 

of a year. 

The results of the freezing experiments are tabulated in 

Tables 16 to 21. The results of the freezing experiments are now 

considered together with regard to the three principal factors being 
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TABLE 14 
SUMMARY OF PERCENTAGE ABNORMAL SPERM 
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TABLE 15 

EXPERIMENT 1 

STORAGE TRIAL OVER A THREE MONTH PERIOD 
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TABLE 16 
RESULTS OF FREEZING TRIALS IN EXPERIMENT 2 

SHOWING % SPERMATOZOA SURVIVING 
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TABLE 17 
RESULTS OF FREEZING TRIALS IN EXPERIMENTS 3 

SHOWING % SPERMATOZOA SURVIVING 
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TABLE 18 
RESULTS OF FREEZING TRIALS IN EXPERIMENTS 4 
SHOWING % SPERMATOZOA SURVIVING 
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TABLE 18 

RESULTS OF FREEZING TRIALS IN EXPERIMENTS 4 
SHOWING % SPERMATOZOA SURVIVING 
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TABLE 18 
RESULTS OF FREEZING TRIALS IN EXPERIMENTS 6 
SHOWING % SPERMATOZOA SURVIVING 
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TABLE 21 
EXPERIMENT 7. THE STANDARD RATE OF 

FREEZING BULL SEMEN APPLIED TO GOAT SEMEN 
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studied, namely (a) glycerol concentration, (b) equilibration 

period and (c) rate of freezing. 

(a) Glycerol concentration 

In the experiments to ascertain which concentrations 

of glycerol in the finally prepared samples gave best recovery 

rates after freezing and thawing, concentrations ranging from 0% 

to 24% v/v were used. With every batch frozen, samples containing 

0% glycerol were included as controls. Without exception the 

control samples gave the poorest recovery rate in each freezing 

trial and in fact these samples were found to contain, in most 

instances, no live spermatozoa at all. In each freezing trial 

different vials, each containing a different concentration of gly-

cerol, were processed together, thawed together and examined quickly 

one after another for an assessment of the average percentage of 

progressively motile spermatozoa per field. 

In a simple overall assessment of the results, one point 

was given to the highest rated sample in each separate freezing 

process. These points were tallied according to the following class 

marks of percentage glycerol concentration: 0, 3. 6, 9. 12, 15. 

over 15* The results shown in the histogram in Figure 3 favour 6% 

glycerol. 
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In addition to this appraisal of the freezing trials a 

closer examination of the results was made in several experiments 

through an analysis of variance. 

In experiment 2 an analysis of variance showed that the 

estimated percentage of progressively motile spermatozoa in samples 

containing 6% and 9% glycerol was significantly greater (P < . 03) 

than samples containing less than 6% or over 9% glycerol. 

Results were similar in experiment 4, in which an analysis 

of variance showed that the estimated percentage of progressively 

motile spermatozoa in samples containing glycerol was significant-

ly greater than samples containing less than 6% glycerol (P < . 05). 

In experiment 3 the statistical test, again by analysis 

of variance, showed that estimated percentage of progressively 

motile spermatozoa was not significantly different (P < . 05) in 

samples containing 6%, 7*5%. and 9% glycerol. 

(b) Equilibration period 

It was seen in experiment 3 that the recovery of sperma-

tozoa on thawing after freezing was better with an equilibration of 

8 hours to 24 hours, than with shorter equilibration periods. An 

analysis of variance test in this experiment showed that the longer 
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equilibration period (8 hours or more), yielded percentages of 

progressively motile spermatozoa in frozen samples which were 

highly significantly greater than the percentages of progressively 

motile spermatozoa recovered from frozen samples treated with the 

shorter equilibration period (less than 8 hours), (P < . 01). 

In experiment 5 it was again seen that significantly 

better freezing results (P < . 01) were obtained in samples with an 

equilibration period (4 hours or more) than in matching control 

samples untreated with an equilibration period (immediate freezing). 

Very poor results were always obtained when freezing was 

carried out as quickly as possible after glycerolisation, that is 

without an equilibration period. However, although the shorter 

equilibration periods gave poorer recovery rates than the longer per-

iods, it was seen in experiment 6 that, within the shorter equilibra-

tion times, one to four hour periods were not apparently different 

to each other and furthermore other results in these periods with 

6% to 9% glycerol, were quite fair. 

It was therefore considered that some equilibration period 

was necessary to obtain satisfactory recovery rates, but although 

the longer periods gave better results, the shorter periods gave 

results which were not altogether unsatisfactory from the standpoint 

of percentage of motile spermatozoa. 
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(c) Rate of freezing 
In experiment 7 freezing was carried out using the 

Ontario Veterinary College standard rate of freezing bull semen. 

A recovery of 10% progressively motile spermatozoa was obtained, 

which compared very unfavourably with 60% progressively motile 

spermatozoa in the unfrozen control. In experiment 8 other 

rates of freezing were investigated, namely a faster rate, a 

slower rate, a standard rate, and a control method of instantan-

eous freezing. The quick method was done by immersing vials in 

powdered dry ice for several minutes and thereafter immersing them 

in alcohol at -79°C. Instantaneous freezing was done by plunging 

the vials at +4°C into alcohol at -79°C. The slow freeze was done 

by immersing vials at 4°C into alcohol at 4°C in a thermos flask 

and, by the very slow addition of dry ice particles bringing the 

temperature of the alcohol down to 0°C over a period of 30 minutes. 

The rate of cooling in this process is given in Methods and is 

also shown in Figure 4, as is the rate of freezing by the standard 

method. 

An analysis of variance, with a single basis of classifi-

cation, which was performed with the data in Table 22 showed that 

the recovery of spermatozoa from the slow rate of freezing was highly 

significantly greater than any other method (P < . 01). 
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TABLE 22 

% OF SPERMATOZOA RECOVERED AFTER FREEZING 

AT VARIOUS RATES IN EXPERIMENT 8 
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TABLE 23 
INSEMINATION RESULTS WITH FROZEN GOAT SEMEN 
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Experiment 1, on storage, showed that the frozen semen 

diminished slowly in quality from 20% progressively motile sperma-

tozoa on the day after freezing to 10% progressively motile sperma-

tozoa three months later, by which time all the samples had been 

utilised. 

In the insemination trial it was found that, of the 6 

does inseminated, 5 conceived at the first insemination. The 

remaining doe was inseminated in two oestrous periods 18 days apart, 

but failed to conceive. The results of the insemination trial are 

shown in Table 23. 
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DISCUSSION 

The average ejaculated volume observed in the bucks 

in this trial was very similar to most others reported and is 

almost identical to the only previous North American report by 

Eaton and Simmons (1932), see Table 13. Average semen density, 

as it occurred in this study, is also remarkably close to that 

observed by Eaton and Simmons (1952). Motility also seems to be 

very similar to descriptions in other reports. 

The morphology of goat semen has been mentioned as the 

most variable semen characteristic in other reports. Reports of 

percentages of abnormal spermatozoa in apparently fertile subjects 

range from 2. 75% to 39%. The average in this study lies between 

that described by Rollinson (1950) and that described by Zacharias 

(1953). see Table 14. The latter's report on morphology is the 

most detailed available and his findings are very similar to those 

reported here. Detached heads are said to be the most common and 

apparently loop-like forms are next in frequency. 

The frequency of detached heads warrants consideration. 

It is commonly considered that separated heads and tails represent 

artificially created defects, and thereby indicate injurious treat-

ment of the semen prior to its examination. In this present work 

the greatest possible care in handling could not eliminate or 
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apparently reduce the occurrence of separated heads and tails. 

Furthermore, some samples containing a large number often had 

been collected and handled in an apparently identical fashion to 

other samples being examined at the same time which showed no 

such abnormal forms. Some bucks had much larger numbers than 

others, with a range of. 5% to 12. 3% (Table 14). 

One is finally forced to the assumption that goat semen 

shows this abnormality as a true character and, even if it is 

induced by the normal methods of handling, it is not so much an 

artificial defect as an indication of a peculiar fragility in goat 

semen. Whether this fragility reveals a weakness in the neck, or 

a stage of spermatozoan disintegration, perhaps through an aging 

process, is another matter and one which could not be answered in 

this study. 

The failure of this study to establish clear seasonal 

differences in semen characteristics is not surprising, since those 

reports which mention seasonal changes are contradicted by others. 

For example, the summer volume is reported to be greater than the 

winter volume by Sharma, Suri and Vali (1957). but no other report 

supports this. Again, the motility of goat semen is reported by the 

same authors to be greatest in autumn and least in winter whereas 

Dussardier and Szumowski (1952) failed to find any significant 

seasonal difference in motility. 
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No one has attempted to show a seasonal change in 

morphology, yet it is this characteristic which shows the greatest 

variation in all reports. The observations of this study suggest 

a slight seasonal change in morphology but this is by no means 

confirmed. 

One could conclude that, if seasonal changes occur in 

goat semen characteristics at all, then these changes are not con-

stant, do not affect all characteristics, and have only a minimal 

occurrence. 

The results of the insemination trial were very satisfac-

tory and considerably better than any others reported. It is felt 

that these findings of the deep freezing experiments and the 

insemination trial provide various reliable pointers to a suitable 

routine technique for the deep freeze processing of goat semen. 

These are enumerated as follows: 

(1) The slight inherent weakness of goat spermatozoa, particularly 

in the neck region, has already been considered and it seems that 

there is enough suspicion of fragility as a feature of goat sperma-

tozoa to justify the use of all possible care in collection and 

laboratory techniques. Particular attention should be paid to the 

dilution stages in processing where risks of temperature shock lurk. 
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(2) The reports in the literature which mention excellent insem-

ination results with liquid or even raw semen, when performed 

sufficiently early after collection, would seem to provide the 

most valuable clue to the advantage of quick processing. A 

speedy technique is obviously of great importance in processing 

goat semen. The prime object would seem to be to keep the period 

between collection and freezing down to a minimum, but with certain 

restrictions. Processing obviously should not be so rapid as to 

prejudice the viability of the somewhat delicate goat spermatozoon, 

nor should it be so fast as to eliminate an equilibration period 

entirely. 

The necessity of prompt processing can be considered with 

a concept of in vitro aging of spermatozoa. It is common knowledge 

that, in the semen of any species, fertilising capacity is lost 

through aging before motility is lost. This is perhaps best seen 

in bulls' spermatozoa, where motility in a semen sample can still be 

observed after two or even three weeks of storage, whereas it is 

common knowledge that, for all practical purposes, such semen would 

have lost its fertilising capacity after one week. So it must surely 

be in goat semen, and if in vitro aging in this species is a more 

rapid process, as it seems to have been shown to be by the many 

reports of lost motility after only four to seven days of storage, 

then fertility will also be correspondingly short-lived. 
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The principal purpose in the freezing of semen is to 

halt aging processes so as to retain fertility during storage. 

The value of early freezing in an early aging semen, as goat 

semen might be called, is obvious. This has some technical 

implications, e. g. the laboratory preparations should be complete 

before the collection is made and the buck must be located close 

to the processing establishment, to obviate loss of critical time 

in shipping and preparation. 

(3) The results have established that some delay in processing, 

through the need for an equilibration time, is unavoidable. It 

appears that the shortest equilibration period which could be 

advocated would be one hour. 

(4) The disadvantage of this delay can be overcome to some extent 

by the use of a "built-in" equilibration period in the freezing 

process. This is exactly what is achieved by the slow rate of 

freezing, which must be advocated on the basis of the results. It 

allows a lapse of 30 minutes during the temperature decline from 4°C 

to 0°C, and another similar delay before -10°C (see Figure 4) is 

reached. 

The initial gradual cooling, in addition to providing 

equilibration, also must minimise cold shock occurrences. More than 

one report has mentioned 1°C as a suitable storage temperature for 
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liquid goat semen, an observation also made in a liquid storage 

trial at the outset of this study, so it would seem that there 

is no need for sperm damage to occur through quick temperature 
o 

change, at least before 1 C is reached. 

The semen used in the insemination trial was in all 

cases prepared with a brief equilibration period. No sample was 

more than four hours old at the time of freezing and, in fact, 

most samples were from one processing which had been completed 

within hours of the semen collection. The rate of freezing 

for this latter processing was the slow rate shown in Figure 4. 

The rate of freezing employed in the preparation of the other semen 

used, was the routine one for bull semen freezing. In passing it 

is felt that one comment on insemination procedure might be 

warranted. Almost all reports of artificial insemination in goats 

which mention the quantity of semen used for an insemination, des-

cribe semen doses of 0. 5 ccs., or even less. The justification in 

using such a small dose, with the risk of its expulsion attendant 

with the cervical or vaginal insemination technique is not apparent. 

One cc. doses would seem to be much more suitable and are certainly 

easier to handle in the field, and to measure in the laboratory. 

Dilution, of course, can allow of this being done without the usage 

of greater numbers of spermatozoa per insemination. 
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The use of frozen semen in the practice of artificial 

insemination of goats would seem to be a very close possibility. 

The results of the insemination trial would, of course, require 

to be upheld in a larger field trial, and this would seem to be 

the obvious work to be done as a sequel to this work. 

Establishing a case in support of the value of artificial 

insemination in livestock would be quite superfluous. But if 

artificial insemination is to be practised in goats universally, 

and in Canada in particular, then liquid semen cannot be used in 

many instances. The combined difficulties of wide geographical 

dispersal of herds and the apparent need for recently collected 

semen ensure this. Frozen semen is the obvious answer to the problem. 

Taking the long range view of a possible application of 

these findings it seems that a solution to the still unsolved pro-

blem of using frozen semen in sheep breeding (First et al., 1961a 

and 1961b) might be contained in the results of this project. 

Certainly, the two problems of deep-freezing goat semen and deep-

freezing sheep semen are very similarly represented in the 

literature. However no more than this brief suggestion of such a 

possibility is warranted at the present time. 
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SUMMARY 

Semen studies were carried out on 10 male goats, with 

continuous observations on 7 of these from October 1959 to 

December 1960. The studies centred on semen production, deep-

freezing experiments, and an insemination trial. 

Seasonal variation was not observed in most semen charac-

teristics. Density was a very consistent characteristic which varied 

little and the average concentration of spermatazoa per cc. of semen 

was 2,597 million spermatozoa. Volume varied considerably from 

subject to subject with an average of 0. 7 cc. and an average range 

of 0. 1 to 3*5 cc. The motility was fairly characteristic for each 

subject, a modal rating being quite apparent for each buck over the 

period of the observation, the modal rating for the group being 4. 

Morphology deteriorated to some extent during May and June 

and it is thought that this might be evidence of a seasonal effect on 

goat semen. The most common abnormal sperm forms observed were 

detached heads, looped tails (shepherds' crooks), and crooked tails 

and bodies (sickles and scythes). Abnormal sperms averaged 13*6% in 

the group and ranged from 5. 9% to 29*2% among the individual bucks. 

Freezing experiments were conducted to investigate an opti-

mum level of glycerol, a suitable equilibration period and a satis-

factory rate of freezing. Sterile skim milk was the diluent used 

throughout. The optimum concentration of glycerol in samples, at 
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the time of freezing, was observed to be within the range of 6% 

to 9% v/v, and this level was found to be highly significantly 

better (P <'0 1) than any other level. It was observed that equi-

libration gave results which were highly significantly better than 

when no equilibration period was allowed. Equilibration over a 

period of four hours was better than a shorter equilibration period. 

Nevertheless a short equilibration period was decided upon in an 

effort to eliminate the possible loss of fertility through in vitro 

aging of spermatazoa. A rate of freezing was selected which had a 

very slow initial fall in temperature, but which followed the stan-

dard rate of freezing from -5°C to -79^C. 

Semen samples were frozen by a process embodying these 

selected features of 6% - 9% glycerol, hours to 2 hours equilibra-

tion, and a rate of freezing with an extremely slow decline from 

+4°C to 0°C, becoming faster till the customary rate of freezing was 

reached. This semen was tested for fertility through an insemination 

trial on six does, 5 of which conceived at the first insemination. 
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