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Studies presented in this thesis investigated altemative extender-cryoprotectant combinations for 

semen preservation in red deer (Cervus elaphus) and fallow deer (Dama dama). Semen was 

collected by electroejaculation under anaesthesia and pooled from four red deer stags and four 

fallow deer bucks. The ejaculated semen was diluted to a final concentration of lOOx106 

spermlml in sodium citrate, tris citrate, skim milk, lactose and ram synthetic based extenders, 

with glycerol, propan-l, 2-diol (PROH) and dimethyl sulphoxide (DMSO) cryoprotectants at 

two concentrations, undiluted (U) and ha1f dilution (0.5D). Semen was frozen in 0.25 ml straws 

in an automated chamber freezer and stored immersed in liquid nitrogen. In vitro laboratOlY 

evaluation of frozen-thawed semen involved the recording of motility and progressive motility of 

sperm by phase contrast microscopy over a 4 hour incubation period at the equivalent rectal 

body temperature of female red and fallow deer. Post-thaw (t=O) acrosomal status and sperm 

morphology were determined by histology using phase contrast optics. 

Red deer semen gave the highest post-thaw motility (56.7±8,4%) and incubation performance 

with tris citrate-glycerol (O.5D) extender. Glycerol was the overall optimum cryoprotectant at 

the undiluted concentration for both deer species, the above being the only exception. Lactose 

glycerol (U) was the superior extender buffer (p<O.OOI) for the maintenance of acrosomal 
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integrity of both red and fallow deer semen. Skim milk: glycerol (U) gave the highest motility 

(76.7±8.0%) (P<O.OS) for the post-thaw and initial 2 hours of the incubation period for fallow 

deer. There was no treatment effect on sperm morphology for both deer species. 

The second part of the thesis involved in vivo evaluation of the two optimal extender

cryoprotectant combinations, with the sodium citrate-glycerol (U) extender as the basis for 

comparison. A total of 20S mixed aged red deer hinds across 3 fanns were randomly allocated 

into 3 treatment groups. All hinds were synchronised with progesterone-containing controlled 

internal drug re1ease (CIDR) devices for 12 days, with device renewal on Day 8. A total dosage 

of 200 iu pregnant mare semm gonadotrophin (PMSG) was administered at device withdrawal 

and laparoscopic intrauterine AI was performed S6 h post-CIDR device withdrawal. 

Conception rates, assessed by rectal ultrasonography on Day 4S, were similar across the three 

extender treatments, sodium citrate (SO.3±6.S%), tris citrate (SO.3±6.S%) and lactose 

(40.S±6.S%). The poor performance of the tris citrate extender on one falm (33.3%) and 

lactose extender on another (37.2%) resulted in a farm by treatment interaction (P<O.lO). 

For fallow deer, a total of 278 mixed aged does across 3 farms was randomly allocated into 3 

treatment groups, sodium citrate, skim milk: and lactose. Oestrus was synchronised using CIDR 

devices for 14 days, with laparoscopic intrauterine AI perfOlmed 70 h post-CIDR device 

withdrawal. Conception rates ranged from 64.9±4.9% (sodium citrate) to 71.2±4.6% (lactose) 

(P>O.10) , with a genotype effect (P<O.OS) favouring the % Mesopotamian genotype 

(7S.7±6.S%) versus the European does (61.1±4.9%). There was an inseminator effect (P<O.OS) 

with one inseminator achieving very high conception rates with the % Mesopotamian does 

(83.3±5.8% ). 
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In summary, the evaluation of semen in vitro identified alternate extender-clyoprotectant 

combinations which improved semen pre...,ervation for red and fallow deer, however these 

differences were not reflected in conception rates to AI. 

Keywords: red deer, fallow deer, Cervus elaphus, Dama dama, semen, cryopreservation, 

extenders, cryoprotectants, acrosome, morphology, artificial insemination. 
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CHAPTER ONE: 

INTRODUCTION 

Interest in the application of reproductive technology for cervid species has increased greatly 

over the past decade. Artificial insemination, with the purpose of rapid dissemination of valuable 

genetic material from male red deer (Cervus elaphus) and fallow deer (Dama dama) deer has 

had a widespread application in New Zealand (Kelly and Moore 1981; Haigh and Bowen 1991; 

Asher et al. 1992b). 

Artificial insemination is a cost effective and safe method for the transfer of genetic material 

between countries, with the recent commercial application of artificial insemination within 

international deer farming highlighting these advantages (Asher et al. 1992b). Laparoscopic 

intrauterine insemination (Killeen and Caffery 1982) has become the preferred method of 

artificial insemination for both red (Fennessy et al. 1990a) and fallow deer (Asher et al. 199Oc), 

as it allows the precise placement of small quantities of semen close to the site of eventual 

fertilization. 

This application is of additional importance to conservation biology, as of the 36 deer species, 17 

are cla"sified as vulnerable or endangered (IUCN 1990). The introduction of genetic material 

through artificial insemination may aid in the reduction of inbreeding depression of populations in 

geographically isolated areas (Jacobson et al. 1989). 

This thesis presents data from two studies, each presented as an individual chapter. The aims of 

the studies were to identifY a superior extender-cryoprotectant combination, by in vitro 

laboratory analysis, than that currently used for red and fallow deer semen. Thereafter the 
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identified optimum extender-cryoprotectant was evaluated in vivo by investigating conception 

rates to intrauterine laparoscopic artificial insemination. 
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CHAPTER TWO: 

LITERATURE REVIEW 

2.1 Deer fanning 

2.2 Species description 

2.3 Cervid reproduction 

2.4 Semen collection 

2.5 Semen cryopreservation 

2.6 Semen evaluation and fertility 

2.7 Detection of oestrus 

2.8 Oestrous synchronisation 

2.9 Artificial insemination 

2.10 Sperm maturation 

2.11 Sperm transport in the female tract and fertilization 

2.12 Pregnancy and parturition 

2.13 Pregnancy diagnosis 
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2.1 Deer Farming 

Deer farming in New Zealand originated from the live capture of feral animals, with the addition 

of imported stock occurring in the early to mid 1980s. The first wave of imports specifically for 

deer farming were wapiti (Cervis elaphus nelson i) from Canada in 1981. Since then different 

strains or subspecies of red deer (Cervis elaphus scoticus) have been imported from Europe, 

Scandinavia and the UK. These new strains have been imported to increase mature body size 

and antler size in the New Zealand red deer herd (Fennessy 1993). However, in the NZ fallow 

deer industry a tetal of eight Mesopotamian fallow deer (Dama dama mesopotamica), a larger 

subspecies to the European fallow deer (Dama dama dama), were imported from von Opels zoo 

in Kronberg, Germany between 1985 and 1987. Through the introduction of artificial 

insemination techniques, a considerable number of Fl hybrids (Mesopotamian fallow deer buck x 

European doe) have been produced. There are also a number of paternal back cross hybrids (eg 

3/4 and 7/8 Mesopotamian fallow) existing on deer farms in New Zealand (Asher et al. 1992; 

Otway 1992). 

There are now 1.3 million deer on farms in New Zealand, of which 93% are red deer, wapiti or 

their hybrids, the remaining 7% being mainly fallow deer (Asher 1992). World trade in venison is 

approximately 15,000 tonnes/year, with New Zealand exports comprising 25% of world trade, 

fDllowed by Poland (18%), Czechoslovakia (12%), United Kingdom (9%) and Hungary (7%). 

International trade in velvet has ranged between 350-5000 tonnes, with the largest exporters 

being China (40% of world trade in 1989), New Zealand 35% and Russia 10%, with smaller 

velvet exporters including Alaska, West Germany and mainland USA (Jacobsen 1993). 
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2.2 Species description 

Cervidae 

The Cervidae family is extensive, containing no fewer than 17 genera, 40 different species and 

over 190 subspecies (Whitehead 1972). The main characteristics which separate the 40 species 

of deer from other ruminants is that the adult male deer generally have antlers, as distinct from 

horns which adorn most other ruminant species. 

Red deer (Cervus elaphus) 

Red deer have a wide distribution in Europe, as well as being abundant in areas outside their 

indigenous range It has been introduced to New Zealand, Australia and South America 

(Whitehead 1972). The species includes a large number of subspecies including Scottish red 

deer (Cervis elaphus scoticus) and North American wapiti (Cervis elaphus nelsoni). Male deer 

belonging to the genus Cervus have antlers with spike-like branches devoid of palmation. They 

have a mane and, in both sexes, upper canine teeth are present. (Chapman and Chapman 1975). 

Fallow deer (Dama dama) 

Fallow deer are sleek, long legged animals similar in size to a domestic goat. Fallow deer are 

distinguishable from members of the genus Cervus, with the mature fallow deer male having a 

broad flat palm on each antler. Furthermore they have no mane and usually no upper canine 

teeth Of all deer species, the fallow exhibits the greatest variation in pelage colour ranging from 

white to almost black (Chapman and Chapman 1975). 
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2.3 Cervid reproduction 

2.3.1 Seasonal control of reproduction 

The majority of species that have evolved in temperate and cold climates, such as red and fallow 

deer, use environmental cues to regulate their reproductive patterns. Marshall (1937) observed 

that seasonal changes in red deer were controlled by photoperiod when deer were first exported 

across the equator from Scotland to New Zealand, and subsequently reimported from New 

Zealand to England. However it was Jaczewski (1954) who demonstrated experimentally the 

effect of photoperiod on the antler growth of red deer stags. 

The reason for relying on the photoperiod signal to mediate seasonal reproductive changes lies in 

the fact that, for a given latitude, changes in photoperiod are constant between years and not 

subjected to wide annual variation that can occur with temperature, rainfall, feed availability and 

other environmental factors that are the primary reason for adopting a seasonal pattern (Bronson 

1985). 

It is the seasonal changes in the secretion of gonadotrophic hormones from the anterior piturity 

gland which regulate the gonads, thereby dictating the seasonal pattern of fertility. Red and 

fallow deer exhibit sexual development in response to decreasing photoperiod and are referred to 

as It short daylt breeders. A simplified description of the reproductive axis of the male and female 

temperate deer species, reproduced from Fennessy et al. (1986), is shown in Figure 2.1. 

The intermediatory process relaying photoperiodic information to gonadotropin secretion has 

been shown by Lincoln and Short (1980) to involve the pineal gland. In silca deer stags (Cervus 

nippon), it was demonstrated that artificial manipulation of photoperiod can alter the timing of 

the antler cycle (Goss 1969a, b; Goss and Rosen 1973). Red deer also responded to 



(a) 

DAYLENGTH 

l.----
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l. Hypothalamus 
negative feedback 
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DAYLENGTH 

l. Pineal gland 
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Figure 2.1 Simplified description of the endocrine regulation of the reproductive 
axis in female and male temperate deer species (From Fennessy et ai. 1986) 
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photoperiod, both in changes of reproductive activity and pattern of food intake and growth 

(Suttie and Kay 1985). When red deer were kept on artificial6-month photoperiods in which 

annual changes in daylength were compressed into two cycles per year, males generated two sets 

of antlers per year, underwent two periods of rutting and sexual activity, and exhibited two 

distinct appetite and body weight cycles (Kay 1979; Simpson et ai. 1983). In pubertal red deer 

hinds, manipulation of photoperiod caused an early onset to the breeding season (Webster and 

Barrell 1985). 

The principal product of the pineal gland is the indole-amine, melatonin. It is the changes in the 

daily cycle of secretion of melatonin which relay the effects of changes in photoperiod, with a 

high level of melatonin secretion at night providing a measure of the duration of darkness 

(Lincoln and Short 1980). Bubenik (1983) fIrst demonstrated that the secretion of melatonin is 

important in timing the seasonal breeding of cervids. Bubenik and Smith (1985) showed that 

oral administration of melatonin to white-tailed deer (Odocoileus virginianus), simulating 

shortening of daylength, induced reversal of the antler cycle, hair moult and reproductive activity 

of intact males. However, the limiting factor of the above trials was the small number of animals 

included within each trial. Since then, numerous studies in deer have shown that advancement of 

seasonal reproductive activity can be achieved following delivery of exogenous melatonin in 

summer, either by oral administration (red deer: Adam and Atkinson 1984; Nowak et ai. 1985; 

Adam et ai. 1986, 1989; Adam 1992) daily injection (red deer: Webster and Barrell 1985) or 

subcutaneous implants (red deer: Lincoln et al. 1984; Webster et ai. 1986; 1991; Fisher et al. 

1988, 1992; Asher 1990; Wilson 1992; fallow deer: Asher et al. 1987, 1988a). In addition, a 

range of other physiological parameters were also affected by melatonin treatment. Treatment in 

summer resulted in a rapid decline in prolactin secretion (red deer: Webster and Barrell 1985; 

Milne et al. 1990), had signifIcant effects on the seasonal body weight cycle (fallow deer: Asher 
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et ai. 1988a; red deer: Adam et at. 1986; Milne et ai. 1990) and on the growth and moult of the 

coat (red deer: Webster and Barrell 1985; Milne et al. 1990). 

2.3.2 Oestrous cyclicity 

Most cervids are seasonally polyoestrous. The mean overall oestrous cycle length of 22.4 days 

for fallow deer (Asher 1985a) is intermediate between that of red deer (18.3 days: Guinness et 

at. 1971; 18.8 days Krzywinski and Jaczewski 1978) and Odocoileus species (22-29 days: 

Cheatum and Morton 1946; Thomas and Cowan 1975) and similar to that reported for wapiti 

(21.2 days: Morrison 1960a). Non-pregnant females are able to exhibit repeated oestrous cycles 

for 5-6 months of the year; ie. 135 days for fallow deer (Asher 1985a), 150-161 days for red 

deer (Guinness et ai. 1971; Kelly and Moore 1977; Loudon et ai. 1989) (ie. 8 oestrous cycles; 

Kelly et ai. 1985) and 161 days for Pere David deer (Elaphurus davidanus, Loudon et al. 1989). 

As with other domestic ruminants, silent ovulations which precede overt oestrus have been 

observed in a number of cervidae species, including black-tailed deer (Odocoileus hemionus; 

Thomas and Cowan 1975); fallow deer (Asher 1985a; Asher et al. 1990b), moose (Alces alces; 

Simkin 1965), red deer (Barrell and Webster 1985; Jopson et ai. 1990) and wapiti (Morrison 

1960b). 

In unmated red deer hinds, oestrus canextend for up to 24 hours (Guinness et ai. 1971) and 

hinds frequently mate more than once with the same or different males (Loudon and Brinklow 

1992). In contra 'it, female fallow deer have been observed to cease sexual behaviour within one 

hour of mating, with unmated females being receptive to males for up to eight hours only (Asher 

et al. 1986). 
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2.3.3 Honnonal control of oestrus and ovulation 

Kelly et al. (1985) observed low peripheral blood plasma concentrations of progesterone within 

two days of oestrus in red deer. This is in agreement with the findings of Adam et ai. (1985) 

who reported that, as seen in other farm ruminants, plasma progesterone in red deer is low at 

oestrus and ovulation, rises to a peak luteal-phase values and thereafter declines rapidly at 

luteolysis to reach basal levels by the following oestrus and ovulation. This pattern has been 

further validated by Fisher et al. (1986a) and Jopson et ai. (1990). 

Changes in luteinizing hormone (LH) concentrations during the oestrous cycle have been 

published for several deer species including fallow deer (Asher et ai. 1986, 1990a); Pere David's 

deer (Loudon et al. 1990); red deer (Kelly et ai. 1985, Asher et al. 1992a); roe deer (Capreoious 

capreolous; Schams et ai. 1980) and white-tailed deer (Plotka et al. 1980). As with other 

ruminants, oestrus in deer is associated with a preovulatory rise in luteinizing hormone (LH). Its 

initiation is thought to be triggered by the decreasing secretion of progesterone following 

luteolysis and increased secretion of follicular oestradiol and androstenedione (Asher et al. 

1990a). Asher et ai. (1986; 1990a) observed in fallow does, that the onset of the preovulatory 

LH surge occurred at the onset of oestrus, with maximal LH surge concentrations occurring 6 

hours later. This study aL<;o showed that ovulation in fallow deer occurs approximately 24 hours 

after the onset of oestrus and approximately 18 hours after the peak of the preovulatory LH 

surge. 

In contrast, for red hinds the onset of oestrus occurred between 8 hours before and 8 hours after 

the LH peak, with the mean interval from oestrus onset to ovulation being 24.7 hours in hinds 

synchronised with progesterone via a CIDR device (Asher et ai. 1992a), 
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2.3.4 Annual male reproductive cycles 

In all the temperate species of deer which have been investigated to date there are seasonal 

changes in the reproductive tract, male secondary sexual characteristics and sexual behaviour 

related to seasonal changes in the secretion of testosterone (black-tailed deer; West and Nordan 

1976: fallow deer: Asher et al. 1989a; red deer: Lincoln 1971; reindeer (Rangifer tarandus): 

Whitehead and McEwan 1973; Leader Williams 1979; roe deer (Capreolus capreolus): Short 

and Mann 1966; wapiti: Haigh et al. 1984; white-tailed deer: Wislocki 1949; Mirarchi et al. 

1975; Bubenik et al. 1982). Such seasonal changes have also been observed for some tropical 

species living in temperate regions (BId's deer (Cervus eldi thamin) Monfort et al. 1993a). 

In each case the male accessory sex glands, antlers, pelage, musculature and scent glands 

develop during the months prior to the rutting season in parallel with a progressive increase in 

the peripheral blood concentrations of testosterone. There are also changes in behaviour, with 

overt rutting behaviour occurring when blood concentrations of testosterone are near a seasonal 

maximum, as reviewed by Lincoln (1985). 

Lincoln (1971) showed that the seasonal change in testosterone secretion is involved in causing 

changes in various male characteristics. This was demonstrated by the castration of adult red 

deer stags, whereby the accessory sex glands decreased in size, antlers remained in velvet and 

there was no seasonal development of other male secondary sexual characteristics or rutting 

behaviour. However when the castrated stags were implanted with testosterone, the velvet was 

cleaned from the antlers and the animals developed all aspects of rutting behaviour. 
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Liveweight and neck muscle mass 

Rapid liveweight gains occur in temperate species of deer during spring and summer months, 

with males reaching their peak annualliveweight prior to the rut in autumn (fallow deer: Asher et 

al. 1990b; red deer: Fennessy et ai. 1981; Drew 1985). The increases in liveweight mostly 

represent increased deposition of subcutaneous and depot fat as well as increased neck muscle 

mass (Asher et al. 1985b). Deer body fat is largely mobilised during the autumn rut and there is 

little capacity for replenishment during the winter irrespective of level of feeding (Drew and 

Suttie 1982; Asher 1986). The food intake cycle i'l entrained by changes in photoperiod, with 

peak food intake occurring when daylength was almost at its longest and the trough of intake 

when daylength was minimal (Suttie and Simpson 1985). Studies conducted by Ryg and 

Jacobsen (1982) demonstrated that prolactin stimulated food intake and therefore growth, 

suggesting that it may play a part in the growth surge that is associated with raised plasma 

prolactin levels in spring and summer. Rising secretion of testosterone in late summer-early 

autumn causes hypertrophy of the neck muscles (Lincoln 1971; Field et ai. 1985), resulting in a 

massive increase in neck muscle mass by the start ofthe rut (Asher 1986). The loss of live weight 

over the rut results in a decrease of neck girth. However, when the testes fully regress and 

liveweights begin to increase in spring, neck girth decreases further in the relative absence of 

testosterone (Asher et ai. 1987, 1989a; Schnare and Fisher 1987). 

Testicular development 

Testicular development also undergoes annual cyclic changes, with maximum testis size 

occurring just before the rut commences. This is primarily controlled by marked changes in the 

secretion of LH fi'om the pituitary gland in response to changes in photoperiod (Asher et al. 

1989a). Blood levels of LH and follicle stimulating hormone (FSH) increase in spring and 

summer prior to the rut, and this is associated with an increase in the size and activity of the 
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testes. The seminiferous tubules enlarge and an increase in spermatogenesis occurs when there is 

a simultaneous increase in the blood levels of testosterone. After the lUt blood levels· of LH and 

FSH decline and there is a rapid decrease in both the spermatogenic and androgenic functions of 

the testes, which have been recorded for a number of cervidae species including fallow deer 

(Asher et al. 1990b), red deer (Lincoln and Kay 1979; Suttie et al. 1984), roe deer (Scharns and 

Barth 1982) and white-tailed deer (McMillan et al. 1974; Mirarchi et al. 1978). 

LH has a specific action on the Leydig cells of the interstitial tissue of the testes, stimulating the 

synthesis and release of testosterone. FSH is believed to have a specific action on Se1toli cells, 

located along with the germ cells within the seminiferous tubules (SetchellI982). The combined 

effect of FSH and testosterone supports the normal function of the Sertoli cells, allowing the 

germ cells to mature into spermatozoa (Lincoln 1979). In seasonal breeders such as deer, it is 

the decrease in the secretion of LH and FSH during the non-breeding period which causes the 

decline in the function of the Leydig cells and Sertoli cells leading to testicular regression and 

infertility. Lincoln (1981) observed in red deer that complete arrest of spermatogenesis, and thus 

infertility, occurs when the weight of the testes during the regressed period iii below 25% of the 

seasonal maximum. 

Antler cycle 

The antler cycle of deer is closely linked to the testicular - testosterone cycle, with Gosch and 

Fischer (1989) reporting that in fallow deer, shedding of velvet regularly occurred when gonadal 

volume has reached approximately 80% of maximum It is therefore associated with high blood 

testosterone concentrations that cause rapid mineralisation (Asher and Fisher 1991). Casting 

was recorded when testes volume had decreased to approximately 25% of the annual maximum, 

and is in response to a marked decline in testosterone secretion. 
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2.4 Semen collection 

There are two main methods for the collection of semen, namely electroejaculation, and natural 

service into an artificial vagina. 

2.4.1 Artificial vagina 

Semen collection by means of an attificial vagina (A V) has been used in a number of cervids such 

as fallow deer (Jabbour and Asher 1991), red deer (Krzywinski 1976; Krzywinski and Jaczewski 

1978), reindeer (Dott and Utsi 1971, 1973) and white-tailed deer (Bearden et al. 1980) with 

varying degrees of success. The main difficulty with the application of the A V is the aggressive 

temperament of the stagslbucks in the rut, and the requirement of quiet teaser females 

(Krzywinski 1976). Dott and Utsi (1971) found their male reindeer were very tractable, and 

were able to collect a total of 19 samples of semen from 6 intact bulls. However, it can be 

argued that reindeer have been domesticated for many centuries (Whitehead 1972) and in most 

species investigated there is a high proportion of males which cannot be persuaded to ejaculate 

into an AV. Krzywinski and Jaczewski (1978) noted that spermatozoa collected from red deer 

by electro ejaculation (EE) were diluted by large volumes of seminal plasma and were of a poorer 

quality in terms of percentage of live cells and their associated motility, than that collected by A V 

(Krzywinski 1976). Semen collection by AV was further modified, resulting in 80 ejaculates 

collected from nine red deer stags, whereby on one occasion, during the peak of the rutting 

season, two ejaculates were collected and a further ejaculate the following morning from one 

stag. Jabbour and Asher (1991) describe the development of a prototype internal AV, (lAV) 

primarily for semen collection from fallow deer, but also having potential application in other 

cervid species. The aforementioned A V's were external hand-held devices (Dott and Utsi 1971; 

Krzywinski 1976) or mounted either onto a live teaser hind or a dummy (Krzywinski 1976; 

Krzywinski and Jaczewski 1978). 
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For semen collection with the lAV, ovariectomized fallow does are treated with CIDR devices 

for six days and an intramuscular injection ofO.05mg oestradiol benzoate (ODB) 24 hours post

CIDR withdrawal. The does are fitted with the lA V at the mean time to onset of oestrus, 

generally 18-24 hours post-ODB treatment (Jabbour et ai. 1991a), and joined with a buck. 

Following mating the IA V is removed, whereby the semen is aspirated and assessed for quality. 

However the ejaculates often have been contaminated with urine, highly likely to be sourced 

from that of the doe either at placement or withdrawal of the IA V. The resultant semen qUality 

was often poor (pers. obs.), this indicating that further refinement of the IA V is required. 

4.2 Electroejaculation 

The majority of semen collection from cervidae species is by EE, such as Eld's deer (Monfort et 

al. 1993b), fallow deer (Asher et aI. 1987; 1988b; Gosch and Fischer 1989; Jabbour et al. 1990), 

Pere David's deer (Asher et ai. 1988c), red deer (Jaczewski and Morstin 1973; Jaczewski and 

Jasiorowski 1974; Fennessy et aI. 1987) reindeer (Dott and Utsi 1971), white-tailed deer 

(Bierschwal et ai. 1970; Platz et al. 1982; Jacobsen et ai. 1989) and wapiti (Haigh et ai. 1984). 

Stimulation in the electroejaculation procedure may involve rectum evacuation and accessory 

gland massage (Haigh et al. 1984), but most often consists of appropriate placement of the 

electrodes, timed sequence of increasing electrical stimuli and pauses, and a number of stimuli of 

various voltages (Liambase et al. 1972; Platz et aI. 1982; Haigh et ai. 1984; Asher et ai. 1987; 

Jacobson et ai. 1989; Gosch and Fischer, 1989). 

The major limitation of EE is the need to use drugs for immobilisation which involve risks, 

including both the direct risk of anaesthetic complications and the resultant stress on stags due to 

greatly reduced feed intake over 3-4 days following xylazine anaesthesia (Fennessy and 

Mackintosh 1988). This is turn limits the number of collections possible over the breeding 



16 

season. However Haigh (1985) employed a chute method for the EE of wapiti bulls, whereby 

the bulls were physically restrained only in a specially designed squeeze chute. Two of the bulls 

could not be trained to the chute system and were removed from the study. Fennessy and 

Mackintosh (1988) noted that the response of stags to EE is variable, with some individuals 

seldom providing a good sample in terms of volume and/or density, while others do so 

consistently. Similarily some stags produce quantities of fluid which has the viscosity and 

appearance of thick egg yolk-like fluid. Haigh (1985) also noted that EE sometimes produced a 

"viscous bright yellow material" similar to that found in the vesicular glands of wapiti culled 

during the rot. However Krzywinski and Jaczewski (1978) also noted a similar substance from 

semen which was collected by AV. This phenomenon is not as prominent for fallow bucks, the 

majority being able to produce a good quality semen specimen with EE (pers. obs.). 

Semen quality and quantity are optimum pre-peak rot in wapiti (Haigh et al. 1984), fallow deer 

(Asher et al. unpub data) and post-rot in fallow deer (Gosch and Fischer 1989) and red deer 

(Jaczewski and Jasiorowski 1974). Jaczewski and Jasiorowski (1974) observed that semen 

collected during peak rot had lower sperm concentration due to the larger volume of seminal 

plasma, than semen collected post-rot. This observation corresponded to that of Lincoln (1971) 

who found that the accessary organs of reproduction in red deer stags undergo distinct yearly 

cycles with maximal activity coinciding with the rot. Therefore, the seminal plasma produced by 

the male reduces as accessory organs regress post-rot and it is through their inactivity that the 

semen is concentrated. 

2.4.3 Post-mortem epididymal spenn collection 

Post-mortem epididymal spelm collection has been performed for moose, red deer (Krzywinski 

1981) and white-tailed deer (Platz et al. 1982; Jacobson et al. 1989). This is an opportunistic 
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form of semen collection which can be utilised where deer have been castrated (Platz et al. 1982) 

or hunter killed (Krzywinski 1981; Platz et al. 1989). Sperm collection with this technique either 

involved the flushing/squeezing of the epididymus or cutting it into small pieces and placing in a 

diluent or 0.9% NaCl solution (Krzywinski 1981; Platz et al. 1989). 

2.5 Semen cryopreservation 

2.5.1 BufferlExtending medias 

Salisbury and Van Demark (1961) have summarized the criteria for a satisfactory semen 

extender, whereby an extender is the storage medium added to undiluted semen to prolong the 

duration of sperm motility and viability. In general an extender must 

(a) be of an osmotic pressure isotonic with sperm 

(b) provide a balance of minerals essential to the life of sperm cells 

(c) provide an energy source for sperm metabolism 

(d) protect sperm cells against cold shock 

(e) provide buffering capacity against metabolic products 

(f) be free of, and protect sperm from, bacterial or other infectious organisms. 

In addition, semen extenders for cryopreservation must contain cryoprotectant agents to protect 

sperm cells from ice crystal formation. Phillips (1939) discovered the beneficical effects of egg 

yolk on extension and preservation of sperm, with the primary benefit being the protection of 

sperm against cold shock by yolk lipoproteins (Blackshaw 1954; Blackshaw and Salisbury 

1957). Whole or skim milk was also found to protect sperm against cold shock while 

satisfactorily maintaining fertility, provided the milk was heated prior to use (Thacker and 

Almguist 1951, 1953; Almquist and Thacker 1952). In this case it is the milk protein, casein, 

that has been established as the agent responsible for the prevention of cold shock (O'Shea and 
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Wales, 1966). Although yolk or milk constituents may replace the whole product in semen 

extenders, virtually all extenders in use today contain whole egg yolk, milk or a combination of 

the two, for prevention of cold shock (Gomes 1977). 

Buffering capacity is frequently provided by tris-sodium citrate for yolk-containing buffers, but 

homogenized milk contains sufficient buffering agents in itself. Extenders have also utilised 

bicarbonate, potassium chloride or potassium tartrate, and various sugars to provide optimum 

osmolarity and buffering capacity. 

Like that of other species, cervidae semen contains a variety of constituents (Strezek et ai. 

1985), particularly fructose, as seen in reindeer (374mg/l00mI mature bull, 80rng/lOOmI 18 

month bull) (Dott and Utsi 1971) and red deer (362.7rng1100mI) (Strezek et ai. 1985), which 

can be utilised for metabolic energy. Sperm utilize glucose in preference to fructose (Foote 

1969), but either can be used as an exogenous energy source. 

Many buffers/extenders have been used for semen cryopreservation of cervids, but with varied 

success as summarised in Table 2.1. 

Comparative studies of semen cryopreservation in various extenders have been performed as 

reported by Dott and Utsi (1973), Haigh et ai. (1984), Duarte and Garcia (1989) and Sankevich 

(1982). However, Jacobson et ai. (1989) were the first researchers to report preliminary tests to 

select the best buffer/extender/cryoprotectant system. The ultimate success of buffers/extending 

media is determined by conception rate following AI whereby Asher et ai. (1988b, c), Haigh 

(1984a), Jacobson et ai. (1989), Magyar et at. (1989), and Sankevich (1982), have all recorded 

acceptable conception rates. 



Table 2.1 Experimental extenders, cryoprotectants, freeze methods and fertility for frozen Cervidae semen. 

Reference Species Collection Extender Cryoprotectant Final Yolk Freeze Motility Conception 
Method Cryoprotectant (%) Method Post-thaw rate to AI 

Concn (%) (%) (%) 

Dott & Utsi reindeer AV 77% v/vO.3M glycerol 3.0 20 pellet NR 0 
1973 Lactose 

96.5% skim milk glycerol 3.5 0 pellet NR 0 
-----

67.3% 0.32M glycerol 2.7 30 pellet NR 0 
glucose 

67.3% 0.18M glycerol 2.7 30 pellet 0 0 
inositol 

Graham 1978 white-tailed EE raffinose glycerol NR P straws 40 NR 
moose EE lactose glycerol NR P pellet 20 NR 

Krywinsk:i & red 

laczewski 1978 AV 2.9% Na citrate glycerol 8 20 pellet NR 25 

Platz etaL white-tailed EE 11% lactose glycerol 5 20 pellet 49 NR 
1982 PM 11% lactose glycerol 5 20 pellet 39 NR 

~~-

.... 
\0 



Table 2.1 cont. 

Reference Species Collection Extender Cryoprotectant Final Yolk Freeze Motility Conception 
Method Cryoprotectant (%) Method Post-thaw rate to AI 

Concn (%) (%) (%) 

Sankevich maral NR lactose nil NR P NR 0-25 } 
1982 (Cervus lactose glycerol NR P NR 1-50 } 94 

elaphus maral) saccharose glycerol NR P NR 0-40 } 

Haigh 1984a white-tailed EE 2% lowfat milk glycerol 10 NR NR NR 100 

Haigh 1985 wapiti EE citrate glycerol 7 20 straws NR NR 
2% lowfat milk glycerol 10 0 straws NR NR 

soya bean extract glycerol 7 NR straws NR NR 

Asher et al. red BE 2.9% Na citrate glycerol 8 20 straws 20 83 i 

1988c Pere David's EE 2.9% Na citrate glycerol 8 20 straws 11-28 35 , 

Asher etal. fallow EE 2.9% Na citrate glycerol 8 20 straws 85 65.4 
1988b 

MuUey et al. fallow EE tris-citric acid glycerol 6 2.25 pellet 50-55 50 
1988 

Duarte & brown brocket NR tris NR NR P NR 30 NR 
Garcia 1989 (Mazama lactose NR NR P NR 30 NR 

I gouazoubira) tris citric acid NR NR P NR 30 NR 
'------- I 

~ 



Table 2.1 cont. 

Reference Species Collection Extender 
Method 

Jacobson et ai. white-tailed tris-citrate 
1989 PM tris-citrate 

Magyar et at. white-tailed EE 11% lactose 
1989 

My1rea et al. fallow EE 2.9% N a citrate 
1991 

Fennessy et al. red EE 2.9% Nacitrate 
1990 

EE electroejaculation 
PM = post mortem collection 
AV = artificial vagina 
NR = not recorded 
P == present but amount not exclosed 
IU = intrauterine 
PV = pervaginurrifcenncru 

Cryoprotectant Final Yolk Freeze 
Cryoprotectant (%) Method 

Concn (%) 

glycerol 7 20 straws 
glycerol 7 20 straws 

glycerol 5 20 pellet 

glycerol 8 20 straws 

glycerol 8 20 straws 

Motility 
Post-thaw 

(%) 

65 
20 

>60 

80 

NR 

Conception 
rate toAl 

(%) 

88.7 
67 

67 

48.8 

56IU 
532PV 
351PV 

N ...... 
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2.5.2 Dilution and cooling 

Appropriate time and temperature of semen dilution vary with species and are influenced by 

whether the sperm are easily cold shocked, life expectancy of the cells and biochemical changes 

of the cells in seminal plasma. Cervid semen is routinely extended at 37°C immediately after 

collection and then cooled slowly to prevent cold shock. A protein layer, important to fertility, is 

formed on the sperm head during this period of time (Graham 1978). 

The dilution ratio for freezing varies with species, freezing container and technique, thawing and 

insemination techniques and volume and sperm concentration needed for adequate fertility. High 

or low concentrations of sperm cells may be frozen successfully, depending on technique and 

species (Graham 1978). 

The intial dilution rates at collection for cervids has varied from 1:27 (white-tailed deer: 

Jacobson et ai. 1989), 1:2.2 (red deer: Krzywinski and Jaczewski 1978), 1:2 (fallow deer: 

Mulley et al. 1988, Mulley 1989),1:10 (white-tailed deer: Haigh 1984a), and 1:4 1:5 (moose 

and white-tailed deer respectively: Graham et at. 1978). However, more recent studies have 

adjusted dilution rates according to ejaculate density to obtain a specified overall concentration in 

the inseminate, in keeping with commercial practices (fallow deer: Asher et al. 1988b, 1992b; 

Jabbour et al. 1993; Pere David's deer: Asher et at. 1988c; red deer: Fennessy et at. 1987; Asher 

et at. 1988c; reindeer: Dott and Utsi 1973; wapiti: Haigh 1985). A"lher et al. (1992b) and 

Jabbour et al. (1993), working with fallow deer appear to be the only researchers who have 

recorded the optimum sperm cell concentration for AI for any species of deer. Asher et al. 

(1992b), established an optimum sperm cell concentration of 100 x 106 spermlml (25x106 per 

straw) of frozen-thawed semen to laparoscopic AI and Jabbour et at. (1993) established an 

optimum concentration of 50x106/ml (12.5x1O%traw) fresh semen to cervical AI. 
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The addition of the cryoprotective agent to the semen can be achieved by one of two methods: 

(a) one step dilution - whereby the cryoproteetant is intially incorporated in the diluent, 

with semen extension at 37°C. (Asher et ai. 1988b, c, 1992b; Jabbour et ai. 1993). 

(b) two step dilution - whereby the semen is extended at 37°C and then the 

cryoproteetant is incorporated at 5°C (Haigh 1985; Fennessy et ai. 1987; Jacobson 

et al. 1989). 

ViI;Jser (1974) rep011ed that the dilution of semen with the one step dilution can be done 

successfully and has considerable practical advantages over the method of addition of the two 

step dilution. 

2.5.3 Cryoprotectants 

In addition to glycero~ a number of other agents have been investigated for their cryoprotective 

properties, including ethylene and propylene glycol, dimethylsulphoxide, high concentrations of 

non-penetrating sugars such as lactose, raffinose and arabinase, and high levels of metabolizable 

sugars, such as fructose (Gomes 1977). Unfortunately, none of the cervid studies describe 

studies with varying cryoprotectants. 

2.5.4 Packaging for freezing 

Diluted semen is commonly packaged frozen in one of three ways: 

(a) glass ampoules, normally containing 0.5 - 1.2 ml of frozen semen; 

(b) polyvinyl chloride straws containing 0.25 or 0.5 ml; 

(c) pellets containing about 0.1 ml. 
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Previously, as the use of frozen semen was developed for the cattle industry, 1.0 m1 glass 

ampules were used almost exclusively for storing the sperm. Thi" method of packaging 

permitted automated labelling, filling and sealing of sperm in packages suitable for a single 

insemination. However, as reviewed by Pickett and Bemdtson (1974), reports of superior sperm 

viability, greater storage efficiency, and higher conception rates resulting from storage in plastic 

straws have led to rapid increases in the use of this packaging technique. 

Techniques for the freezing of cervid semen have either utilised the pellet method (Krzywinski 

and Jaczewski 1978; Graham et at. 1978; Krzywinski 1980, 1987; Platz et al. 1982; Magyar et 

al. 1989; Mulley 1989; Dott and Utsi 1973), where the pelleted semen is prepared by pipetting 

approximately 0.1 ml drops of extended semen into hemispherical depressions made in a block of 

dry ice, or the packaging of semen into straws to be frozen in nitrogen vapour and stored in 

liquid nitrogen at -196°C (Graham et at. 1978; Haigh 1985; Fennessy et al. 1987; Asher et al. 

1988b, c, 1992b; Jacobson et at. 1989; Jabbour et at. 1993). 

2.6 Semen evaluation and fertility 

2.6.1 Sperm morphology 

Morphology of sperm of deer species has not been extensively studied. Sperm from moose were 

investigated by transmission electron microscopy (Andersen 1973), and those of fallow deer by 

scanning electron microscopy (Gosch et al. 1989). Light microscopic illustrations of normal and 

abnormal sperm cells have been published for sika deer (Wislocki 1949), white-tailed deer 

(Bierschwal et at. 1970), reindeer (Dott and Utsi 1971), wapiti (Haigh et al. 1985) and BId's 

deer (Monfort et at. 1993b). Gosch and Fischer (1989) published micrographs of fallow deer 

sperm cells and correlated the occurrence of specillc abberations with season, whereby large 

irregular proximal droplets often occurred with the recommencement of fertility. Haigh et at. 
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(1985) described similar abnormalities in wapiti sperm at the end of the fertile season. In 

addition, microcephalic features and double-tail abberations were found to be scarce in fallow 

deer during the season of high fertility but often predominant at the time of transition between 

sexual quiescence and the recommencement offertility (Gosch et al. 1989). 

Gosch et al. (1989) concluded that there are no basic differences in size, shape and ultrastructure 

between sperm cells of cervids or related artiodactyls, describing the general conformation of 

artiodactyl sperm as a flat, paddle-shaped head with an apical ridge, that can be subdivided into a 

head cap, an equatorial segment and a post-nuclear sheath. A short neck connects the head with 

the tail, which is subdivided into a midpiece, a principal piece and an endpiece and has a junction 

between principal and midpiece (Jensen's ring, annulus). 

2.6.2 Relationship between motility of semen and fertility 

Only live sperm are fertile in vivo, and also live ejaculated sperm are usually motile (Foote, 

1982). Because of this, motility estimation is commonly used to evaluate semen. Many 

procedures have been used to estimate motility, and include photography (Elliott et al. 1973) 

Sephadex filtration (Graham et al. 1976), computerized measurements (Amann 1979), 

spectrophotometric quantitation (Atherton 1979), optical Doppler effect (Jouannet 1979), 

videomicrography (Katz and Overstreet 1981) and the cervical mucus penetration test (Galli et 

al. 1991). Motility estimates after thawing, or after one or two hours of incubation at 37°C, are 

positively correlated with fertility (Saacke and White 1972; Lindford et al. 1976). 

Jacobson et al. (1989) correlated conception rate to AI in white-tailed deer with post-thaw 

motility, noting that post-thaw motilities of 70%+ gave 100% conception (n = 15 does) whereas 

semen with 60% or less motility gave a 66% conception rate (n = 38 does). Similarily Jabbour et 
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al. (1993) only used semen of:::; 70% post-thaw motilities and achieved conception rate of 

76.3% with cervical AI in fallow deer. 

2.6.3 Acrosome integrity and fertility 

The acrosome reaction can be considered as a selection process designed to ensure the delivery 

of an appropriately activated sperm to the initial site of sperm-egg interaction, the zona pellucida. 

It is argued that the relationship between the acrosome reaction and binding of the sperm to the 

ovum indicates that the acrosomal membrane 10;; relatively intact at the time of binding to the zona 

pcllucida (Dudkiewicz et at. 1976; Watkin et al. 1976; Saling et al. 1979; Phillips and Shalgi, 

1980; Russell et al. 1980; Yanagimachi, 1981). Thus, in many species sperm that undergo the 

acrosome reaction prematurely generally have reduced fertilizability and may fail to penetrate the 

cumulus oophorus mass due to the fact that they adhere to the outer portions of the extracellular 

matrix surrounding these cells (Suarez et al. 1983, 1984; Storey et at. 1984; Cherr et al. 1986; 

Cummins and Yanagimachi 1986; Corselli and Talbot 1986, 1987). In addition, sperm that 

undergo the acrosome reaction while within the cumulus oophorus matrix have a reduced ability 

to penetrate this matrix further since these sperm adhere to the cumulus cells (Talbot 1985). 

The primary function of the acrosome reaction 10;; to permit the penetration of the zona pellucida 

by sperm in order to gain access to the perivitelline space. The acrosome reacted sperm, once it 

has penetrated the zona and has arrived in the perivitelline space, has the ability to interact and 

fuse with the plasma membrane of the ovum, whereas acrosome intact sperm cannot 

(Yanagimachi and Noda 1970; Yanagimachi 1981). 

Saacke (1970) noted that the sequence of acrosomal alterations due to cell aging or injury 

appeared constant. However, the rate at which alterations occur is dependent upon the 
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ejaculate, as well as semen handling techniques or sperm environment. Thereby, as changes in 

acrosome morphology are highly correlated with fertility (Saacke and White, 1972; Saacke et al. 

1980) special consideration should be given to acrosome integrity in evaluation of semen for 

fertilizing ability. 

A number of methods have been developed to monitor sperm acrosomal status. All of these 

methods utilise either light or electron microscopic evaluation, and rely on either direct 

visualisation (Overstreet and Cooper 1979; Aalseth and Saacke 1985; Bleil and Wassarman 

1986) or the use of specific probes such as special histological stains (Watson 1975; Bryan and 

Akruk 1977; Talbot and Chacon 1981; Didion et al. 1989), antibodies (Florman et al. 1984; 

Wolf et al. 1985), lectins (Koehler 1981), membrane permeable dyes or intercalating dyes, as 

reviewed by Yanagimachi (1988) and Kopf and Gerton (1991). 

2.7 Detection of oestrus 

Detection of spontaneous oestrus in farmed deer has generally proven difficult due to the limited 

ability to inspect females closely within a pastoral environment. Direct observation of oestrous 

behaviour is unreliable because overt oestrus in female deer is usually rather passive compared 

with other domestic livestock and is often terminated at copulation, within minutes of its onset 

(Asher 1986). 

Methods for oestrous detection with the cervids have included the use of ram harness and crayon 

marker (Asher 1985a; Asher and Macmillan 1986; Asher and Smith 1987; Asher et al. 1988c; 

Duckworth and Barrell 1988; Asher and Thompson 1989), raddle paint (Dott and Utsi 1973; 

Haigh et al. 1988), vasectomised males (Krzywinski and Jaczewski 1978; Krzywinski 1987; 

Jacobson et al. 1989) and brisket greasing (Fennessy et al. 1986). The tendency for red deer and 

wapiti to wallow in mud often renders marking devices ineffective unless frequently 
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changed/applied. High labour inputs required to ensure the adequate success of the detection of 

natural oestrus generally mitigate against its usefulness in artificial breeding programmes (Asher 

et al. 1993a). 

2.8 Oestrous synchronisation 

Synchronisation of oestrus can be achieved by the use of exogenous progestagins, simulating the 

activity of the corpus lutetnn, or by shortening the luteal phase of the oestrous cycle by the 

administration of a luteolysin, such as prostaglandin. (Asher et ai. 1993a). 

2.8.1 Exogenous progestagen treatments 

The aim in supplying exogenous progestagens is to mimic the luteal phase of the oestrous cycle, 

with oestrus occurring following progestagen withdrawal 

(a) CIDR device 

The use of the intravaginal progesterone-containingCIDR device to induce synchronised oestrus 

has been repOlied for a number of cervidae species, including fallow deer (Asher and Smith 

1987; Asher et al. 1988b; Asher and Thompson 1989; Asher et ai. 1990; Morrow et ai. 1992; 

1993), red deer (Fisher et ai. 1986b, 1989; Asher et at. 1988c; Fennessy et al. 1990) and chital 

deer (Axis axis) (Mylrea et at. 1992). 

Intravaginal CIDR-S or CIDR-G devices in fallow deer consistently elevate peripheral plasma 

progesterone concentrations to levels comparable to those observed during the mid luteal phase 

of the oestrous cycle (Asher et al. 1986, 1990a; Asher and Thompson 1989). However, in the 

case of red deer the first 6 days of CIDR inseliion plasma progesterone concentrations are 

comparable to those observed during the oestrous cycle (6.4-9.6 nmol rl), thereafter levels 
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decline to less than 3.2 nmol r 1 by day 14 (Jopson et ai., 1990). The resultant low peripheral 

progesterone concentrations have prompted the use of double CIDR-S devices (Asher et al. 

1988c) or CIDR device replacement on Day 9 (Fennessy et ai. 1990). However no 

improvements in conception rates following artificial insemination have been noted for these 

treatments (Bowen 1989; Fennessy et ai. 1990a). 

Based on conception rates, the optimum duration of CIDR device insertion for fallow deer has 

been found to be 8 and 14 days (Morrow 1992), whereas for red deer the duration of CIDR 

device insertion normally ranges from 12 to 14 days (Fisher et al. 1986b; Asher et al. 1988c; 

Bowen 1989; Fennessy et al. 1990a). The data of Fennessy et aI. (1990a) indicate that a 15 day 

insertion period is associated with lower conception rates to AI compared with those for a 12 

day insertion period. Ovulation is synchronised to within a period of 70-80 h for fallow deer 

(Asher et al. 1990, 1993) and 69.3±1.2 h for red deer (Asher et ai. 1992a), with optimal 

intrauterine insemination time of 70 h post CIDR device withdrawal for fallow deer (Asher et aI. 

1992b). 

Efficacy of oestrous synchronisation with the CIDR device, in terms of the proportion of does 

exhibiting oestrus/ovulation and the degree of synchrony achieved, is clearly dependent on 

season such that the procedures are generally ineffective in the non-breeding season for red deer 

(Fisher et ai. 1986b, 1989b) and fallow deer (Morrow et al. 1992). 

(b) CIDR device and pregnant mares' serum gonadotrophin (PMSG) 

The use of PMSG at or near CIDR device withdrawal is presently contra-indicated for fallow 

deer. Studies in which either 500 iu (Asher and Smith 1987) or 100 iu (Jabbour et aI. 1991b) of 

PMSG were administered by intramuscular injection at CIDR device withdrawal resulted in a 



30 

high proportion of does exhibiting mUltiple ovulations or failing to ovulate, thereby reducing 

conception rates and increasing the incidence of embryonic mortality (particularly with multiple 

foetuses). This is in agreement with the findings of Mylrea et al. (1992) whereby chital hinds 

which received 300 iu of PMSG at device withdrawal had an overall pregnancy rate to AI, 

assessed by ultrasonography at day 53, of 63% (12119) yet the calving rate was only 26% (5/19). 

Dosages as low as 50 iu of PMSG delivered at device withdrawal reduced the interval to the 

onset of oestrus and induced greater oestrous synchrony compared with the CIDR device alone, 

however conception rates were not enhanced (Jabbour et al. 1991b). 

However, in the case of red deer it has become routine practice to administer 200-250 iu of 

PMSG at or near CIDR device withdrawal (Fennessy et al., 1989; Haigh and Bowen 1991) for 

three main reasons. Firstly in AI progrannnes hinds are often inseminated prior to the onset of 

the natural breeding season, when progesteronelPMSG is known to improve the incidence of 

ovulation in hinds compared with progesterone alone (Fisher et at. 1986b, 1989). Bringans 

(1989) reported that only 50% of red hinds given CIDR devices alone ovulated compared with 

90-95% of hinds given CIDR devices + PMSG. The second major reason is the concern that 

stress may reduce the incidence of ovulation in a group of hinds. The third reason for the use of 

PMSG is that in providing additional FSH- and LH- like activity it may reduce the spread of 

ovulation in a group of hinds (Fennessy et al. 1989). However this is in contrast with the recent 

findings of Asher et al. (1992a) who reported that although the administration of 200 iu PMSG 

at CIDR device withdrawal reduced the mean interval to the onset of oestrus compared with 

CIDR device alone, it did not necessarily reduce the variance. For both treatments, ovulation 

occurred between 20 and 28 h after the onset of oestrus. 
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With the administration of PMSG in red deer there i" a slight increased incidence of multiple 

ovulations resulting in conception and births of twins in artificial insemination programmes 

(Asher et ai. 1988c). 

(c) Progestagen sponges 

A limited number of studies have investigated the efficacy of intravaginal sponges in inducing 

synchronised oestrus in red deer (Kelly et al. 1982; Adam. 1985; Asher et ai., 1988c; Haigh et 

aI, 1988) and fallow deer (Mulley et ai. 1988). While the synthetic prostagens were well able to 

control ovulatory activity, some of the studies were plagued by excessive sponge loss rates 

(Kelly et al. 1982; Mulley et at., 1988) thereby reducing their effectiveness in deer. 

2.8.2 Administration of a luteolysin . prostaglandin 

Prostaglandin treatment has been used to induce ovulation in wapiti (Glover 1985, Haigh 1984b) 

white-tailed deer (Haigh 1984a), red deer (Haigh et al. 1988) and fallow (Asher and Thompson, 

1989; Asher et ai. 1990). The ability of prostaglandin adrrrinistration to synchronise oestrus i" 

dependent on the presence of an active corpus luteum at the time of treatment, limiting 

synchronisation programmes to the period after the onset of natural ovulatory activity (Asher et 

al. 1993a). Furthermore, studies on wapiti indicate that the cervine corpus luteum may be 

refractory to prostaglandin treatment before Day 11 of the oestrous cycle (Glover, 1985), 

necessitating either administration at the correct stage of the cycle or delivery of twin injections 

at least 10 days apart (Haigh et at. 1988; Fennessy et ai. 1989). 

Application of prostaglandin synchronisation to AI programmes for fallow deer has resulted in 

lower conception rates than observed following CIDR device synchronisation. In one study by 

Asher et at. (1992b) using laparoscopic intrauterine insemination, the conception rate following 
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prostaglandin administration was 52.9% (27/51) compared with 70.4% (38/54) following CIDR 

device withdrawaL A similar trend was observed by Jabbour et at. (1993b) following 

intracervical insemination. In tbis case the conception rate following prostaglandin 

administration was 40.7% (11127) compared with 84.5% (22126) following CIDR device 

withdrawal, even though inseminations were perfurmed at similar intervals num the mean onset 

of oestrus. 

A similar phenomenen has also been noted in red deer by Haigh et at. (1988) who recorded the 

treatment of red deer hinds with double prostaglandin injections, whereby only 7.7% (1/13) 

became pregnant to natural mating, whereas 84.6% (11/13) of contemporary hinds became 

pregnant following treatment for 7 days with intravaginal sponges. 

2.9 Artificial Insemination 

While a number of studies have reported birth of deer following artificial insemination (Dott & 

Utsi 1973; Krzywinski & Jaczewski 1978; Haigh 1984a, b; Haigh et al. 1984, Magyar et al. 

1989; Mulley et ai. 1988; Jacobson et al. 1989; Mylrea et al. 1991, 1992) only those of Asher et 

al. (1988b, 1992b), Fennessy et al. (1990a), Haigh and Bowen (1991) and Jabbour et al. (1993), 

have included sufficient numbers to enable critical evaluation of the techniques used. 

There are two main forms of insemination, intravaginal/intracervical (per vaginum) and 

laparoscopic intrauterine. 

2.9.1 Intravaginal/intracervical artificial insemination 

Initial studies on intravaginal insemination of fallow does with 85x106 motile sperm 48h after 

CIDR device withdrawal resulted in 50% (13126) and 48% (15/31) fawning rates for fresh and 
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frozen-thawed semen respectively (Asher et al. 1988b). More recent studies, however, have 

shown that with an intracervical deposition of 140x106 motile frozen-thawed spermatozoa 12 h 

after the median onset of oestrus (ie. 60 h post CIDR withdrawal) resulted in conception rates 

ranging from 84.5 to 40.7% depending on the form of synchronisation (Jabbour et al. 1993). 

Although it can be argued that such large numbers of sperm are unacceptable commercially, 

Jabbour et at. (1993) showed that conception rates of 80.6% (25/31) were obtainable with fresh 

semen of 12.5x106 sperm/dose in fallow deer. In addition, transcervical intrauterine insemination 

was successfully attempted on anaesthetised fallow does by exteriorising the os cervix (Asher et 

al., 1990c). This resulted in 75% (3/4) conception rate. 

Krzywinski and Jaczewski (1978) are credited with some of the first attempts at per vaginum 

insemination of red deer. However, they achieved a conception rate of only 25% (3/12) to a 

combination of vaginal and intracervical inseminations with frozen-thawed semen at detected 

natural oestrus. Fennessy et al. (1990a) obtained a pregnancy rate of 39% (13/33) to a single 

per vaginum insemination (including some uterine placement) at 48 hr after CIDR device 

withdrawal. However, double per vaginuminseminations, performed at 44 and 68 h after CIDR 

device withdrawal, resulted in conception rates of 49% (75/152), 45% (9/20) and 58% (23/40) 

in three separate trials (Fennessy et ai. 1987, 1990a). 

2.9.2 Laparoscopic intrauterine artificial insemination 

Laparoscopic intrauterine insemination (Killeen and Caffery 1982) is currently the preferred 

method of AI in deer (Bowen 1989; Asher et al. 1990c) as it allows precise placement of 

relatively small quantities of semen close to the site of fertilisation (Asher et ai. 1993). Early 

studies involving intrauterine deposition of 85x106 motile frozen-thawed sperm 56-58 h after 

CIDR device withdrawal resulted in a 42% (22/55) fawning rate (Asher et ai. 1988b). However 
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when the intrauterine inseminations were performed 65-70 h after CIDR device withdrawal with 

(20-40)x106 motile frozen-thawed sperm, the overall conception rate was increased to 68% 

(lOS/ISS) (Asher et at. 1990c). 

Recent on-farm studies of laparoscopic intrauterine insemination in fallow deer, conducted by 

Asher et ai. (1992b), investigated variables such as timing of insemination, type of CIDR device, 

oestrous synchronisation regime, presence/absence of vasectomised buck and numbers of sperm 

per insemination. Their results indicated that, 

(a) there is a degree of flexibility in the timing of insemination relative to CIDR device 

withdrawal (60-70 h), 

(b) CIDR device synchronisation is more effective than prostaglandin synchronisation early 

in the breeding season, 

(c) buck presence is not essential during synchronisation treatment, 

(d) there is little difference in efficacy of the two types of CIDR device 

(CIDR-G vs CIDR-S), 

( e) numbers of motile frozen-thawed sperm required for acceptable conception rates (60-

70%) are lower than currently used commercially. 

Studies with red deer showed no significant difference in conception rate following intrauterine 

insemination (20x106 sperm) at 48,52, or 55 h after device withdrawal. The overall pregnancy 

rate for 63 hinds was 56% (Fennessy et ai. 1990a). However, in another trial the interaction 

between the length of progesterone treatment and insemination time (48 h vs 55 h after CIDR 

device withdrawal) was significant, with the 12 day CIDRl55 h insemination giving a higher 

pregnancy rate than 15 day CIDRl55 h insemination (89% vs 20%) (Fennessy et ai. 1990a). 

The standard regimen presently applied to commerciallaparoscopic inseminations of farmed red 
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deer in New Zealand includes a 12 day CIDR device with administration of 200 iu of PMSG at 

CIDR device withdrawal and insemination of (20-40)x106 motile sperm 54-56 h later (Bowen 

1989). 

2.10 Sperm maturation 

Maturation of sperm occurs within the caput and corpus of the epididymis (Bedford 1975; 

Orgebin-Crist et al. 1975; Cooper 1986; Amann 1987; Robaire and Henno 1988; Bedford and 

Hoskins 1990). Modification of sperm to achieve maturation requires enzymes and lipid 

exchange proteins unnecessary for sperm survival and not available within the cells (Amann et al. 

1993). Because sperm have virtually no biosynthetic capability (Hammerstedt 1981), fluids 

bathing the cells are responsible for sperm maturation and the epididymal epithelium must 

provide the necessary biocatalysts or ions; the sperm cannot do it themselves. Thus, the 

secretion of specialized enzymes and transfer proteins is required together with a unique 

interaction between sperm and their surrounding epithelium. via the luminal fluid (Jones 1989; 

Dacheux et al. 1990, 1991; Turner 1991; Tulsiani et al. 1993a, 1993b). 

2.11 Sperm transport in the female tract and fertilization 

The overall objective of sperm transport is to have a population of viable cells at or close to the 

site of fertilization shortly before the time of ovulation so that the egg is penetrated before post

ovulatory ageing commences (Hunter 1988). Recent studies on red deer demonstrated that 

gamete maturation and transport in the female red deer reproductive tract follows a similar 

pattern to those of other ruminant species (Berg et al. 1993), which is simplistically illustrated in 

Figure 2.2 (fromHafez 1987). 
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Figure 2.2 Diagramatic illustration of the various luminal fluids in which spermatozoa 
are suspended from the time of sperm production in the seminiferous tubules to the time 
of fertilization in the oviduct (From Hafez 1987). 
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Sperm tend to be highly concentrated within the vaginal pool of semen, whereby the pool of 

highly concentrated semen bathes the extemal cervical os and sperm gain entry into the mucus-

fl11ed cervical canal mainly under the influence of their own motility. One of the functions of the 

cervix is to reduce the density and initiate a gradient in absolute numbers of spelm between the 

site of ejaculation and site of tbtilization, whereby large numbers are trapped in the complex 

mucosal folds of the cervical crypts. This process is facilitated by the fact that micelles of the 

cervical mucus help to direct sperm to the cervical crypts (Hafez 1987). It i", thought that the 

cervical crypts serve as a temporary reservoir for speim. As fewer leucocytes are found in the 

cervical secretions compared with those of the vagina or utelUs, it has been suggested that less 

phagocytosis of sperm takes place in the cervix (Bafez 1987). An additional function of the 

cervix is to enable sperm to escape from the male secretions, the seminal plasma, so that those in 
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the uterus are effectively resuspended in the fluids of this portion of the tract (Hunter 1988). 

Actual movements of sperm through the uterus to the oviducts depends on a combination of 

active (sperm motility) and passive transport, whereby passive transport of sperm within the 

uterus is due to the influence of myometrial contractions. It is believed that the presence of 

sperm in the uterus induces endometrial leucocytic response, which enhances phagocytosis of 

numbers of living and probably dead sperm (Koehler et al. 1982). 

The oviduct has the complex task of conveying sperm and eggs in opposite directions 

simultaneously. The pattern and rate of sperm transport in the oviduct are controlled by several 

mechanisms. These include peristalsis and antiperistalsi<:> of oviductal musculature, complex 

contractions of the oviductal mucosal folds and of the mesosalpinx, fluid currents and 

countercurrents by ciliary action and possibly the opening and closing of the intramural portion. 

Oviductal contractions alter the configuration of the oviductal compartments momentarily, so 

that fluids and suspended sperm may be transported to the fimbriae from one compartment to the 

next, as reviewed by Hafez (1987) and Hunter (1988). 

There is evidence that viable sperm are largely arrested in the distal portion of the oviducts until 

shortly before ovulation, thereby indicating a synchrony between the release of the egg from the 

Graafian follicle and a redistribution of sperm from the constricted lumen of the isthmus. In fact 

the isthmus is now considered to act as the functional sperm reservoir, that is the reservoir from 

which sperm undergo capacitation (see overleaf) and are released at the time of ovulation to 

fertilise the eggs (Hunter 1986; Hunter 1987a; Hunter et al. 1987). 
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There is a higher proportion of morphologically normal sperm in the isthmus than in the lower 

reaches of the tract, suggesting a progressive selection of cells between the site of deposition and 

the site of fertilization (Polge et al. 1970; Baker and Degen 1972; Mortimer 1977). 

Freshly ejaculated mammalian sperm are incapable of fertilizing eggs. In a process termed 

capacitation, they acquire the ability to undergo an acrosome reaction, to penetrate the zona 

pellucida, and to fuse with the oocyte. Capacitation normally occurs in the female reproductive 

tract and has also been achieved in some species using chemically defined media in vitro (Cross 

and Overstreet 1987). A major component of the capacitation process appears to be an 

alteration in the lipid and/or protein domains in the plasma membrane such that Ca2
+ can enter 

the cell and lead to changes expressed as both the acrosome reaction and a dramatically 

enhanced swimming activity termed hyperactivation (Yanagimachi 1981). 

Sperm seem to initiate their hyperactivated movement sometime after they are released from the 

isthmus. This hyperactivated motility provides the sperm with strong thrusting power, which 1.-; 

beneficial for both the migration of sperm from the isthmus to the ampulla (Overstreet and 

Cooper 1979) and for sperm passage through the egg investments, particularly the relatively 

!!hard!! zona pellucida (Katz and Yanagimachi 1980; Yanagimachi 1981). 

Austin (1960) was the first to report that sperm must be capacitated to penetrate into the 

cumulus oophorus. Incapacitated sperm may attach to the surface of the cumulus, but fail to 

penetrate it, whereas the capacitated sperm move freely within the cumulus (Yanagimachi 1988). 

As mentioned earlier, sperm that have completed their acrosome reaction before meeting the 

cumulus stick to the surface of the cumulus and do not penetrate it. Only capacitated sperm that 

retain their acrosomal caps are able to enter the cumulus (Yanagimachi 1988). 
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The acrosome reaction occurs as a consequence of capacitation. It is thus a distinct process and 

stems from a destabilization of the plasma membrane around the sperm head (Hunter 1988). 

Although the acrosome reaction may promote specific changes in surface characteristics of the 

posterior part of the sperm head (Yanagimachi 1981; Bedford 1983), its primary role is still seen 

as a means of releasing proteolytic enzymes from the acrosomal sac to facilitate penetration of 

the egg investments. 

Eggs of many mammals pass to the site of fertilization at the ampullary-isthmic junction in a 

period of minutes. The two principal mechanisms involved in the transportation of the egg to the 

site of fertilization are the beating of cilia lining the ampullary epithelium and the waves of 

smooth muscle contraction in the mesosalpinx. 

After this initial transport, the egg remains in the vicinity of the ampullary-i<;thmic junction for 

much of its tubal phase due to contraction or spasms of the musculature in this region. This 

initial phase of transport is remarkably rapid when compared with the total sojourn of the egg or 

embryo in the oviducts; the latter being measured in days. Moreover, the rapid phase of 

transport to the ampullary-isthmic junction indicates why fertilization usually occurs in that 

region rather than in more proximal regions of the tube, as reviewed by Hunter (1988). 

2.12 Pregnancy and parturition 

Following fertilization the egg divides or cleaves into many cells and passes down the oviduct 

into the uterus. In recent studies it has been established that differences exist between red deer 

and other domestic ruminant species in the rate of transport of embryos through the reproductive 

tract. Berg 1993, demonstrated that even as late as day 7, blastocyst stage embryos (containing 

66-114 cells) were located in the utero-tubal junction (UTJ) region. Prior to this, embryos were 
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recovered either from the oviduct or UTJ region. This is in contrast to both sheep and cattle, 

where entry into the uterus occurs after 3-4 days following the onset of oestrus (McLaren 1982). 

The blastocyst then goes through a period of rapid development with the establishment of the 

germ layers (gastrulation) completed by day 27 in red deer, by which time the trophoblast has 

elongated and extended through both uterine horns (McMahon and Fisher 1990). Implantation 

occurs at the uterine caruncles (usually 4 or more in each horn; Harrison and Hyett 1954) from 

about day 34-41 onwards in red deer (McMahon and Fisher, 1990) and probably at a similar 

time in fallow deer (Harrison and Hyett 1954). 

The placenta ill syndesmochorial in classification (the chorionic epithelium is in contact with 

endometrial connective tissue) and has been described in detail by Hamilton et ai. (1960). The 

red deer embryo displays a typical mammalian growth pattern (Adam et ai. 1988; Wenhem et al. 

1986; McMahon and Fisher 1990). 

The gestation length of red and fallow deer is around 233-234 days (Guinness et ai. 1971; Kelly 

and Moore, 1977; Asher 1987). In contrast to the non-pregnant cyclic female, pregnant 

hinds/does exhibit continuously elevated plasma progesterone concentrations until the initiation 

of parturition (Adam et al. 1985; Asher 1987). 

2.13 Pregnancy diagnosis 

There are two methods for pregnancy testing within the cervidae species, based either on the 

concentration of a pregnancy related factor in blood/urine or ultrasound scanning. 
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2.13.1 Pregnancy related factors 

The corpus luteum appears to be the principle source of progesterone in female red deer (Adam 

et al. 1985), fallow deer (Asher 1985a, 1987) and roe deer (Sempere et al. 1989). Asher et al. 

(1988b) relied on non-return rates and Day 21 (post-insemination) plasma progesterone 

concentrations to indicate conception rate. However, there was a disparity «10%) between the 

estimated conception rate and actual fawning rate. However, recent studies on ovariectomised 

red deer hind" (Jopson et al. 1990) and fallow deer does (Asher et at. 1989b) challenged with 

andrenocorticotrophic hormone (ACTH) provided strong evidence that the adrenal glands are 

secondary but major sources of progesterone in these species. It was therefore concluded that 

progesterone of adrenal origin, secreted in response to stress stimuli, may occasionally confound 

interpretation of plasma progesterone profiles as indicators of ovarian/pregnancy status if animals 

are not habituated to the handling/sampling procedures (Asher and Fisher 1991). 

A pregnancy specific protein (PSP-B) was first detected in pla')ma of red deer hinds as early as 

24 days after mating (Fisher et al. 1986c) but generally is not detected until 30-33 days post 

mating (Haigh et al. 1988). PSP-B concentrations in plasma increase throughout pregnancy, 

with the test being specific to pregnancy as PSP-B has not been detected in any non-pregnant 

hinds nor in any hinds prior to mating. 

In more recent studies Monfort et al. (1990) found that urinary pregnanediol-3a-glucuronide 

(PdG) excretion accurately reflected cyclic ovarian activity with markedly elevated 

concentrations of this metabolite providing an accurate index of pregnancy. The additional, 

simultaneous monitoring of oestrone conjugates was also found to be useful in the estimation of 

stage of pregnancy and the prediction of the onset of parturition. 
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2.13.2 mtrasound Scanning 

To date ultrasonography has been accepted as the most practicable method for diagnosis of 

pregnancy in deer. More recently, studies on artificial insemination of both red and fallow deer 

have utilised ultrasonography to visualise foetal development between days 40 and 60 post

insemination (Fennessy et al. 1987, 1990a; Asher et at. 1990c). Estimation offoetal age is based 

on previous ultrasonographic studies in deer (Mulley et at. 1987; White et al. 1989; Wilson and 

Bingham 1990; Bingham et al. 1990; Revol and Wilson 1991), with recent studies showing a 

high correlation between ultrasound results and birth data (Fennessy et al. 1990a; Asher et ai. 

1992b). 
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CHAPTER THREE: 

SITE DESCRIPTION AND LIVESTOCK MANAGEMENT 

3.1 Ruakura Agricultural Research Centre 

3.2 Off station facilities 
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3.1 Ruakura Agricultural Research Centre, AgResearch 

3.1.1 General layout 

The Ruakura Agricultural Research Centre (RARC) is situated on the eastern boundary of the 

city of Hamilton (37° 46'S, 175° 20'E), within the Waikato region of the North Island and 

occupies 230 ha of land at an altitude of 150 m above sea level. The main campus facilities are 

centrally located but there are a number of outlying stations, the Ruakura Deer Unit being one of 

them 

3.1.2 Ruakura Deer Unit 

The Ruakura Deer Unit (Figure 3.1) was established in 1982 and occupies 30.5 ha of flat to 

gently rolling land. It is intensively subdivided, with 2 m high wire mesh fencing, into 78 

paddocks ranging in size from 0.25 to 1.0 ha. The unit ha"l a carrying capacity of 20 stock units 

(su) per ha, whereby 1 su is based on the carrying capacity of one 55 kg ewe raising one lamb. 

A rotational grazing management system is utilised, prioritising groups with the highest 

nutritional/energy requirements at any given point in time, (e.g. lactating does and hinds in 

summer) with provisions of winter supplementation of meadow hay, pa"lture silage and maize. 

3.1.3 Temperature and rainfaD 

There is a meteorological station situated on the RARe. The mean monthly rainfall for 1992 

and 1993 are presented in Figure 3.2. The mean annual rainfall for 1991 and 1993 was 1045 

nun. 

The duration of daylight hours at the winter solstice is 10.2 hours and at the summer sol"ltice is 

15.8 hours for 37°S 46'S latitude (Civil Twilight; Meterological Service of New Zealand 

Limited). 
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Figure 3.1 Scale plan of the Ruakura Deer Unit located within the Ruakura 
Agricultural Research Centre 
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Figure 3.2 Total monthly rainfall (mm) recorded at the Ruakura Agricultural 
Research Centre meterological station throughout 1992 and 1993, 
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3.1.4 Soils 

Most of the soils on the Ruakura Deer Unit are silty loarns or silty clay loams. There are 

overlays of peat, but these are largely confIned to paddocks 28-42 (Figure 3.1). The whole unit 

has an extensive network of drainage pipes. 

3.1.5 Pasture 

The Ruakura Deer Unit pastures are composed of perennial ryegrass (Lolium perenne) and 

white clover (Trifolium repens) as the predominant pasture mix. Typical annual dry matter 

production of the Ruakura farms ranges between 14,000 to 17,000 kg DMlha. This is 

dependent on climatic conditions, with 2500 kg DM growing in autumn (March, April, May), 

2200 kg DMlha in winter (June, July, August), 5900 kg DMlha in spring (September, October, 

November) and 5100 kg DMlhain summer (December, January, February). 

3.1.6 Deer handling facilities 

The deer yards and handling facilities are located at the south end of the Deer Unit. There are 

two parallel races, which amalgamate to service the east side of the shed. The shed is designed 

for both red and fallow deer, with a fallow deer cradle and tunnel located in the southern wing, 

and the red deer crush (NU-MAK Ltd, Invercargill) in the northern wing. During the course of 

this study, the fallow deer were mustered into the three northern wing pens, and from there they 

were drafted into smaller groups (5-8 deer) to be penned into the darkened southern wing pens. 

The fallow deer were eventually moved into a controlled lighting pen, and from there they were 

coaxed into a narrow lighted tunnel. The deer moved instinctively towards the light and into a 

specially designed cradle (Engineering Developmental Group, RARe, Hamilton). The cradle 

was constructed of steel tubing and encased with 12 mm thickness plywood. The floor was 

designed to drop away, leaving the fallow deer suspended by their torso on bevelled walls. Head 
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and rump access was via two doors on the side of the cradle opening independently of each 

other. The fallow deer were liberated from the cradle via a spring release mechanism which 

opens the entire side of the cradle. The individual deer then proceded to an allocated paddock or 

were drafted into pen 1 or pen 2 (Figure 3.3). The cradle was suspended from a steel frame by 

an electronic load cell (Tru Test NZ Ltd, Auckland) and maintained rigid within this frame by a 

series of torsion cross-wires. The weight of the cradle was automatically tared when the load 

cell was switched on. 

The red deer were mustered into the northern wing of the shed and for intensive work they were 

restrained in the hydraulically operated crush, the sides of which were encased with foam rubber 

pUdding. The crush operation involved movement of a hinged side against a stationary side, 

embodying the torso of the deer.· In addition, the floor folded away from beneath the deer. Red 

deer were coaxed towards the crush through a series of passages and corners, the final corner 

leading directly onto the crush. This left little opportunity for the animal to baulk at entry. 

The deer were liberated by opening the hinged side of the crush, allowing the animal to drop to 

the ground. 

3.2 Off station facilitates 

3.2.1 Aorangi Research Farm 

Aorangi - Red Deer Farm 

Situated 14 km north west of Palmerston North (40° 35'S, 175° 12E), the Aorangi Deer Farm 

lies at an altitude of 150 m above sea level. The red deer farm consists of 20 ha of flat land with 

a carrying capacity of 12.4 su/ha. 
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The predominant soil type is Kairanga sandy loam and Kairanga silt loam, which supports a mix 

of perennial ryegrass and white clover as the dominant pasture species and chicory (Cichorium 

intybus) in late summer and autUITlll (prioritising lactating hinds and calves). Throughout late 

autumn and winter, intensive strip grazing of "Tama" (an annual ryegrass) and perennial ryegrass 

is practised, with rotational grazing of chicory and red clover (Trifolium pratense) in late spring, 

summer and early autUITlll. 

The mean annual rainfall for this farm is 805 mrn, according to data from its meteorological 

station. The wettest months are June and July, and the driest months being February and April. 

The total daylight hours, (i.e. including Civil Twilight), for the winter and summer solstice are 

10.3 and 16.0 hours respectively (Meterological Service of New Zealand Limited). 

3.2.2 Property of J Hammonds & Co. 

Cambridge - Red Deer Farm 

This farm is situated 10 krn south-east of Cambridge (3r 36'S, 1750 55'£) at an altitude of 150 

m above sea level. The red deer farm consists of three blocks of land enclosed with deer fences, 

totalling 56.7 ha and has an overall carrying capacity of 17.7 sulha. The land type is flat to steep, 

with gullies. The predominate soil type is Horotiu sandy loam, which supports a mixed pasture 

of ryegrass and white clover mix. The general management policy is based on rotational grazing 

with winter supplementation of maize and meadow hay. 

The mean annual rainfall for the district is 1200 mrn, with the wettest months being June, July 

and August and the dry months being January and February. The total daylight hours for the 

winter and summer solstice are equivalent to that ofRARC. 
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3.2.3 Property of T & H Bellamy 

Te Poi - Fallow Deer Farm 

This farm is situated 3.2 Ian north-east of Te Poi (370 50'S, 1750 53'E), at an altitude of 150 m 

above sea level. The fallow deer farm consists of 16.2 ha, converted from dairy farm land, and 

has an overall carrying capacity of 25 su/ha. The land type is flat, with the predominant soil type 

being Tirau sandy loam and Tirau ash. This supports a lush pasture species mix of ryegrass

white clover. 

The general management policy is based on an easy care system, with rotational grazing and no 

winter supplementation. 

The mean annual rainfall for the district is 1520 rum, the wettest months being July, August and 

September, and the driest period being in February and March. The total daylight hours for the 

winter and summer solstice are equivalent to that of the RARe. 

3.2.4 Property of E & L Hazlehurst 

Tirau - Fallow Deer Farm 

This farm is situated 28 Ian north-west of Rotorua (370 58'S, 1750 50E) at an altitude of 150 m 

above sea level. The property was originally a dairy farm, with diversification of 30 ha into 

fallow deer farming at a carrying capacity of 20 su/ha. The land type is flat with gullies, and the 

predominant soil type is Tirau sandy loam. This supports a perennial ryegrass-white clover mix, 

with some "Yatsyn" annual ryegrass, cocksfoot (Dactylis glomerata) and paspalum (Paspalum 

dilatatum) pasture species. 
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The general management policy is for rotational grazing, but includes winter set -stocking and 

feed supplementation for breeding does. Weaners are on a winter all-grass rotation. All 

supplements are produced on the property, ensuring maximum utilisation of surplus spring 

growth. 

The mean annual rainfall for the district is 18201lllTI, with July the wettest month and February 

being the driest month. The total daylight hours for the winter solstice and the summer solstice 

are equivalent to that of the RARe. 

3.2.5 Property of W & LIzard 

"Mokanui", Opakei - Fallow Deer Fann 

This property is situated 10 km nOlth of Masterton (40° 52'S, 175° 40'E) at an altitude of 150 m 

above sea level. The fallow deer farm consists of 30 ha of flat to gently rolling land with a 

carrying capacity of 14.2 sulha. The predominant soil type is Ruahine silt overlying greywacke 

rock, and supports a pasture species mix of ryegrass and white clover. 

The general management policy is for rotational grazing, with winter supplementation. However 

in summer the does are set -stocked in the larger paddocks throughout the fawning season. 

The mean annual rainfall for the distdct is 1140 1lllTI, with July and August being the wettest 

months and January, February being the driest months. The total daylight hours, for the winter 

and summer solstice are 10.2 and 16.1 hours respectively (Meteorological Service of New 

Zealand Ltd). 
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4.1 Introduction 

Artificial insemination (AI) is one of the most powerful tools of reproductive biotechnology 

available for genetic improvement programmes for farmed deer species. This is particularly so in 

relation for the use of cryopreserved semen, which ha'i the ability to be drawn upon at short 

notice, can be stored for several generations and can be transported internationally with relative 

ease. 

While Fennessy et al. (l990a), Asher et al. (1992b) and Jabbour et al. (1993) have been 

successful in adopting a standard ram semen extender (2.9% sodium citrate: Kryswinski and 

Jacsweski 1978) for use in red and fallow deer AI programmes, there is considerable room for 

improvement in semen cryopreservation for these species. In particular, red deer ejaculates are 

notoriously variable with respect to post thaw recovery rates and subsequent incubation 

performance following freezing in the aforementioned extender. In light of recent improvements 

in other components of the AI process, namely oestrous/ovulation synchronisation (Asher and 

Smith 1987; Fennessy et al. 1989, 1990a; A'iher et al. 1990a; 1992a, b; Morrow et al. 1992) and 

semen deposition technique (Bowen 1989; Fennessy et ai. 1990a; Jabbour et al. 1993), it is now 

pertinent to attempt further increases in the overall efficiency of AI by optimizing sperm 

cryopreservation. Improved post-thaw survival and viability of sperm will allow increased 

utilisation of each ejaculate by reducing the total number of sperm required per insemination. 

Due to the variable nature of red deer semen with regards to post-thaw recoveries and the fact 

that the semen extender presently in use is a ram semen-based sodium citrate-egg yolk-glycerol 

formulation, the alternate diluents are others which have been well utilised within the sheep 

industry and across a number of species including cattle, goats and buffalo. 
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The commonly used cryoprotective agent, for bull and ram semen is glycerol. For the cervidae 

species there been studies whereby alternate extender buffers were examined, such as Jacobsen 

et al. (1989) who found 2.9% sodium citrate based extender to be completely unsuitable for 

white-tailed deer and therefore turned to a tris-based extender. 

The objective of the present trial is to improve semen cryopreservation for red and fallow deer by 

the evaluation of alternate extenders and cryoprotectants. 

4.2 Materials and Methods 

4.2.1 Experimental design 

The experimental design is that of a 5x3x2 randomised block factorial design where; 

n=5 extenders 

n=3 cryoprotectants 

n=2 cryoprotectant concentrations. 

Semen was pooled from four red deer stags andlor fallow deer bucks to obtain an overall volume 

and concentration that enabled the above 30 treatment combinations to be performed at the same 

time and therefore under uniform conditions. This was repeated three times for each species. 

4.2.2 Semen collection 

Red deer stags: Semen was collected by electroejaculation (Plate 1), using a rectal ejaculator 

probe (Lane Pulsator IIIZ, Lane Manufacturing Inc., Colorado, USA) while the stags were 

under general sedation. Sedation was attained by the intramuscular injection of 3 ml Fentazin 

(Parnell Laboratories, NZ Ltd, Auckland, NZ). This is a mixture comprising the following active 

constituents, xylazine hydrochloride (58.3 mg/ml), fentanyl citrate (0.4 mg/ml) and azaperone 
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(3.2 mglml). For semen collection the penis was protracted fi'om the penile sheath by gent1e 

manipulation, and a cotton gauze strip was placed around the penis at the preputial fold to allow 

the penis to be held securely. A "bull" probe with three lateral electrodes was inserted into the 

rectum. The electrical stimuli were administered in sets of 5 serial stimulations applied at the 

same voltage and a set frequency of 90 Hertz. The stimuli were given in a 4-sec-on and 4-sec

off pattern. Initial voltage was selected on the basis of the animal's response (hindlimb 

extension) during stimulation. After the first 5 stimulations at initial voltage, the next set of 5 

stimulations was increased by 5 volts. If initial ejaculation occurred prior to the attainment of 20 

volts, the voltage would be set but additional stimuli were administered until the attainment of 

the endpoint as determined by the expul~ion of a watery clear fluid (very dilute seminal plasma) 

after that of a milky/creamy ejaculate (Plates 2 and 3). The maximum voltage required to 

produce ejaculates during this study was 20 volts for red deer and 10 volts for fallow deer. The 

ejaculate was collected in a pre-warmed (37°C) glass collection cup, as shown in Plates 2 and 3. 

Following collection, sedation of the stags was reversed by intravenous injection of yohimbine 

hydrochloride (0.4 mglkg liveweight: Recervyl; Aspiring Animal Services, Wanaka, NZ). 

Fallow deer bucks: Semen collection of fallow deer bucks was peliOlmed by electroejaculation. 

Bucks were heavily sedated by intravenous injection of a mixture of ketamine hydrochloride 

(5.0 mglkg live weight: Ketaset; Bristol-Meyers Co., Syracuse, NY, USA) and xylazine 

hydrochloride (2.5 mglkg liveweight: Rompun, Bayer, Leverkusen, Germany). 
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Plate 1 Elcctroejaculation of a European fallow buck. 

A "ram" prohe wilh lhree lateral eleclrodes was used with delivery of rhythmic increases in 

vo !Lages from 0 to 10 volls al a t"ret) uency of 30 Hertz, as described earlier for red deer stags. 

Once ejaculalion was compleled, ;1.<; described earlier for red deers stags, sedation was reversed 

by intravenous injection or yohimhine hydrochloride (0.4 mg/kg liveweight). 
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4.2.3 Semen evaluation 

Semen was assessed initially for wave motion (function of density and motility) with a score 

ranging from 0 to 5 (Table 4.1). Ejaculates with a gross motility score of less than 4 were 

discarded. 

Initial assessment involved placement of a drop of undiluted semen on a pre-watmed (37°C) 

microscope slide, which was viewed under a microscope with phase contrast optics (l00x) on a 

warm stage (37°C). 

Thereafter the semen was pooled from the four stags/bucks. The concentration (number of 

spermlml of semen) was then assessed by counting on a haemocytometer at dilution 1: 1000 in a 

2% saline solution containing 0.01 % formalin. Thereafter the volume was measured with the aid 

of a pre-warmed (37°C) Pasteur pipette and tuberculin syringe (Monoject, division of Sherwood 

Medical, St Louis, MO, USA) by volume displacement prior to extension. 

The pooled semen was extended equally across five different extenders, whereby each extender 

was added to the semen, dropwise for the initial 1 to 2 ml with a gentle swirling motion to 

encourage mixing, afterwhich ml by ml addition was performed to the desired volume. The 

extended semen was further assessed for percentage motile sperm (0-100%) and forward 

progression (0-5) (Table 4.2), which involved drop wise placement of the extended semen on a 

pre-warmed microscope slide with a coverslip and viewing with a 200x objective whilst on a 

warm stage (37°C). 



Table 4.1 

SCORE 

5 

4 

3 

2 

1 

0 

Table 4.2 

60 

Scoring system for sperm wave motion (Evans and Maxwell 1987). 

CLASS 

Very Good 

Good 

Fair 

Poor 

Very Poor 

Dead 

DESCRIYflON 

Dense, very rapidly moving waves. Individual sperm cells 
cannot be observed. 90% or more of the spermatozoa are 
active. 

Vigorous movement, but the waves and eddies are not so 
rapid as for score 5. About 70 - 85% of sperm cells are 
active. 

Only small, slow moving waves. Individual spermatozoa 
can be observed. 45 - 65% of sperm cells are active. 

No waves are formed, but some movement of spermatozoa 
is visible. Only 20 - 40% of sperm cells are alive and their 
motility is poor. 

Very few spermatozoa (about 10%) show any signs of life, 
with weak movement only. 

All spermatozoa are motionless. 

Assessment of forward progression of individual sperm 
(Howard et ai., 1986). 

SCORE DESCRIYflON 

5 
4 
3 
2 

1 
o 

Rapid, steady forward progression 
Steady forward progression 
Side to side movement with slow forward progression 
Moderate side to side movement with occasional slow forward 
progression. 
Slight side to side movement with no forward progession 
No motility or movement 
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4.2.4 Extenders 

A total of five extenders were evaluated, with each extender divided into a non-glycerolated 

fraction (Prot A) and a glycerolated fraction (Part B). Semen was extended initially with the 

non-glycerolated fraction to a concentration of 200x106 spenn/m1 in 25 m1 glass-stoppered 

measuring cylinders. Thereafter, the extended semen was placed in a water jacket (equal 

temperature to that of the unextended semen, 35°C) and allowed to cool to a temperature of 5°C 

in a refrigerated cabinet, normally over a period of 4 homs; this being the fIrst step of a two step 

dilution. 

When the extended semen attained the temperature of 5°C, an equal volume of the glycerolated 

extenders (Prot B), pre-cooled to 5°C, was added, yielding a final concentration of l00x106 

spenn/ml The glycerolated extenders were added in 10, 20, 30 and 40% increments of the total 

volume required. With each incremental addition, a 15 minute equilibration time was allowed, as 

described by Jacobson et al. (1989). 

The five extenders evaluated were as follows: 

(1) 2.9% sodium citrate (Krzywinskiand Jaczewski, 1978), 

(2) tris citrate (Evans and Maxwell, 1987), 

(3) skim cows milk (Vinha and Cougbrough, 1972), 

(4) lactose (Dott and Uts~ 1973), 

(5) ram synthetic diluent; RSD-l (Upreti et al. 1991). 

(Refer to Appendix A2 (page 138) for detailed description of the extenders and their 

constituents. ) 



4.2.5 Cryoprotectants 

Three cryoprotectants were evaluated. These were: 

(1) glycerol (control) 

(2) propan-l, 2-diol (PROH) 

(3) dimethyl sulphoxide (DMSO) 

The above cryoprotectants were applied at two different rates, 
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(a) the specified concentration (U) of that particular extender as given in the literature 

ego 2.9% sodium citrate: 8% [mal glycerol concentration (Krzywinski and 

Jaczewski,1978), 

(b) half dilution of the specified concentration (0.5 D). 

The alternate cryoprotectants were substituted for glycerol in each of the extenders, and when 

half the dilution of the specified concentration (0.5D) was substituted, there was a proportional 

increase ofO.5D, of the extender buffer solution, thus maintaining the overall final volume. 

4.2.6 Cryopreservation 

When the semen was fully extended to a concentration of 100x106 sperm/mI, it was vacuum 

loaded into 0.25 mI pla.o;;tic straws (Paillettes bovine, IMV L'Aigle, France) pre-cooled previously 

to 5°C. The ends of the straws were then sealed with polyvinyl chloride (PVC) powder which 

sets on contact with water. The loaded and sealed straws were placed on a stainless steel rack, 

with grooves on the rack to hold the individual straws in position. Cryopreservation was 

undertaken in an automated chamber freezer (Kryo 10 Series Chamber Model 10-16, Planner 

Products Ltd, Sunbury-on-Tharnes, UK) with vapourised nitrogen pumped into the chamber. 

The racks holding the straws were placed into the chamber at a temperature of -75°C, with a 
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subsequent temperature decrease to -125°C at a rate of -6°C/min. Upon reaching -125°C the 

racks were withdrawn from the freezing chamber and immediately immersed into a wide

mouthed, cryo-insulated stainless steel cylinder (dewar) containing liquid nitrogen. Frozen 

straws were packed into goblets (plastic cylinders with the specific design for the storage of 

frozen semen straws) and stored under liquid nitrogen immersion in a semen bank until required. 

The semen bank was similar to that of a dewar but consisted of a narrow neck opening and a 

series of canisters, within the main body, for the storage of frozen semen straws. 

4.2.7 Post-thaw assessment and incubation 

Representative straws per treatment were thawed in a water bath at 37°C for 30 seconds. 

Thereafter, the extended thawed semen was transferred to prewarmed (37°C) test-tubes 

containing phosphate buffered saline solution, PBS (pBS tablets, Unipath Ltd, Basingstoke, 

Hampshire, UK) at 1:4 ratio. The addition of PBS allowed enhanced visual assessment of the 

lactose and skim milk based extenders, whereby the duplicate samples were visually (400x 

objective) assessed for percentage and progressive motilities. Following thawing, smears for 

percentage intact acrosomes and an eosin/nigrosin stain were performed for the subsequent 

determination of morphology and percentage oflive sperm, as described below (Section 4.2.8). 

Incubations were performed at temperatures equivalent to the rectal temperatures of red deer 

hinds and fallow does, 39°C and 38°C respectively (taken from the mean rectal temperatures of 

five readings for each species), with percentage and progressive motilities assessed at 0 (post

thaw), 0.5, 1, 1.5,2,3 and 4 h. 

4.2.8 Sperm viability and morphology 

Assessment of sperm as described in this (4.2.8) and the next (4.2.9) section, was performed on 

immediate post-thaw semen, (ie. t=O). A volume of 10 JlI of the post-thawed semen was mixed 
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with 20 III of eosin/nigrosin stain (New Zealand Dairy Board, Newstead, Hamilton: Appendix 

A3.l) in a pre-warmed test tube (37°C) for 60 s. Thereafter 20 III of the stained semen was 

transferred and smeared across a microscope slide by another slide held at a 45° angle, effectively 

pulling the stained sample across the length of the slide. The slides were then air dried and 

stored on self-indicating silica gel crystals (BDH Chemicals Ltd, Poole, England) in an airtight 

container, thus preventing leaching of the stain with humidity changes. 

All the air dried stained slides were mounted with Depex mounting medium (Searle, Diagnostic 

High Wycombe, Bucks, UK) and xylene (Sigma Chemicals Co., St Louis, MO, USA) mixed to a 

viscous consistency, thus aiding the Depex medium to disperse uniformly throughout the slide 

and coverslip interface. 

Assessment of percentage live sperm was performed, whereby 100 sperm were counted at 400x 

magnification with phase contrast optics, the dead sperm having taken up the stain (Plate 4). 

Similarly, the assessment of sperm morphology was the same as that described above, with 

categorisation into two major classes, each class was further subdivided based on that described 

by Chenoweth et al. (1980) (Figure 4.1). 

4.2.9 Sperm acrosomal status 

The air dried smears were stained for the acrosomal assessment of the sperm as described by 

Lenz et al. (1983) (Appendix 3.2). Following staining, the slides were mounted, as described 

previously, for the supravital stain. 
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Plate 4 Eosin/nigrosin stain depicting normal dead (0) and live (L) spelID of fallow deer using 
phase contrast opLics at 400x magnilication. 

Assessment of the percentage of inLact acrosomes was performed whereby 100 acrosomes were 

categori..<;cd, hy phase contrast microscopy (I250x) using a GIF filter, into four morphological 

classes based on those described by Watson (1975) and Howard et al. (1981) (Plates 5 and 6). 

(I) nOlmal apical ridge; acrosome possessing a smooth crescentic lidge. 

(2) damaged apical ridge; acrosome possessing irregular shaped lidge. 

(3) loosened acrosomal cap; acrosomal cap loosened and vesiculated. 

(4) missing acrosomal cap. 



la lb lc 

2a 2b 2c 

o 

Figure 4.1 The features of morphological classes of sperm in deer semen: 
(la) Abnormal head and midpieces shapes, (lb) Abaxial attachement of midpieces, 
(Ic) Tightly coiled tails, (2a) Separated heads; (2b)Proximalldistal droplets, 
(2c) Bent tails. Note (1) denotes primary abnormalities and (2) secondary 
abnormalities (Modified from Campbell et al. 1960) 
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Plate 5 Sperm of red deer with an intact acrosome (IA) loosened acrosome (LA) and missing 
acrosome (MA), under oil immersion at 1250x magnification. 

4.2.10 Statistical-analysis 

All data were analysed by analysis of valiance (ANOY A) following arcsine transformation using 

the Genstat 4.0 (Lawes Agricultural Trust, Rothamstead, UK) stati.<;tical package for binomial 

data. Results are presented (1.<; the retransfonned values of means for the transformed data. 
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1 2 

.3 4 

Plate 6 Illustration of the morphological classes of sperm acromosomal status as found in red 
and fallow deer: (1) acrosome intact; (2) acrosome damaged; (3) acrosome loosened and (4) 
acrosome ml()Smg. 

4.3 Results 

The following reSull() are primarily concemed at idenlifying the optimal cryoprotectant and 

dilution within each of the five ex lender bases. Aftelwhich, the optimal extender base-

cryoprotectant-dilution combinations are compared for the overall optimum treatment. 

Preliminary data of red and fallow deer semen, which include percentage motile sperm, forward 

progression, acrosomal status and sperm morphology of each extender treatment, can be located 

in Appendices 4.1 to 4.20. 
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4.3.1 Red deer 

Post-thaw motility incubatious: Figure 4.2 shows that the buffer tris citrate-glycerol (O.5D) 

was the optimum cryoprotectant for post-thaw motilities throughout the 4 h incubation period 

for red deer. Intial post-thaw motility ranged from 56.7+8,4% (tris citrate-glycerol (0.5D)) to 

50.8±8,4% (sodium citrate-glycerol (U)). The other buffers, skim milk glycerol (U), lactose

glycerol (U) and ram synthetic diluent-DMSO (U) gave values intermediate to those of sodium 

citrate-glycerol (U) and tris citrate-glycerol (0.5D), but were significantly greater (P<0.05) than 

sodium citrate-glycerol (U) from 2 to 4 h. 

Throughout the 4 h incubation period glycerol wa-o;; the optimum cryoprotectant for the buffers, 

sodium citrate, tris citrate, skim milk and lactose. The significant (P<O.OOl) buffer by 

cryoprotectant interaction for motility arose because DMSO was the overall optimum 

cryoprotectant for the ram synthetic diluent. There was a cryoprotectant by concentration 

interaction (P<O.Ol) for the incubation period, 0.5 to 3 h, with the undiluted cryoprotectant 

concentration being optimal for the buffers, sodium citrate, skim milk, lactose and ram synthetic 

diluent, with the exception of tris citrate which performed better at the diluted concentration 

(0.5D). 

In summary, the overall optimal cryoprotectant for the extender bu:ffers was glycerol, with the 

exception of ram synthetic diluent where DMSO performed better. The optimal cryoprotectant 

concentration was at the undiluted concentration (U), tris citrate-glycerol being the exception, 

giving greater percentage motility at the diluted cryoprotectant concentration (0.5D). 
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Figure 4.2 Summary of the optimum cryoprotcctants and associated concentrations for each of 
the tested extenders as indicated hy the post-thaw percentage of red deer sperm over time. 
Vertical bars denote the least significant difference (LSD 0.05). 

-.J 
c 



71 

Forward progressive motility scores: Throughout the buffered based extenders and their 

associated cryoprotectants, there was not one outstanding cryoprotectant in each of the buffers 

over the 4 h incubation period, although there were inferior cryoprotectants, such as glycerol 

within the ram synthetic diluent (Appendix 4.5b). There were suggestions of superior 

cryoprotectant activity, but only within specific time frames and not for all of the treatment 

extenders, ego DMSO (U) with the skim milk based extender (Appendix 4.3b) from 1 to 4 h, and 

glycerol (0.5 D) in the tris citrate based extender (Appendix 4.2b) from 1.5 to 4 h. Hence the 

forward progressive motility score could not provide a basis for comparison between the 

extenders. There were two interactions at two points in time. At 1 h there was an 

cryoprotectant by concentration interaction (P<0.05) (Table 4.3), where DMSO had better 

forward progressive motility at the undiluted (P<O.lO) than at the diluted concentration. There 

were no main effects for glycerol or PROH at either concentration. 

At 2 h there were significant (P<O.05) differences (Table 4.4) occurring within the sodium citrate 

extender between glycerol (2.38±O.29) and PROH (1.67±O.29) and within the ram synthetic 

diluent, with PROH and DMSO giving better results than glycerol. 

Table 4.3 Progessive motility scores of red deer sperm ± 0.11 (s.e.d) at 1 h with various 
cryoprotectants at two concentrations (U, 0.5D) LSDo.1=0.32 

Cryoprotectant Concentration 

U 0.5D 

Glycerol 3.13 3.15 
DMSO 3.10 2.77 
PROH 2.90 2.98 
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Table 4.4 Progessive motility score.c; of red deer sperm ± 0.29 (s.e.d) at 2 h in extender 
buffers with three cryoprotectant treatments. LSDo.o5=O.67 

Extender Buffer Cryoprotectants 

Glycerol DMSO PROH 

Sodium citrate 2.38 1.92 1.67 
Tris citrate 3.25 2.72 2.75 
Skim milk 2.21 2.50 2.33 
Lactose 3.00 3.00 2.96 
Ram synthetic diluent 2.04 2.92 3.04 

Acrosomal status: Different acrosomal categories within each extender are summarised in the 

appendices. However, the proportion of intact acrosomes is an important criterion of successful 

cryopreservation as sperm with a damaged, loosened or missing acrosome are incapable of 

fertilization. Comparison between the extenders showed that lactose was the superior buffer for 

this parameter, giving the majority of acrosome intact sperm across all treatments (P<O.OOI) 

(fable 4.5) with the overall maximum value of 57.2±12.2% by DMSO (0.5D). The next highest 

value was for tri") citrate-glycerol (0.5D) 52.5±12.2% and both of these buffers were significantly 

(p<o.I) better than either the ram synthetic diluent-PROH (0.5D) or skim milk PROH (U) with 

26.5±12.2% and 11.8±12.2% respectively. 

Table 4.5 Mean post-thaw (t=O) percentage of acrosome intact red deer sperm ± 12.2% 
(s.e.d) in extender buffers with various cryoprotectants at two concentrations 
(U,0.5D). LSDo.o5=24.4 

Extender Buffer Cryoprotectant and Concentration 

Glycerol DMSO PROH 

U 0.5D U 0.5D U 0.5D 

Sodium citrate 24.0 44.7 34.5 41.5 24.7 27.3 

Tris citrate 45.7 52.5 43.7 43.0 50.5 43.7 

Skim milk 6.5 4.2 9.8 11.0 11.8 11.3 

Lactose 50.5 51.5 51.3 57.2 48.0 36.3 

Ram synthetic diluent 20.5 14.8 19.3 14.7 21.7 26.5 
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Sperm morphology: Appendices 4.9 and 4.10 show the morphological categories of sperm; 

normal, primary and secondary abnormalities within each of the· extender treatments and their 

associated cryoprotectants and rates. Only normal sperm are presumed to be capable of 

fertilization and is thus the only category shown in these results. 

The lack of a consistent optimal cryoprotectant-rate combination for each of the buffers (Table 

4.6) is supported by the cryoprotectant by concentration interaction (P<0.05). The overall 

optimum treatment combination was tris citrate-PROH (0.5D) comprising 95.5±2.6% normal 

sperm, which was significantly (P<O.05) greater than the lactose and skim milk treatment 

combinations. 

Table 4.6 Mean post-thaw (t=O) percentage of morphologically normal red deer sperm ± 
2.6% (s.e.d) in extender buffers with various cryoprotectants at two 
concentrations (U, 0.5D). LSDo.os=5.2 

Extender Buffer Cryoprotectant and Concentration 

Glycerol DMSO PROH 

U 0.5D U 0.5D U 0.5D 

Sodium citrate 88.5 91.8 92.2 91.5 91.5 88.6 

Tris citrate 83.3 88.5 91.2 91.8 90.3 95.5 

Skim milk 86.3 88.2 87.0 89.3 90.2 89.7 

Lactose 90.3 83.5 86.3 87.0 81.5 89.0 

Ram synthetic diluent 84.7 90.2 87.0 90.7 90.5 89.0 I 

4.3.2 Fallow Deer 

Post-thaw motility incubations: Figure 4.3 shows a trend that the skim milk-glycerol (U) was 

the optimum treatment combination for the intial 2 h of the incubation period for post-thaw 

motility of fallow deer semen; ram synthetic diluent-DMSO (U) being optimal for the remaining 

2 h. Initial post-thaw percentage motility ranged from a maximum of76.7±8.0% (skim milk-
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glycerol (U)), to a minimum value of S7.5±8.0% (ram synthetic diluent-DMSO(U)) (P<O.OS). 

Preliminary post-thaw incubations of the cryoprotectant treatments within the individual buffers 

are summarised in Appendices 4.11 to 4.1S. Throughout the 4 h incubation period glycerol was 

the optimum cryoprotectant for the buffers; sodium citrate, tris citrate, lactose and skim milk. 

However for the ram synthetic diluent, it was DMSO which outperformed the other 

cryoprotectants and accounts for the buffer by cryoprotectant interaction (P<O.OOl). The 

cryoprotectants performed better at their undiluted concentration, except for tris citrate, which 

had similar values for both the cryoprotectant rates at 1.S h, which accounts for the buffer by 

concentration interaction (P<O.OS) for that point in time. 

Forward progressive motility scores: As with red deer semen, there was not one outstanding 

cryoprotectant in each of the buffers over the 4 h, although there was sometimes one at 

intermittant periods. For instance, DMSO(U), from 2 to 4 h (Appendix 4.11b), and glycerol 

(O.SD) from O.S h to 1.S h (Appendix 4.13b). However, for forwardly progressive motile sperm 

there was no basis to compare one optimum treatment within one extender with another 

optimum treatment in another extender. 

There was a buffer by cryoprotectant by concentration interaction (P<O.OS) at 3 and 4 h, 

resulting from the cryoprotectant treatments within the sodium citrate extender, glycerol (U) and 

DMSO (O.SD) having lower progressive motility scores (p<O.OS) than the remaining treatments. 

Similarly within the ram synthetic diluent, glycerol (U) and PROH (U) had the lower progressive 

motility scores. For tris citrate, skim milk and lactose based extenders, the cryoprotectant 

treatments were non significant (Table 4.7). Within the sodium citrate extenders, DMSO (U) had 

a higher progressive motility score at 4 h than the remaining cryoprotectant 



76 

treatments(P<O'(lOS). In contrast, the skim milk extender DMSO (O.SD) gave the lowest 

progressive motility score (P<O.OS) (Table 4.8). 

Table 4.7 Progressive motility scores of fallow deer sperm ±O.3 (s.e.d) at 3 h in extender 
buffers with various cryoprotectants at two concentrations (U, O.5D). 
LSDo.os=O.6 

Extender Buffer Cryoprotectant and Concentration 

Glycerol DMSO PROH 

U O.5D U O.SD U O.SD 

Sodium citrate 1.5 1.9 2.3 I 0.5 2.0 1.7 

Trl'S citrate 3.0 2.8 3.0 3.0 2.8 3.1 

Skim milk 2.6 2.8 3.1 2.5 2.7 3.0 

Lactose 3.2 2.8 2.9 2.8 2.9 3.3 

Ram synthetic diluent 2.4 2.6 3.3 2.7 2.4 2.8 

Table 4.8 Progressive motility scores of fallow deer sperm ±O.4 (s.e.d) at 4 h in extender 
buffers with various cryoprotectants at two concentrations (U, O.SD). 
LSDo.os=0.8 

Extender Buffer Cryoprotectant and Concentration 

Glycerol DMSO PROH 

U O.5D U O.SD U O.SD 

Sodium citrate 1.0 0.7 I 2.2 0 0.8 0.8 

Tris citrate 2.4 2.7 2.8 2.9 2.8 2.7 

Skim milk 2.2 2.2 2.3 1.8 2.7 2.8 

Lactose 2.7 2.9 2.8 2.3 2.6 2.8 

Ram synthetic diluent 2.0 2.1 2.7 2.5 I 2.5 2.4 

Acrosomal status: The acrosomal categories, intact, damaged, loosened and missing for each 

extender are summarised in Appendices 4.16 to 4.18. Only acrosome intact sperm are capable of 

fertilization and is thus the only caterory shown in these results. Lactose gave the highest 
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proportion of acrosome intact sperm, across all the cryoprotectant treatments (P<O.OOI), with 

glycerol (U) comprising the overall maximum percentage (55.7±8.9%). Ranking of data for 

intact acrosomes across the different extender buffers showed that lactose was followed by 

sodium citrate-DMSO (O.5D) (37.3±8.9%), tris citrate-glycerol (0.5D) (30.5±8.9%) skim milk-

PROH (U) (19.7±8.9%), and ram synthetic diluent DMSO (U) (13.8±8.9%) (Inspection of 

Table 4.9 will indicate which of these are significant differences (using LSDo.os)). Lactose-

glycerol (U) gave significantly (P<O.05) more intact acrosomes than all of the aforementioned 

treatments. 

Table 4.9 Mean post-thaw (t=O) percentage of acrosome intact fallow deer sperm ±8.9% 
(s.e.d) in extender buffers with various cryoprotectants at two concentrations 
(U, O.5D). LSDo.05=17.8 

Extender Buffer Cryoprotectant and Concentration 

Glycerol DMSO PROH 

U O.5D U O.5D U O.5D 

Sodium citrate 12.0 26.2 33.2 37.3 33.0 31.2 

Tris citrate 29.3 30.5 19.3 23.5 25.0 23.8 

Skim milk 14.3 7.7 12.8 18.8 19.7 12.8 

Lactose 55.7 48.7 47.5 39.8 43.8 41.0 

Ram synthetic diluent 6.8 3.7 13.8 2.5 2.8 
! 7.5 

Sperm morphology: As with red deer, the morphological categories of sperm for each 

treatment are summarised in Appendices 4.19 to 4.20. 

Tris citrate generally gave the greatest (P<O.OO 1) percentage of normal sperm and DMSO (U) 

producing the overall maximum value (97.00.2%) (Table 4.10). Although DMSO was the 

optimal cryoprotectant this was not significant (P>O.l 0). 
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Table 4.10 Mean post-thaw (t=O) percentage of morphologicaIly normal faIlow deer sperm 
±2.2% (s.e.d) in extender buffers with various cryoprotectants at two 
concentrations (U, 0.5D). LSDo.os=4,4 

Extender Buffer Cryoprotectant and Concentration 

Glycerol DMSO PROH 

U 0.5D U O.5D U 0.5D 

Sodium citrate 94.0 95.5 96.5 95.8 93.0 96.7 

Tris citrate 94.5 94.8 97.0 96.5 94.5 96.2 

Skim milk 91.5 90.3 94.0 92.0 90.8 92.2 

Lactose 91.5 93.0 93.5 94.5 93.0 91.3 

Ram synthetic diluent 91.5 92.2 90.8 94.2 92.8 93.7 

4.4 Discussion: 

The overaIl optimum cryoprotectant for both red and faIlow deer was glycerol for extenders with 

egg yolk as a constituent. However, in both deer species DMSO was the optimun 

cryoprotectant for the ram synthetic diluent, with regard to percentage motility over the four 

hour incubation. 

Red deer: Tris citrate-glycerol (0.5D) was the optimal extender cryoprotectant combination in 

terms of percentage of motile sperm throughout the four hour incubation period. Although 

progressive motility scores had significant interactions at specific time periods, nothing 

conclusive could be deduced from these results, and the interactions could be simply due to large 

number of sampling periods and treatments. Lactose was clearly the superior buffer (P<O.OOl) 

for maintence of acrosome integrity across all cryoprotectant treatments. In terms of 

morphology, all extender treatments provided in excess of 83.0% normal sperm and therefore no 

detrimental effects could be attributed to the extender-cryoprotectant treatments, as this value 
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exceeds the minimum guidelines specified by Chenoweth et al. (1980), and Evans and Maxwell 

(1987). 

Fallow deer: Skim milk-glycerol (U) was the optimal extender cryoprotectant combination with 

respect to the initial post-thaw and two hour incubation period. As with red deer, the 

progressive motility scores had significant interactions at specific time periods. Again lactose 

was the superior buffer (P<0.OO1), regardless of cryoprotectant treatment, in terms of acrosomal 

maintainence. There was an additional main effect of buffer (P<0.OO1) with tris citrate giving the 

greatest percentage of normal sperm, however the normal morphology status across all the 

buffer teatments was in excess of90.8%. 

A goal of research in laboratory evaluation of semen has been ultimately to predict the fertility 

acheivable with the use of that semen. However, there are problems associated with 

identification of the most appropiate tests of sperm viability for determination of fertililty 

(Graham et al. 1980; Saacke 1983; Saacke et al. 1994; Wood et ai. 1986; Foote 1988; den Daas 

1992). This is due mainly to the poor repeatability of many tests (objectivity versus subjectivity), 

the interaction of semen quality and quantity in the inseminate, the effect of latent cell ~ury 

encountered in some systems of preservation, and identification of viability traits of sperm 

important to their retention and transport in the female reproductive tract as well as their abilily 

to fertilize oocytes and sustain embryogenesis (Saacke 1983). 

Studies of sperm activity within the female reproductive tract indicate that the sperm population 

which reaches the oviductal isthmus and the arnpullary junction are enriched in both viability and 

normal morphology compared with that of the typical ejaculate/inseminate (Polge et al. 1970; 
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Baker and Degen 1972; Krzanowska 1974; Mortimer 1977; Overstreet et al. 1978; Saacke et al. 

1988). 

Saacke and White (1972) showed that semen evaluation after incubation for two to four hours 

post-thaw was more closely related to fertility than viability measured immediately post-thaw. In 

contrast, other studies (Pace 1980; Pace et al. 1981; Saacke et al. 1980) have shown that 

viability measured immediately post-thaw is equally or more closely correlated with fertility than 

that measured after incubation. Evaluation of semen after incubation at or near body 

temperature following preservation by freezing makes good sense, because sperm must maintain 

viability at that temperature for some time in the female tract. However, in vitro incubation in 

the extender is probably different from that encountered by sperm in vivo where they become 

surrounded by the fluids and special conditions of the female tract. Wright and Bondioli (1981) 

showed that sperm incubated in vivo acheived higher oocyte penetation (in vitro) than did sperm 

incubated in vitro. Therefore, evaluation of sperm after in vitro incubation of semen in different 

extenders following freeze-thawing might provide misleading results compared with immediate 

post-thaw evaluation. As the ability of extenders to support viability at 37°C post-thaw also 

would be involved, the results of which may not relate to sperm survival in the female tract as 

sperm do not remain in the extender (Saacke 1983). 

Post-thaw incubation at body temperature can be important in the determination of latent cell 

injury. Studies by Sherman (1964) revealed that sperm can sustain injury from freeze-thawing 

that is latent in its expression as cell viability. For the viability measure, acrosomal integrity, 

frozen semen is of lower viability than unfrozen semen; however the difference between frozen 

and unfrozen semen becomes greater upon in vitro incubation up to four hours. This difference 

is an expression of latent cell injury. The nature of latent cell injury resulting from freeze thawing 

is complex. Two primary factors believed to be involved are formation of intracellular ice, which 
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. is lethal (Mazur 1980), and exposure to hypertonic conditions resulting from the removal of 

water as ice (Meryman 1974). A latent injury would be carried to the female, potentially 

shortening the functional life of sperm This would make in vitro incubation informative. 

Acrosomal integrity has proved to be a valuable criterion for determing cryoprotective properties 

of semen diluents and is highly correlated with fertilization ability (Pursel et ai. 1972a, b; Pursel 

and Johnson 1975; Saacke and White 1972; Saacke et al. 1980), as sperm which have 

undergone the acrosome reaction prematurely are incapable of fertilization. Acrosomal integrity 

is also seen as an irreversible viability trait and, when used in conjunction with sperm motility, 

could avoid errors in developing methods of semen preservation (Saacke 1983). 

The incidence of morphologically abnormal sperm has also been shown to affect fertility 

adversely in cattle (Cupps et ai. 1953; Saacke and White 1972; Linford et al. 1976; Senger et al. 

1981). Sullivan and Elliott (1968) postulated that differences among bulls in minimum number of 

motile sperm required for maximum conception were due to the generally higher levels of 

abnormal sperm in semen of low feltility bulls. Several studies supporting this concept have 

shown that there is selective impairment in transport of morphologically abnormal sperm in the 

female tract (particularly sperm with abnormal heads) at the cervix (Mortimer 1977), uterus 

(Mitchell et al. 1985), UTJllower isthmus and at the zona pellucida (Howard et al. 1993; Kot 

and Handel 1987; Krzanowska and Lorenc 1983). Sperm with abnormalities involving the tail 

are thought to be excluded or greatly impaired because of aberrant motility patterns; normal 

motility patterns are important to passage across these barriers, as mentioned above (Saacke et 

al. 1991). Percentages of sperm with head abnormalities, either in the oviduct of laboratory 

animals (Krzanowska 1974) or as accessory sperm in the zona pellucida of cattle (Saacke et al. 

1988), were lower than their percentages in the inseminate. It was concluded from observations 
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in these studies that selection against sperm acccessing the oviduct or zona pellucida (as 

accessory sperm) was based on severity of the morphological distortion, ie. misshapen sperm 

were not excluded. Dresdner and Katz (1981) reported that small geometrical differences in 

head morphology can cause large differences in sperm hydrodynamics. Thus impaired sperm 

motility characteristics may be the basis for sperm exclusion based on morphology. 

4.5 Summary and conclusions 

The use of more than one measure of sperm viability to evaluate sperm preservation methods 

appears to be important. Studies performed by Davis and Foote (1987) showed highest 

correlation to bull non-return rate (R2.:::; 0.97) when combining both acrosome quality and 

motility measurements. Similarily Wood et al. (1986) reported a higher correlation to bull non

return rate for a series of combined traits than for the best of the equations using a single trait. 

The useful characteristics were those which described motility before and after freezing, and 

abnormalities of sperm likely to inhibit movement are damaged and immature sperm. 

Based on the overall information provided in the discussion and the results of the in vitro semen 

evaluation carried out in the present study, the two overall optimal diluents trialled for red deer 

insemination (Chapter 5) were firstly tris-citrate (0.5D) based on both the immediate post-thaw 

and incubation performance (Figure 4.2) and, secondly, lactose-glycerol (D) based on lactose 

having the highest percentage of intact acrosomes (p<O.OOl). Glycerol was the best performing 

cryoprotectant for lactose based extenders (Appendix 4.4a). 

For fallow deer, the overall optimal two extenders were skim milk-glycerol (U), based on the 

intial post-thaw value and two hour incubation performance, and lactose-glycerol (D), based on 

post-thaw acrosomal maintainence. Glycerol (U) was the optimal cryoprotectant for the lactose 
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based buffer with regards to intial post-thaw and incubation (Appendix 4.14a). The sodium 

citrate-glycerol (U) extender, the traditional extender used in previous studies, was selected for 

the AI studies (in Chapter 5) for both deer species as a comparison basis for evaluation of other 

extender combinations. 
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5.1 Introduction 

In the first reported study of AI m red deer, Krzyw.inski and Jaczewski (1978) were able to 

obtaill 3 pregnancies from 12 hinds with frozen-thawed semen. Smce then mtravagmal, 

mtracervical and intrauterine inseminations of various species of deer with cryopreserved semen 

have been performed with varying degrees of success (Asher et at. 1988b, 1992b; Fennessy and 

Mackintosh 1988; Bowen 1989; Fennessy et al. 1990a; Haigh and Bowen 1991; Jabbour et al. 

1993). Fennessy et ai. (1990a) documented the results of six experiments involvmg AI of a total 

of 300 female red deer with cryopreserved semen over a period of 3 years. This study 

investigate4 oestrous synchronisation regimes, msemination techniques and the mteraction of 

various msemination times following progesterone withdrawal. Similarly, Asher et al. (1992b) 

conducted a large AI trial across five New Zealand farms, usmg a total of 547 parous fallow deer 

does, where inseminate dose, synchronisation technique, .insemination timing and 

absence/presence of a vasectomized buck were investigated. In both of these studies the 

diluenUextender in which the semen is frozen was not varied, bemg a sodium citrate-egg yolk 

based extender described by Krzywmski and Jaczewski (1978). There are no published accounts 

of large scale AI trials in cervids that have aimed to investigate the efficacy of frozen-thawed 

semen m various buffers and their associated cryoprotectants. The only on-farm AI study usmg 

2 different diluents (2% milk based and egg yolk-citrate based extenders) documented is that of 

Haigh and Bowen (1991) in which 200 red deer hinds on 2 farms in New Zealand were 

laparoscopically inseminated. However the emphasis was not on the diluent type but rather on 

the success of the oestrous synchronisation technique. 

The smaller scale studies ofDott and Utsi (1973: reindeer), Sankevich (1982: red deer), Duarte 

and Garcia (1989: brown brocket deer) and Jacobson et at. (1989: white-tailed deer) all 

investigated alternative extenders for cryopreservation of cervid semen. Dott and Utsi (1973) 
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achieved a nil conception rate with frozen-thawed semen. Jacobson et al. (1989) and Duarte and 

Garcia (1989) conducted preliminary laboratory studies to determine an optimum extender, 

however no in vivo comparative studies were performed. Although Sankevich (1982) 

performed in vivo evaluation of three extenders, with 16117 red deer hinds conceiving to AI at 

standing oestrus, no one extender outperformed another. Therefore the aim of the present study 

was to test a series of different extenders in vivo, across red and fallow deer, with the overall 

objective of improving conception rates to AI. 

5.2 Materials and Methods 

5.2.1 Experimental design 

A total of 205 mixed-aged (2-10 years old) red deer hinds, across 3 farms, were inseminated 

laparoscopically with frozen-thawed semen collected fi:om one red deer stag divided across 3 

extender treatments (sodium citrate-glycerol, tris citrate-glycerol and lactose-glycerol). 

Similarly, 278 mixed-aged fallow deer does of mixed genotype (IA. Mesopotamian vs European), 

across 3 farms were also inseminated laparoscopically with frozen-thawed semen collected from 

2 F1 hybrid fallow deer (Dama dama mesopotamica x Dama dama dama) bucks divided across 

three extender treatments (sodium citrate-glycerol, skim milk-glycerol and lactose-glycerol). For 

both species sodium citrate-glycerol has been widely used in other studies and was included here 

as the control. The remaining extenders were selected on the basis of in vitro performance 

(Chapter 4). The allocation of red deer hinds and fallow deer does across extenders treatments 

was random but balanced for equal sample sizes per treatment, within each farm. 

5.2.2 Semen collection, assessment and cryopreservation 

Semen was obtained by electroejaculation of a heavily sedated red deer stag, (tag W16) and two 

heavily sedated hybrid fullow deer bucks (tags Y3 and W583). Uniformity of semen to be used 
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throughout the AI trial required the pooling of semen from the two fallow deer bucks. The red 

deer stag produced sufficient semen of suitable quality to be used throughout the trial. 

Following collection (Section 4.2.2) the undiluted semen was assessed for wave motion and 

concentration of sperm (Section 4.2.3), whereby semen with a gross motility score ofless than 4 

was discarded. Thereafter, the semen was divided equally across the three extender treatments, 

and extended in a two-step dilution to a final concentration of l00x106 spermlml (Section 4.2.4). 

The extended semen was then vacuum loaded into 0.25 ml plastic straws and cryopreserved in 

an automated chamber freezer at a temperature of -75°C, with a subsequent temperature 

decrease to -125°C at a rate of -6°C/min (Section 4.2.6). Upon attainment of -125°C, the straws 

were immediately immersed into a wide-mouth dewar containing liquid nitrogen. The frozen 

straws were then packed into goblets and stored under liquid nitrogen immersion until required. 

Post-thaw assessment of the frozen sperm involved visual assessment of the percentage motile, 

forward progressive motilities and preparation of smears for morphology and acrosomal status 

estimates. These parameters were assessed at the post-thaw, t=O, and after a 2 h incubation 

(Section 4.2.7). 

5.2.3 Oestrous synchronisation 

Red deer: Red deer hinds were synchroni'ied with a single type-G CIDR device (InterAg, 

Hamilton, NZ) (9% progesterone) inserted intravaginally for a period of 12 days, with the device 

renewed on the eighth day. At CIDR device withdrawal 200 iu of PMSG (Folligon, Intervet 

Australia Pty Ltd., Lane Cove, NSW, Australia) was administered by intramuscular injection. 

Laparoscopic intrauterine AI was performed 56 h after device withdrawal (Asher et al. 1988c). 
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Fallow deer: Oestrous synchronisation of fallow deer does involved intravaginal insertion of a 

single type-G CIDR device for a period of 14 days. Laparoscopic intrauterine AI was perfonned 

70 h after device withdrawal (Asher et al. 1992b). 

5.2.4 Intrauterine artificial insemination 

For laparoscopic intrauterine inseminations, the fallow does were individually sedated with an 

intravenous injection of ketarnine hydrochloride (2.0 mglkg liveweight) and xylazine 

hydrochloride (1.0 rng/kg liveweight), whereas the red hinds were individually sedated with an 

intramuscular injection of 1.5 rnl fentanyl citrate/azaperone/xylazine hydrochloride mixture 

(Fentazin). Once recumbent, the females were placed on their backs in laparoscopy trolleys 

(Ruakura Lightweight Handling Trolley, Ruakura Engineering Development Group, Hamilton, 

NZ), tilted head-down at 30° and had their caudal abdomen shaved and surface disinfected (70% 

ethanol and 1 % sodium iodide solution). Thereafter, the abdomen was punctured with a Verres 

needle and inflated with carbon dioxide gas. Two trocars, one either side of the midline, were 

inserted approximately 10 cm anterior to themarnmary gland (Plate 7). The laparoscope (7 rnrn 

diameter: Karl Storz GmbH & Co, Tuttlingen, Germany) and the insemination pipette (IVM 

Cassou, LIAigle, France) containing thawed semen were inserted through the trocars, and the 

semen was injected into the lumen of both uterine horns, approximately one-half dose per hom. 

Following insemination and removal of trocars, 10 rnl of long-acting antibiotic (Propen LA; 

Glaxo, NZ Ltd, Auckland, NZ) was administered by intramuscular injection. Sedation was 

reversed in both species with an intravenous injection of yohimbine hydrochloride (0.4 mglkg 

liveweight) and the doeslhinds were returned to pasture. Thereafter they were joined with a 

fertile buck/stag 10 days after AI. The total procedure from start of sedation to reversal, as 

described by Asher et al. (1992b), lasted approximately 12-15 minutes per female. 
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Plate 7 Placement of trocars for laparoscopic AI 

Plate 8 Laparoscopic AI of a red deer hind. 
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5.2.5 Pregnancy diagnosis 

Ultrasound ~-mode imaging of the reproductive tracts of all inseminated fema1es was performed 

45-46 days after AI, using a 5MHz probe (Aloka Model SSD-21O DX 11, Aloka Co. Ltd, 

Japan) inserted rectally while they were restrained manually in a drop floor cradle (fallow deer) 

or in a crush (red deer). Conceptuses were classified into four groups; Day 45-46 (foetal crown-

lUmp length of 15-20 mm) indicating conception to AI, Day 30-35 (foetal length <8 mm) 

indicating conception after a short cycle return following insemination; Day 23-25 (embryo not 

visible but fluid filled cavity observed), indicating conception to a return oestlUS 21-22 days after 

AI and no visible pregnancy (Asher et al. 1992b). 

no. pregnant 
Conception rate (%) was calculated from these data as = x 100 

no. inseminated 

5.2.6 Statistical analysis 

Conception rate data (logit transfOlIDed) were analysed by unbalanced least-squares analysis of 

variance (ANOV A) using generalised regression procedures in Genstat for binomial data. The 

interaction effect of operator by genotype analysis was perfOlIDed using the same statistical 

procedures for logit transformed data. 

5.3 Results 

5.3.1 Red deer 

Post-thaw characteristics for semen from stag W16 are presented in Table 5.1. Lactose was the 

extender exhibiting the highest post-thaw percentage motility, sodium citrate the lowest (65% vs 

55%). This trend also occurred after 2 h incubation and in the percentage of acrosome intact 

spermatozoa, with lactose at 68% and sodium citrate at 47%. However this had no apparent 
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effect on conception rate to AI (Table 5.2). The overall conception rate (± s.e.m.) for 205 red 

deer hinds was 50.0±6.5%, with no significant difference between any extenders (P>O.lO) (Table 

5.2). However there was a farm by treatment interaction (x\ = 8.28: P<O.lO) which is due to 

the poor performance of the extenders tris citrate on farm C and lactose on farm B (33.3% and 

37.2% conception respectively) (Table 5.2). 

Table 5.1 Post-thaw evaluation of the semen from the red stag W16, used for AI 
(n=2 for each extender). 

Extender % Motility/progressive % Intact acrosomes % Normal No. live sperm 

motility score sperm inseminated 

to h to h to 

Sodium citrate 55/3 1012 47 10 84 13.7xl06 

Tris citrate 60/3 25/3 37 21 87 15.0xl06 

Lactose 65/4 50/4 68 48 90 16.3 X 106 

Table 5.2 Conception rates (%) in red deer hinds following laparoscopic AI with three 
different extenders. 

A 

Extender 

Sodium citrate 41.1 (17) 

Tris citrate 52.9 (17) 

Lactose 72.2 (18) 

Figure in brackets = sample size 
Farm A = Aorangi Red Deer Farm 
Farm B = Ruakura Deer Unit 
Farm C = Cambridge Red Deer Farm 

Farm Conception rate 

(± s.e.m.) 

B C 

54.8 (42) 44.4 (9) 50.3±6.5 

52.4 (42) 33.3 (9) 50.3±6.5 

37.2 (43) 62.5 (8) 49.5±6.5 
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5.3.2 Fallow deer 

Mean conception rates to AI in fallow deer does were high (range 65-71 %), with a trend 

(non-significant, P>0.10) for higher means from skim milk and lactose extenders (Table 

5.4). There was however, a significant genotype effect (X2
! = 5.78: P<0.05) whereby fallow 

deer of the 14 Mesopotamian genotype attained a higher overall conception rate 

(75.7±6.5%) than that of the European fallow deer (61.1±4.9%). In addition, there was 

also an inseminator by genotype interaction (X2! = 4.05: P<0.05), whereby one inseminator 

consistently achieved very high conception rates with the 14 Mesopotamian genotype fallow 

deer does (83.3±5.8%) (Table 5.5). 

Table 5.3 

Extender 

Sodium citrate 

Skim milk 

Lactose 

Post-thaw evaluation of the pooled fallow buck semen used for AI 
(n=2 for each extender). 

% Motility/progressive % Intact acrosomes % Normal No. live sperm 

motility score spermatozoa inseminated 

t() t2 to t2 to 

60/5 25/3 22 16 94 15.0x106 

70/5 25/3 31 28 85 17.5x106 

65/5 45/4 55 39 93 16.3x106 



93 

Table 5.4 Conception rates (%) in 14 Mesopotamian (Meso) and European (Euro) 
fallow deer does following laparoscopic AI with three extender treatments. 

Genotype 

A 
Meso. 

Extender 

Sodium citrate 75.0 (16) 

Skim milk S1.3 (16) 

Lactose S1.3 (16) 

Figures in brackets == sample size 
Farm A = Te Poi Fallow Deer Farm 
Farm B = Tirau Fallow Deer Farm 
Farm C = Opakei Fallow Deer Farm 

Farm 

B 
Meso. Euro. 

SO.O (10) 52.6 (3S) 

66.7 (12) 62.S (35) 

69.2 (13) 61.7 (34) 

Conception 
rate 

±s.e.m. 

C 
Euro 

60.0 (30) 64.9±4.9 

65.5 (29) 69.2±4.7 

69.0 (29) 71.2±4.6 

Table 5.5 Effect of inseminators on conception rates in fallow deer does of two distinct 
genotypes following laparoscopic AI. 

Inseminator % Conception rates (± s.e.m.) 

14 Mesopotamian European 

1 S3.3±5.S 56.S±5.0 

2 6S.2±7.3 65.4±4.S 
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5.4 Discussion 

In terms of conception rate to AI, the alternate extenders (skim milk: and lactose) either 

performed similarly to that ofthe control (sodium citrate) or better. However, there was no 

significant (P>0.10) improvement in the overall conception rates of both red and fallow 

deer. 

Red deer: The overall conception rate obtained here for red deer hinds (50.0±6.5%) is 

comparable to that of other documented AI programmes using a similar synchronisation 

regimen and insemination technique. Fennessy et al. (1990a) recorded an overall 

conception rate of 56%, with no difference between three times of insemination (48,52 and 

55 h). Similarly, Haigh and Bowen (1991) reported an overall conception rate of 51 % 

when inseminations were performed 54-56 h after removal of CIDR devices. 

The conception rate following laparoscopic intrauterine AI in the present study is similar to 

that recorded for natural mating at a synchronised oestrus (64% for 92 hinds synchronised 

with progesterone CIOR and PMSG; Moore and Cowie 1986). However it falls below the 

conception rate following natural mating at a single spontaneous oestrus during the normal 

breeding season (40/49 (82%); Fennessy et al. 1990a). This indicates that conception rates 

following oestrous synchronisation treatment are generally low, indicating some deficiency 

in techniques used. Oestrous synchronisation of red deer hinds for purposes of AI has 

routinely involved the administration of 150-250 iu PMSG at or near removal of CIDR 

devices (Asher et al. 1991). 

Asher et al. (1992a) found that the administration of PMSG at removal of CIDR devices 

reduced the mean interval to onset of oestrus and ovulation, but it did not reduce the 
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variance. PMSG, even at low dose rates, has been reported to increase the incidence of 

multiple ovulation and multiple births (Fisher et al. 1986b, 1989; Asher et al. 1988c; 

Fennessy et al. 1990b), although there is little evidence of major production losses through 

reduced fertility, increased embryonic loss and increased perinatal mortality in red deer 

(Fennessy et al. 1990b). However, in fallow deer, PMSG has been proven to be counter 

productive in AI programmes by Jabbour et al. (1991b) who demonstrated that although 50 

iu PMSG increased the incidence of ovulation and reduced the mean time to the onset of 

oestrous, the conception rate was reduced to 65.4% compared to that of the CIDR device 

alone with 84.6%. Thus the routine use of PMSG for oestrous synchronisation in red deer 

may warrant further evaluation for AI programmes conducted within the natural breeding 

season with regard to its administration at all, and an evaluation of a dose-response 

relationship with conception rates. 

Recent studies (Asher et al. 1992a; Berg et al. 1993; Jabbour et al. 1994) have reported 

that ovulation occurs in red deer hinds between 57-58 h post-CIDR withdrawal (CIDR + 

200 iu PMSG synchronisation regimen), with fertilization occurring 64 h post CIDR 

withdrawal (Berg et al. 1993). In light of the above recent studies, it is possible that the 

timing of AI should be reassessed. In these studies laparoscopic AI was performed 1-2 h 

prior to ovulation; this has several distinct disadvantages. 

(1) Insemination close to the timing of ovulation could be detrimental if the fImbriae are 

disturbed prior to ovum pick-up, whereas AI at an earlier time, would allow for 

some recovery of the fimbriae. 

(2) Spermatozoa must first undergo capacitationlhyperactivation and, thereafter, 

acrosome reaction in order for fertilization to occur. A population of competent 
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spennatozoa is required at or near the site of fertilization close to the time of 

ovulation, so that fertilization can occur before post-ovulatory ageing commences 

(Hunter 1980). A large number of studies indicated that viable spermatozoa are 

arrested in the caudal 1.5 to 2.0 cm of the oviduct during most of the period of 

oestrus, and only released towards the site of fertilization in the last hour prior to 

ovulation (Hunter and Nichol 1983). This emphasises the fact that this portion of 

the female duct system acts as a functional sperm reservoir, with the intervening 

portion of the isthmus regulating the number of ascending spermatozoa close to the 

time of ovulation, thereby minimizing the risk of polyspermic penetration (Hunter 

1987). Recent studies by Berg et al. (1993) found that capacitated and 

hyperactivated spenn was first observed in the isthmus 55 h post-CIDR withdrawal, 

of red hinds with a synchronised oestrus and that had been naturally mated. 

However, fertilization was first recorded to occur 64 h post-CIDR withdrawal. 

Laparoscopic AI only 1-2 hours prior to ovulation may provide insufficient time to 

establish a viable spermatozoa population. This in turn may lead to post-ovulatory 

ageing of the oocyte and an overall lowered conception rate. 

Although there was no significant extender effect here, lactose did produce the maximum 

percentage of acrosome intact spennatozoa. Haigh and Bowen (1991) also evaluated 

acrosome status of red deer sperm but there was no correlation between pregnancy rate and 

any of the criteria by which the ejaCUlates were evaluated. In contrast to that of Haigh and 

Bowen (1991), the number of live sperm cells inseminated in the present study were similar 

across the extender treatments (Table 5.1). Differences in acrosomal status did not seem to 

have an effect on conception rate. This could be offset by the fact that all the extender 

treatments had good post-thaw motilities (:2:: 55%) and subsequently a supra-optimal 
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population of live sperm cells was inseminated, on average greater than that used by Haigh 

and Bowen (1991). There was a significant farm by treatment interaction (P<O.lO) which 

can be accounted for by the low conception rates attained on Farm B and Farm C by the 

extenders lactose and tris citrate respectively, in comparison with their conception rates 

achieved on the other farms. 

Fallow deer: The overall mean conception rate of 68.4±4.8% for 278 fallow deer does is 

comparable to that (67%) documented by Asher et al. (1992b). There were no significant 

differences detected between extender treatments although lactose yielded the highest 

conception rate (71.2±4.7% vs 64.9±4.9 and 69.2±4.8%, P>O.lO). However, there was a 

genotype effect, whereby the 1,4 Mesopotamian genotype does attained an greater overall 

conception rate to AI than the European does (7S.7±6.S% vs 61.1±4.9%: P<O.OS). This 

was further complicated by an inseminator by genotype interaction (P<O.OS) whereby one 

inseminator achieved very high conception rates with the Mesopotamian genotype does 

(Table S.S), and for which no apparent explanation can be offered. Asher et al. (l992b) 

also noted that high conception rates were achieved in 1.41 Mesopotamian does when using % 

Mesopotamian semen and suggested that there were possible effects of genotype on 

fertilizing ability of semen andlor embryo survival. This was further confirmed by data from 

commercial AI in Australia (Mylrea et al. 1991), USA and New Zealand (G.W. Asher 

unpublished data). In support of this, conception rates to cryopreserved semen from pure 

Mesopotamian fallow bucks are generally lower in contemporary European fallow does. 

However, limited data from AI of part-Mesopotamian (14 and Y2 bred) does with the same 

pure Mesopotamian semen showed better overall conception rates (G.W. Asher unpublished 

data). In addition, unpublished studies of Asher et al. on reproductive seasonality of 

Mesopotamian and European fallow deer has shown that the 14 Mesopotamian hybrids tend 
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to initiate oestrous cyclicity approximately two weeks earlier, and exhibited about one extra 

cycle within the breeding season, than that of their pure European counterparts (G.W. 

Asher pers. comm.). Studies of Morrow et al. (1992) showed that as the breeding season 

progressed, the number of does exhibiting oestrus, following CIDR device withdrawal, 

increased from 0-10% to 89-100%, with the greatest response coinciding with the onset of 

the natural rut. In light of the above studies, females of the Mesopotamian genotype have 

the distinct advantage in that they enter the natural breeding season earlier than the 

Europeans, and therefore may respond more favourably to exogenous oestrous 

synchronization regimens. 

The protocol used here for laparoscopic intrauterine insemination of fallow deer with 

thawed spermatozoa has consistently yielded conception rates of 60-70% under a wide 

variety of field conditions (Mylrea et al. 1991; Asher et al. 1992b). This rate is comparable 

to that achieved for transcervical AI of dairy cattle in New Zealand (MacmiIlan and Asher 

1990). 

Although there was no significant extender effect, lactose did exhibit the greatest 

percentage of acrosome intact spermatozoa at post-thaw and 2 h later, with sodium citrate 

exhibiting the lowest percentage (Table 5.3). The fact that there was no significant effect of 

extender despite differences occurring in the in vitro assessments, indicates that factors 

other than sperm quality are affecting conception rates to AI. Morrow (1992) observed a 

marked interaction between does exhibiting oestrus and the duration of CIDR device 

insertion, whereby a high proportion of does responding to short-term treatment (8-day 

CIDR duration), conceived to AI. In contrast the greater oestrous response observed for 

the long-term treatment (17 and 20-day CIDR duration) was associated with a lower 
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conception rate. This then warrants further investigation into the potential of short-term 

treatment durations for synchronisation of oestrous with respect to improving conception 

rates in AI programmes. 

5.5 Summary and conclusions 

For both species of deer there were no significant differences observed in the extender 

treatments with regard to conception rates. Fallow deer had a higher overall conception 

rate (68.4%) in comparison with red deer (50.0%), both of which are comparable to other 

documented studies (fallow: Mylrea et al. 1991; Asher et ai. 1992b; red: Fennessy et al. 

1990a; Haigh and Bowen 1991). Both red and fallow deer females are highly fertile, 

exhibiting conception rates of 82% (Fennessy et al. 1990a) and 85% (Asher 1986; 1987) 

respectively, following natural mating at first oestrus. Clearly oestrous synchronisation 

regimes warrant fmiher investigation for red deer, especially the use of PMSG within the 

natural breeding season. In addition, earlier fixed time inseminations of red deer needs to be 

re-evaluated both with and without the use of PMSG within the oestrous synchronisation 

regime. Although fallow deer have good conception rates (73% being highest published; 

Asher et al. 1992b), using the present synchronisation regime (14 d CIDR duration, 

laparoscopic AI being performed 70 h post-CIDR withdrawal), this may be improved by a 

shorter term treatment (8 d CIDR duration) as recorded by Morrow (1992). 

The in vitro asssessment of the extender treatments was not reflected in the in vivo 

assessments in the present study. This may be explained by Salisbury and VanDemark 

(1961) who proposed an asymptotic model describing the relationship of semen viability and 

fertility in which maximum fertility for a given popUlation of females is attained by 

increasing to a given number (threshold) of sperm having a certain characteristic of viability. 
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Further increases of sperm having this characteristic would not improve fertility. Assuming 

the model is correct, in an experiment defining the relationship of a quality trait to fertility, 

they found that if the semen used exceeded the threshold no relationship would be found. 

Conversely, semen characteristics studied at inseminated dosages below the threshold might 

have a high correlation with fertility. This model has held for a number of laboratory 

measured traits of viability including progressive motility (Sullivan and Elliott 1968), 

photomotility (Elliott et al. 1973), intact acrosomes (Saacke and Marshall 1968), swelling 

of sperm in hypotonic medium (Smith and Graham 1976), and proportion of sperm passing 

through a Sephadex filter (Graham et ai. 1976). 

Thus it is probable in the present study that the use of excessive numbers of sperm resulted 

in the viability of individual sperm to be masked by the remaining competant cells. As such, 

strong correlations could not be identified between semen characteristics and fertility in this 

experiment. In addition, there are other factors involved in fertilization such as oestrous 

synchronisation regimes and the timing of AI which requires additional evaluation, as 

reflected in the conception rate to AI versus natural mating to natural oestrus. 
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CHAPTER SIX: 

GENERAL CONCLUSIONS 

Through improved techniques of semen preservation and rutificial insemination, we seek the 

minimum number of sperm per dose required for maximum fertility. Thus traits of semen quality 

relevant to evaluation of preservation techniques are important. The overall objective to 

improve conception rates to AI, by identification of a superior extender-cryoprotectant 

combination for red and fallow deer, was not acheived. In vitro evaluation identified significant 

superior extender-cryoprotectant combinations for both red and fallow deer which were different 

to those currently in use. However, these differences were not reflected in conception rates to 

AI. This may be accountable by the asymptotic relationship that exists between semen viability 

and fertility. On this basis, evaluation of fertility for semen preservation procedures would be 

dependent upon the sperm numbers in doses inseminated as well as variance among treatments 

for semen viability (Salisbury and VanDenmark 1961: Wood et al. 1986; den Daas 1992; Foote 

1988). 

In addition, there were several experimental limitations. The major limitation was inadequate 

animal numbers to accurately correlate semen viability with fertility. Foote (1988) reported that 

large numbers of females are required for inseminations otherwise correlations with semen 

quality will underestimate biological relationships. The second limitation was that the assessment 

of sperm motility and progressive motility were very SUbjective, and may have been more 

accurate had computerised tracking of the trait been available. 

However, this study has clearly outlined several areas which require further research in order to 

optimise conception rates to AI within the deer industry. The main areas of priority for red deer 
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would be oestrous synchronisation, and the use of PMSG within the natural breeding season: its 

effect on conception rates compared to the contempory studies based on ovulation timing 

(Fennessy et al. 1989; Asher et al. 1992a; Jabbour et al. 1994). Also, the timing oflaparoscopic 

AI, needs to be re-evaluated based on the recent findings of Berg et al. (1993). 

Although fallow deer have exhibited higher conception rates to AI than that of red deer, 

conception rates to AI may be enhanced by a shorter CIDR treatment duration than that 

currently in use (8 day versus 14 day) (Morrow 1992). 

If in vitro laboratory assessments of deer semen are to be valuable predictors of fertility the 

establishment of a dose response curve relating cryopreserved sperm dose to fertility using 

laparoscopic AI, needs to be addressed. This has been touched upon by Asher et al. (l992b) for 

f-allow deer. It does however warrant more in-depth study for both red and fallow deer. 
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APPENDICES 

A2 Detailed formulations of the extenders utilised 

A2.1 2.9% Sodium citrate (Kryzwinski and laczewski 1978) 

Part A 

80 ml 2.9% sodium citrate 

1.25 g fructose 

0.1 g streptomycin sulphate 

20 ml egg yolk 

PrutB 

64 ml 2.9% sodium citrate 

20 ml egg yolk 

16 ml glycerol 

(500Ilg/ml final concentration) 

(sourced from a commercial poultry farm) 

A2.2 Tris citrate (Evans and Maxwell 1987) 

Prut A 

3.63 g Tris (hydroxymethyl) a111inomethane 

0.50 g fructose 

1.99 g citric acid 

14 ml egg yolk (see A2.1) 

0.06 g penicillin G (sodium salt, 500iu/ml final concentration) 

0.1 g streptomycin sulphate (500 ill/ml final concentration) 

Made up to 1001111 with glass distilled water 

PartB 

3.63 g Tli') (hydroxymethyl) amino methane 

0.50 g fructose 

1.99 g citric acid 

14 ml egg yolk 

161111 glycerol 

Made lip to 100 ml with glass distilled water 
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A2.3 Skim milk (Vinha and Coughbrough 1978) 

20 g of non fat instant skim milk powder (Anchor New Zealand Milk Cool'poration Ltd, 

Auckland, NZ) was reconstituted with 180mldistilled water and pa.<;teudsed. 

Part A 

90 m1 skim milk 

10 m1 egg yolk 

0.06 g penicillin G 

0.1 g streptomycin sulphate 

PartB 

78 ml skim milk 

10 ml egg yolk 

12 m1 glycerol 

Pasteurisation 

(see A2.l) 

(sodium salt, 500iu/ml final concentration) 

(50iu/ml tinal concentration) 

A glass cortical flask containing milk wa<; placed in a water bath and heated slowly. When the 

water started to boil, 8-10 minutes was allowed for heating the milk, during which time the milk 

reached a temperature of 92-95°C. The milk was not allowed to reach boiling point and the flask 

was covered with aluminium foil to ensure the milk was not contaminated with water. Following 

8-10 minutes of heating the milk was allowed to cool. Thereafter the skim milk was filtered with 

No 1 Whatman filter paper to enhance visibility of the extended semen under the microscope. 



A2.4 Lactose (Dott and Utsi 1973) 

Part A 

80 ml O.3M lactose 

20 ml egg yolk 

0.06 g penicillin G 

0.1 g streptomycin sulphate 

PartB 

20 ml egg yolk 

6 ml glycerol 

(see A2.1) 

(sodium salt, 500iu/ml final concentration) 

(500iu/ml final coneentration) 

74 ml 0.3M lactose 
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Centrifugation of the extender for 20 minutes at 2000 rpm prior to the addition of the 

cryoproteetant. enhanced the visibility of sperm for post-thaw evaluation. 



A2.S Ram synthetic diluent (RSD-l) CUpreti et al. 1991) 

Part A 

137.3 mg 

35.0 mg 

15.0 mg 

14.S mg 

12.2 mg 

30.2 mg 

55.0 mg 

80.0 mg 

93.6 mg 

216.2 mg 

26.2 mg 

2.9mg 

10.0 mg 

2.0mg 

100.0mg 

SO.Omg 

NaCl 

KCI 

KH2P04 

MgS04.7H20 

MgCh.6H20 

NaHC03 

Na pyruvate 

Na fumarate 

Na glutamate,fhO 

glucose 

MOPS (3-[N-MorpholinoJpropanesulphonic acid) 

CaCh.2H20 

streptomycin sulphate (O.lmg/ml) 

penicilin G (sodium salt; 100iulml) 

Polyvinyl Alcohol (PVA) 

Bovine Selllm Albumin (BSA column fraction V) 
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Made up to lOamI with sterile milli-Q water, adding BSA after the addition of the water, and 

adjusted to a pH of7.1 with 1M NaOH 

PartB 

As above but with glycerol, compri.sing a tinal concentration of 12% v/v. 



A3 Formulations of the stains utilised 

A3.1 Eosin and nigrosin supravital stain 

(from New Zealand Dairy Board, Newstead, Hamilton) 

15 g sodium citrate 

4g 

2.5 g 

500 ml 

eosin bluish (GUll', CI 45400, BDH Chemicals Ltd Poole,England) 

nigrosin (GUl'l", CI 50420, BDH Chemicals Ltd Poole, England) 

distilled water 
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The mixture was heated to 82°C until dissolved after which it was then allowed to cool The 

cooled stain was filtered times prior to aliquoting and storage at -100C, 

A3.2 Stain for the acrosomal status of sperm 

(Blyan et al. 1977 ; Lenz et a/. 1982) 

1 Solution A 

0.1 % naphthol yellow S (Flavianic acid, Sigma Chemical Co., St Louis, MO, USA) in 1.0% 

acetic acid 

2 Solution B 

0.2% aqueous naphLhol yellow S 

3 Solution C 

0.2% aqueous erythrosin B (Sigma Chemical Co., St Louis, MO, USA). 

4 For use eqtlUI parts of Solutions Band C were mixed, adjusting the pH to 5.0 with 1.0% 

acetic acid. Erythrosin B will precipitate out of solution at a pH<4.6. 

5 The above solution was ftltered with No 1 Whatman ftlter paper. 

6 Elythrosin B is subject to photochemical degradation, therefore all solutions containing 

erythrosin B were kept in the dark and staining took place in the dark. 
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Staining Procedure 

1 A volume of 101-l1 of semen was placed at one end of the slide and gently smeared over the 

slide. The smear is allowed to ail' dry overnight before staining. 

2 The slides were placed in Solution A for 30 minutes at room temperature 

3 Thereafter the slides were blotted dry between layers of paper towels and rinsed subsequently 

in 1.0% aqueous acetic acid for 10-15 seconds 

4 The slides were then drained and stained in the dye mixtme (B+C) for 14 minutes, thereafter 

they were then tl'anSfelTed and rinsed in distilled H20 adjusted to pH 4.6-5.0 with acetic acid. 

5 The rinsed slides were blotted with paper towels and allowed to air dry, after which they were 

mounted and viewed at lOOx under oil immersion with a green fIlter. Intact acrosomes appear 

red (apical ridge) while reacted acrosomes have no apical ridge. 
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Appendix 4.1(a) Post-thaw percentage of motile red deer sperm and (b) Forward 
progressive motilities of red deer spelm over time in a sodium citrate based 
extender with alternate cryoprotectants and concentrations (U & O.SD). Vertical 
bars denote the least significant difference (LSDo.os). 
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--- Glycerol (U) 
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--... PROH (U) -. Glycerol (0.50) -. OMSO (0.50) -. PROH (0.50) 

Appendix 4.2 (a) Post-thaw percentage of motile red deer sperm and (b) Forward 
progressive motilities of red deer sperm over time in a tris citrate based extender with 
alternate cryoprotectants and concentrations (U & O.SD). Vertical bars denote the 
least significant difference (LSDo.os). 



(a) 90 

80 

70 

60 -~ 
e..... 50 
>-

!::: 

:g 40 
~ 

30 

20 

10 

0 

(b) 5 

4 

>
:!: 
~ 

~3 
(1) 

> 
(/) 
(/) 

~ 2 
C') 
o ... 
c.. 

1 

Skim milk 

I I I I I I I 

.-. .- .. - -e- - - .. - - -. 

I I I I 

O--~~-r--~-'--~----~----~ 
o 0.5 1 1.5 2 3 4 

Time (hours) 

--- Glycerol (U) 

--- OMSO (U) 

--- PROH (U) -. Glycerol (0.50) -. OMSO (0.50) -. PROH (0.50) 

Appendix 4.3 (a) Post-thaw percentage of motile red deer sperm and (b) Forward 
progressive motilities of red deer sperm over time in a skimmilk based extender 
with alternate cryoprotectants and concentrations (U & O.SD). Vertical bars denote 
the least significant difference (LSDo.os) . 
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Appendix 4.4 (a) Post-thaw percentage of motile red deer sperm and 
(b) Forward progressive motilities of red deer spenTI over time in a lactose 
based extender with alternate cryoprotectants and concentratiqns (U & O.SD). 
Vertical bars denote the least significan difference (LSDoos). 
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Appendix 4.5 (a) Post-thaw percentage of motile red deer sperm and 
(b) Forward progressive motilities of red deer sperm over time in a ram 
synthetic diluent with alternate cryoprotectants and concentrations (U & O.SD). 
Vertical bars denote the least significant difference (LSDo.os) . 
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Appendix 4.6 Mean post-thaw (t=O) percentage of acrosome damaged red deer sperm 
±1O.8% (s.e.d) in extender buffers with various cryoprotectant.o;; at two 
concentrations (U, 0.50). LSOo.os=21.6 

Extender Buffer Cryoprotectant and Concentration 

Glycerol OMSO PROH 

U 0.50 U 0.50 U 0.50 

Sodium citrate 55.8 41.0 34.8 42.3 44.7 41.0 

Tris citrate 39.0 31.5 36.5 41.0 21.0 35.2 

Skim milk 60.0 62.2 57.0 47.5 56.7 48.3 

Lactose 35.8 33.8 30.3 26.2 34.7 42.8 

Ram synthetic diluent 43.2 49.5 ·57.5 47.8 47.5 46.3 

Appendix 4.7 Mean post-thaw (t=O) percentage of acrosome loosened red deer sperm 
± 3.7% (s.e.d) in extender buffers with various cryoprotectants at two 
concentrations (U, 0.50). LSOo.os=7.4 

Extender Buffer Cryoprotectant and Concentration 

Glycerol OMSO PROH 

U 0.50 U 0.50 U 0.50 

Sodium citrate 11.5 6.2 12.8 8.0 10.3 9.2 

Tris citrate 7.3 4.8 8.2 6.8 16.0 7.5 

Skim milk 0.7 1.0 1.5 0.3 0.7 1.0 

Lactose 4.5 6.3 8.8 8.2 5.5 6.0 

Ram synthetic diluent 17.2 11.7 8.7 12.2 10.3 7.3 
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Appendix 4.8 Mean post-thaw (t=O) percentage of acrosome missing red deer sperm 
± 10.0% (s.e.d) in extender buffers with various cryoprotectants at two 
concentrations (D, 0.5D). LSDo.05=20.0 

Extender Buffer Cryoprotectant and Concentration 

Glycerol DMSO PROH 

D 0.5D D 0.5D D 0.5D 

Sodium citrate 17.0 8.2 17.5 8.2 20.3 19.3 

Tris citrate 11.3 11.0 13.2 10.8 12.5 13.7 

Skim milk 33.0 32.7 31.8 41.2 30.7 39.3 

Lactose 9.3 8.8 9.5 8.7 12.2 14.8 

Ram synthetic diluent 19.8 23.7 14.5 25.3 20.7 16.5 

Appendix 4.9 Mean post-thaw (t=O) percentage of red deer sperm with primary 
abnormalities ± 1.3% (s.e.d) in extender buffers with various cryoprotectants 
at two concentrations (D, O.5D). LSDo.05=2.6 

Extender Buffer Cryoprotectant and Concentration 

Glycerol DMSO PROH 

D O.5D D 0.5D D O.5D 

Sodium citrate 3.8 2.3 2.3 2.0 2.5 3.2 

Tris citrate 2.7 4.0 1.7 2.0 2.8 3.0 

Skim milk 1.5 2.8 3.0 3.5 2.8 2.7 

Lactose 2.8 4.8 2.5 2.8 3.5 2.0 

Ram synthetic diluent 3.3 3.0 2.5 1.5 2.0 3.3 
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Appendix 4.10 Mean post-thaw (t=O) percentage of red deer sperm with secondary 
abnormalities ± 2.2% (s.e.d) in extender buffers with various cryoprotectants 
at two concentrations (U, 0.5D). LSDo.os=4.4 

Extender Buffer Cryoprotectant and Concentration 

Glycerol DMSO PROH 

U 0.5D U 0.5D U 0.5D 

Sodium citrate 7.5 6.0 5.5 6.5 5.8 8.2 

Tris citrate 14.0 7.2 7.0 6.0 6.7 4.8 

Skim milk 12.2 9.2 10.0 7.5 7.3 7.7 

Lactose 7.0 12.2 11.3 10.2 15.0 9.0 

Ram synthetic diluent 11.8 7.7 10.5 6.8 9.2 7.7 
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Appendix 4.11 (a) Post-thaw percentage of motile fallow deer sperm and 
(b) Forward progressive motilities of fallow deer spelm over time in a sodium 
citrate based extender with alternate cryoprotectants and concentrations 
(D & 0.50). Vertical bars denote the least significant difference (LSOoos). 
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Appendix 4.12 (a) Post-thaw percentage of motile fallow deer sperm and 
(b) Forward progressive motilities of fallow deer spelm over time in a His citrate 
based extender with altemate cryoprotectants and concentrations (U & 0.50). 
Vertical bars denote the least significant difference (LSDo.os) . 
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Appendix 4.13 (a) Post-thaw percentage of motile fallow deer sperm and 
(b) FOlward progressive motilities of fallow deer spelm over time in a skim 
milk based extender with alternate cryoprotectants and concentrations 
(U & O.5D). Vertical bars denote the least significant difference (LSDo.05) . 
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Appendix 4.14 (a) Post-thaw percentage of motile fallow deer spelm and (b) Forward 
progressive motilities of fallow deer sperm over time in a lactose based extender with 
altemate cryoprotectants and concentrations (U & 0.50). Vertical bars denote the least 
significant differencee (LSOo.os) 
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Appendix 4.15 (a) Post-thaw percentage of motile fallow deer sperm and 
(b) Forward progressive motilities of fallow deer spelm over time in a ram 
synthetic diluent extender with altemate cryoprotectants and concentrations 
(U & O.5D). Vel1ical bars denote the least significant difference (LSDo.os). 
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Appendix 4.16 Mean post-thaw (t=O) percentage of acrosome damaged fallow deer sperm 
± 12.0% (s.e.d) in extender buffers with various cryoprotectants at two 
concentrations (U, 0.5D). LSDo.os=24.0 

Extender Buffer Cryoprotectant and Concentration 

Glycerol DMSO PROH 

U 0.5D U 0.5D U 0.5D 

Sodium citrate 62.0 55.8 43.8 49.8 39.7 47.2 

Tris citrate 48.8 49.2 58.8 51.0 44.0 47.0 

Skim milk 62.0 60.0 65.8 61.3 62.5 58.8 

Lactose 33.3 38.2 38.0 44.3 40.0 42.2 

Ram synthetic diluent 63.3 65.2 40.5 42.2 30.2 35.5 

Appendix 4.17 Mean post-thaw (t=O) percentage of acrosome loosened fallow deer sperm 
± 8.0% (s.e.d) in extender buffers with various cryoprotectants at two 
concentrations (U,0.5D). LSDo.os=16.0 

Extender Buffer Cryoprotectant and Concentration 

Glycerol DMSO PROH 

U 0.5D U 0.5D U 0.5D 

Sodium citrate 1.3 2.7 2.5 1.8 2.3 3.0 

Tris citrate 4.2 3.0 2.8 2.8 1.8 2.5 

Skim milk 2.0 1.5 1.3 0.8 0.3 0.3 

Lactose 1.7 1.2 2.5 2.5 3.5 3.3 

Ram synthetic diluent 9.3 9.0 31.3 22.2 44.5 39.2 
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Appendix 4.18 Mean post-thaw (t=O) percentage of acrosome missing fallow deer sperm 
± 6.1 % (s.e.d) in extender buffers with various cryoprotectants at two 
concentrations (U, 0.5D). LSDo.o5=12.2 

Extender Buffer Cryoprotectant and Concentration 

Glycerol DMSO PROH 

U 0.5D U 0.5D U 0.5D 

Sodium citrate 24.7 15.3 27.2 11.0 25.2 17.8 

Tris citrate 17.0 17.3 19.0 22.7 29.2 26.7 

Skim milk 21.8 31.0 20.0 19.3 17.5 28.0 

Lactose 10.2 12.0 12.0 15.0 12.7 13.5 

Ram synthetic diluent 20.5 22.2 14.2 32.7 22.7 17.8 

Appendix 4.19 Mean post-thaw (t=O) percentage offallow deer sperm with primary 
abnormalities ± 1.1 % (s.e.d) in extender buffers with various cryoprotectants 
at two concentrations (U, 0.5D). LSDo.05=2.2 

Extender Buffer Cryoprotectant and Concentration 

Glycerol DMSO PROH 

U 0.5D U 0.5D U 0.5D 

Sodium citrate 1.5 2.3 1.0 1.8 3.0 1.2 

Tris citrate 2.0 1.8 1.3 1.7 2.8 1.8 

Skim milk 3.2 3.8 2.0 4.3 4.0 3.2 

Lactose 3.8 2.2 2.7 1.7 2.2 2.8 

Ram synthetic diluent 2.3 2.7 4.5 2.2 2.8 2.7 
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Appendix 4.20 Mean post-thaw (t=O) percentage of fallow deer sperm with secondary 
abnormalities ± 1.6% (s.e.d) in extender buffers with various cryoprotectants 
at two concentrations (U, 0.5D). LSDo.os=3.2 

Extender Buffer Cryoprotectant and Concentration 

Glycerol DMSO PROH 

U O.5D U 0.5D U 0.5D 

Sodium citrate 4.5 2.2 2.3 2.3 4.0 2.2 

Tris citrate 3.5 3.3 1.7 1.8 2.7 2.0 

Skimnillk: 5.3 6.0 4.0 3.7 5.2 4.7 

Lactose 4.7 5.0 3.8 3.7 5.2 5.8 

Ram synthetic diluent 6.2 5.2 4.7 3.5 4.3 3.7 
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