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CURRENT TECHNOLOGY AND ECONOMICS OF ARTIFICIAL
BREEDING OF CERVIDS

G.W. Asher, P.F. Fennessy and D.K. Berg
Introduction

While traditional species of domestic ruminants (e.g. sheep, cattle, goats) are the product ol
several thousand generations of selecuve breeding, farmed red deer (Cervus eluphus) and
fallow deer (Dama dama) have been husbanded intensively for less than 10 gencrations and
differ little genetically from their wild progenitors. However, considerable research and
development has been invested into artificial breeding technologies for tarmed deer within the
last 10-12 years 1n order to facilitate increased rates of genctic gain through on-larm selec tion
programmes and to improve performance under New Zealand’s umque pastoral condiuons
The purpose of this paper 1s o review the "state of the art” of these technologies, with
particular reference to out-of-scason breeding, artificial insemination, embryo transter, im-vitio
production of embryos and twinning.

Out-of-season Breeding

Rationale: The rigid reproductive and growth seasonality of red and fallow deer imposes
certain productive constraints in much of New Zealand’s pastoral envitonment  In particular,
there 15 often a poor synchrony between the high energy demands of lactation n summer and
the peak of pasture production and quality occurring in spring. Alignment of the barth scason
with spring pasture producuon, by advancing mating by up to two months, could lacilitate
increased lactational yiclds and call/tawn growth rates (30, 33). This has been attempted by
two means: the use of intravaginal CIDR devices + PMSG/GnRH 1n temales, and treatment
of males and/or females with exogenous melatonin.

Progesterone + PMSG/GnRH. Gonadotrophic stimulation, using pregnant mare serum
gonadotrophin (PMSG) or gonadotrophin-releasing hormone (GnRH) 1n conjunction with
intravaginal progesterone treatment (1 e. CIDR devices), has been used to induce ovulation in
red deer hinds and fallow deer docs prior 1o the normal breeding scason (15, 17, 39, 44, 46,
52, 56, 8%).

Dosages ol 200-400 1.u. PMSG o red deer hinds , delivered by single intramuscular mjection
around the tme of removal ol CIDR devices, 15 gencrally successtul 1 mducing
ocstrus/ovulatory responses 2-3 weeks before the onset ol natural mating activity, with
cthicacies  approaching  90-95% lor yearling and lactaung adult hinds (39, 44)
Pregnancy/calving rates of between 69 and 84% 10 induced ovulation have been tecorded
following natural maung (39, 52), although the ncidence ol barren hinds and (winning hinds
1s occastonally higher than 1n untreated groups (39). Low libido of stags has been noted as
a problem 1n some studies.

In one study on [allow deer, in which adult does received 500 1u PMSG at withdiawal of
CIDR devices 3-4 weeks before the natural 1ut, an extremely low pregnancy rate (.e 3/20)
was obtained. This was attributed to a high incidence of muluple ovulations and low libido
of bucks (17). Subscquent studics using lower dosages of PMSG (100-200 1 u ) have also
encountered low overall pregnancy rates (G W. Asher, unpublished data), and 1t 1s now
thought that all forms of PMSG dehivery to fallow deer (1.e. within season and out-ol-season)
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arc associated with a marked reduction 1n ferulity (70).

Delivery of synthetic GnRH via osmouc minipump (200-500 ng hr') during the
preovulatory/ovulatory period (1.¢. for seven days prior to withdrawal of CIDR devices) has
been partally effective in 1inducing ovulation in yearhing and lactating adult red deer hinds
(44) and non-lactating adult fallow deer does (15) 3-8 weeks prior to the natural breeding
season. However, both studies reported low pregnancy rates to induced ovulation that were
almost certainly due to sub-ferulity ol stags/bucks. Premature regression of induced corpora
lutea was also obscrved for some fallow does.

These techniques of early induction of oestrus/ovulation 1n female deer have recerved hittle
practical application within the last 5-6 years This 1s probably attributed to one or other of
the following factors : high costs, variable responses, mcreased incidence of twinning (PMSG
treatment), complex application (subcutancous minipump nsertion) and the recent commercial
introduction ol melatonin implants that allow coinciding treatment of both males and lemales

Melatonin: Detailed studies in mammals have shown that the circadian pattern of secretion
of the pincal hormone, melatonin, mediates the eftect of photoperiod on reproduction (36, 74)
Meclatonin 1s secreted only during darkness 1n all mammals studied, including sheep (7) and
fallow deer (21) Numerous studies over the last 10 years have shown that administration of
exogenous melatontn during long photoperiods induces carly reproductive tunction 1n 1ed and
tallow deer (30).

The various methods of melatonin delivery applied to deer tall into two broad categories. (a)
daily administration at a fixed interval prior to the onset of darkness (1¢ augmentation of
endogenous melatonin secretory patterns) and (b) long-term 1nfusion via slow-release implants
While daily administration 1s analogous to the pattern of endogenous melatonin secretion that
would be expected to occur during shorter photoperiods, implants elevate plasma melatonin
concentrations for protracted periods (30-120 days), eftectively “swamping’ the cncadian
pattern of endogenous secretion. Both forms of admimstiation have been shown o induce
simular overall effects on reproductive scasonality but may differ in the way n which ellects
are mediated (82).

Daily oral adminstration of exogenous melatonin, gencrally by alternoon feeding of
melatonin-laced concentrate rations, has been applied o white-tailed deer (Odocoleus
virginianus; 40), red deer (2. 3, 4, 5, 6, 46, 87, 93, 102) and tallow deer (20). However,
unless the appropriatc dosage (5-20 mg melatonin per animal) 18 admimstered directly o
individual ammals (e.g. 2, 40) the efficacy of the technique 15 limited by individual and daily
variations in food intake when melatonin 1s administered orally 1n feed w groups ot deer (20,
46, 102). Dailly administration ot melatonin via mntra-muscular mnjection has been applied 10
pubertal red deer hinds (101), and ensures appropriate dosage delivery (¢.g 3.75 mg melatonin
per hind) but necessitates considerable labour inputs into animal handling

More recent studies on deer have tended to utilise constant-infusion techniques [or melatonin
dehivery, thus reducing labour inputs and trequency of animal handling. Large (42-50 ¢m?)
silastic subcutancous mplants containing crystalhine melatonin (500-1000 mg) have been used
n red deer (83) and fallow deer (91) to modity reproductive seasonality. However. the 1ecent
development of a novel form of melatonin 1nfusion has provided a more practical alternative
to cumbersome silasic mmplants.  Small (< 40 mm?) coated pellet implants (Regulin,
Schering, Alexandria, NSW, Australia), each contamning only 18 mg melatonin, ate capable
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of elevating daytime plasma melatonin concentrations to levels comparable to endogenous
mghttime levels for periods ol more than 40 days when administered singularly to fallow deer
(21) or as muluple (two to three) implants to red deer (12, 103) Recgulin implants have been
uscd to manipulate reproductive seasonality in a number of studies on red deer (12, 46, 54,
57, 103, 104, 105) and fallow deer (21) Given the case of application ot Regulin implants
over all other forms of melatonin delivery, we consider further only those studies involving
Regulin usage 1n farmed deer.

Numerous studies have shown that strategic admimistration of Regulin implants to pubertal red
deer hinds and lallow deer does starting at 10-12 months of age results 1n advancement of first
oestrus, ovulation, conception and parturition (12, 21, 44, 54, 57, 104, 105). However, the
degree of advancement of treated [emales relative to control females has been highly vanable
between studies, reflecting a wide range of treatment protocols including the ume of onset ol
treatment (i e. 100-200 days after the winter solstice), the duration of treatment (30- 180 days)
and the potential of social interaction between treated and control animals (1¢  social
facilitation effects). Further to these protocol variables, there are probably confounding eftects
of environmental variables such as latitude and nutriion. Whaile 1t 15 dilficult to sepatate the
absolute effects of all these varables, 1t 15 possible to reach some conclusions with respect o
trcatment protocols.

The tume of onset of treatment possibly accounts for most of the varation n scasonality
responses obscrved between studies.  Advancement of the breeding season ol pubertal
hinds/does necesstlates the mitation of melatonin treatment during the preceding
spring/summer months. Recent studies have investigated the effect of uming ot mnitation ol
Regulin implantation treatment during this period on advancement of puberty of red deer hinds
(12, 59). 1In one study (12) the potential effects of social tacilitation were miimmised by
maintaining all trcatment and control groups 1n complete 1solation from cach other
Treatments of both hinds and stags were mntiated at 100 (Group 1), 140 (Group 2) and 180
(Group 3) days alter the winter solstice (shortest day) and continued untl all signs ol oestrous
activity were over. Relative o control hinds, the mean dates ol [irst oestrus, conception and
parturition were advanced by 54 days, 50 days and 48 days, respectively, 1n Group 1, 46 days,
41 days and 38 days, respectively, in Group 2 and 22 days, 22 days and 20 days, respectively,
in Group 3, clearly demonstrating a highly signilicant effect of treatment intiation date
However, the 1ntervals between the mitiation of treatment and the mean date of Lirst oestius
were 147 days, 109 days and 90 days for Groups 1, 2 and 3 respectively, indicating a
curvilinear relationship between treatment initation and the response A similar relationship
was noted by tor hinds treated in the absence of stags (59). It seems likely, therelore, that
there 15 an cxtreme hmit, relative o the winter solstice, at which melatonin treatment will not
chicit any further response 1n advancing puberty  Administration ol exogenous melatonin oo
close 1o the winter solstice may 1n fact prove counter-productive by impinging upon a putative
photopeniod entrainment period, whereby exposure to increasing photoperiods 1s a necessary
prerequisite for a reproductive response Lo decreasing photopernods (e.g 1n sheep. 82, 107)
Whether this would ablate the entire process of puberty, delay 1t, or merely render the
melatonin treatment incflective, remains to be tested 1n deer. Preliminary data indicate that
cxogenous melatonin may 1n fact delay puberty in female red deer if adminsstered at cight
months of age (about 50 days alter the winter solstice), indicauing the existence ol a period
ol photoperiodic entrainment 1n this species (5).

There are only two accounts of exogenous melatonin treatment of pubertal female fallow deer
(21, 91). Both involved implantation 1egimens for periods of more than 120 days, with treated
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and control does run together for mating. Treatment of docs starting 140 days after the winter
solstice (21) resulted 1n advancement of the mean dates of first oestrus and fawning of 56
days, whereas later treatment initiation at 164 days (91) advanced [irst oestrus and lawning
by 33 days and 27 days, respecuvely. This indicates an effect of treatment imtiation date for
this specics.

Duration of exogenous melatonin treatment undoubtedly influences the degrec ot seasonality
advancement, but it is difficult to assess the magnitude of the eftects from much of the current
litcrature owing to confounding intluences of variable trcatment nitiation dates. However,
in one experiment, pubertal red deer hinds were treated with Regulin implants 1n spring, 160
days after the winter solstice, 1n the absence of a possible influence trom the stag  Treatment
approximating 60 or 90 days duration resulted 1n four weeks advancement in the onset ot
puberty 1n all hinds, whereas 30 days of trcatment resulted in only a porton of hinds
responding with early ovarnian activity (60).

There are major social facilitation effects on seasonality ot red deer It has been demonstrated
that red decr stags are capable of influencing the onset of ovulatory activity i herdmate hinds
(85, 88). Furthermore, female inductuive elftects have been documented for red deer (68). It
18 not surprising, theretore, that melatonin-treated stags and/or hinds appear o influence the
reproductive scasonality of untrcated herdmates.  Fisher er al (57) ftound that control hinds
penned together with Regulin treated hinds had a mean calving date 16 days carlier than that
recorded 1n previous years for first calving (2 year old) red deer on the same property Thus,
the apparent advancement ol treated hinds relative to control hinds was only L1 days, but the
real degree of advancement was probably 1n the order of 27 days (57). In large hicld uials
on the efficacy of Regulin 1n red deer (104, 105) there was clear evidence that the onset of
ovulatory activity in sympatric control hinds was advanced by melatonin-treated animals
However, 1t was not possible, trom these studies, to distinguish between the inductive etlects
ol trcated stags or hinds  Evidence that melatonin treatment of stags can advance ovulatory
activity 1n older, lactating hinds was provided by another study (55) Regulin treatment of
both stags and hinds advanced the mcan calving date relauve to the untreated contiol group
by 21 days. However, untreated hinds run with a treated stag had a mean calving date 13
days earlier than that of the control group. This 1s clear evidence of a male inductuve effect
but female inducuve effects (1.e. ‘sympathetic oestrus’) have yet 1o be invesugated

Table 1:  Llicct of (Reguhin treatment of red deer stags and hinds on mean calving date m the Southern
Hemusphere (55)

Mean calving date Range
Untreated stags
Untreated hinds (n=Y) 4 Dec (19 Nov-6 Dcc)
Trcated hinds (n=Y) 23 Nov (15 Nov-6 Ded)
Ireated stugs
Untreated hinds (n=9) 21 Nov (13 Nov-2 Ded)
Treated hinds (n=9) 14 Nov {8 Nov-22 Nov)

Treatment of adult red hinds and fallow does with exogenous melatonin to advance ovulatory
activity 18 complicated by pregnancy and lactation. For both specices, pregnancy lasts for
around 234 days (11, 41, 64, 75). The 110-130-day period between partunition and
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ovulation/conception represents the period of deep anoestrum comnciding with lactation. The
initiation of melatonin treatment, therefore, must occur during etther the latter stages of
pregnancy or early stages of lactation for a significant advancement eftect on the tuming of
ovulation. Important considerations of treatment include the effects of exogenous melatonin
on fetal development, 1nitiation of lactation, maintenance of lactation and the advancement of
ocstrus/ovulation.

Exogenous melatonin treatments initated during the later stages ol pregnancy (1.c. last 40
days) have been studied in red deer (6) and tallow deer (21). In neither case was any effect
ot fetal development observed. However, 1n the study on fallow deer, of six pregnant does
treated with Regulin implants, four failed to mnitiate lactation and subscquently lost their
tawns. The remaining two does successlully reared therr fawns, as did the six contemporary
controls (21). More recently 1t was demonstrated that Regulin treatment of red deer hinds
starting 80 days before parturition was associated wath retardation of fetal growth and fatlure
of lactogenesis n all amimals (31). However, hinds 1ecerving treatments from 40 days before
parturition all reared normal healthy calves, 1n accord with carlier observations (6)  This 1s
suggesuve ol a crucial phase 1n late pregnancy when exogenous melatonin treatment interferes
with normal fetal and mammary development. In light of these studies, Regulin treatment ol
pregnant hinds/does 1s contra-indicated. Regulin implantation has been effective 1n inducing
early reproductive activity in lactating red deer hinds compared with contemporary control
anmimals (44, 57). The degree of advancement achieved for a given treatment inttiation date
appears to be similar to that observed tor pubertal hinds However, because pregnancy
frequently extends into mid-December (170 days alter the winter solstice), few treatment
regimens for adult red deer hinds have been initiated carlier than 180 days from the solstice.

A number of studies on adult red stags and fallow bucks have shown that Regulin treatment
initiated in summer advances antler development and the onset ol rutung activity by 4-8 weeks
(16, 21, 44, 57, 103). Furthermore, treatments conducted 1n accordance with the heidmate
hinds/does appear to result in comncident rutting and oestrous activily, leading o high
concepuon rates of treated females (12, 44, 57) While exogenous melatomin treatments
mtiated in summer are clfective 1n advancing reproducuve lunction 1n male deer. there are
longer term consequences of treatment that indicate that the mode ol action of melatonin-
mediated scasonality entrainment 1s not a smple ‘direct-drive’” mechanism  In a recent study
on adult red deer stags, it was demonstrated that Regulin treatment initiated approximately 140
or 170 days after the winter solstice (about 120 days and 90 days treatment duration
respectively) advanced changes 1n scrotal circumference, lhiveweight, antler state, pelage type
and LH response to gonadotrophin releasing hormone (GnRH) injection comparced with
controls, with the extent of advancement being greater for the earlier intiation of treatment
(103). However testes s1ze regressed rapudly and antlers were cast shortly alter Regulin
implants became cxhausted before the onset of the natural rut. This was lollowed by an
addiuonal antler cycle, and reproductuive development and decline trom mid-winter to eatly
summer. Regulin-treated stags became synchronised with control stags 14-15 months after
melatonin treatment began. The extra cycle ol seasonal changes was more pronounced tor the
early mmittation of trcatment (103).

Advancement of the seasonal pattern of conceptions through the stiategic use of exogenous
melatonin has been associated with a stmilar degree of advancement of the ulumate pattern
of births for both red deer (12, 44, 57, 104) and fallow deer (21, 91), despite there being a
signtficant increase in mean (£SEM) gestation length recorded tor melatonin-treated tallow
docs compared with control docs (238.9£0.6 days vs. 234 5+0.4 days; 21). However,
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melatonin trcaltment may result 1n a less synchronous birth pattern than that observed for
untreated females (21, 104). Therefore, the overall variability i call/fawn size al weaning 1s
likely to be greater tollowing melatonin treatment. The reasons for the more variable patterns
of oestrus, conception and births are unclear, but may relate to the form of melatonin delivery
and the ume of treatment 1nitiation.

Advancement ol the fallow decr birth season into spring 1n northern New Zealand (39°S) has
becn associated with a high incidence of nconate mortality due to hypothernua induced by
inclement weather (21) and may be cxaggerated by decreased birth weights, as observed lor
trcatcd does in Australia (91). This mitigates against large-scale (more than four weeks)
advancement of the fallow deer birth scason. Conversely, red deer neonates appear more
tolerant ol the lower ambient temperatures occurring before the natural calving season  Asher
(12) recorded a 90% survival rate of calves born on average 45 days earlier than calves trom
control hinds, with recorded mortalitics being unrelated to chmate. This 1s generally supported
by data from Regulin ficld trials (104)

Some evidence indicates that red deer calves and fallow deer fawns born carly as a result of
treatments may attain puberty n therr first autumn  Precocious puberty, as evidenced by
excepuonally early pedicle and antler development 1n males, has been recorded for red stags
(86, 94) and observed 1n fallow bucks (30). In so [ar that pedicle intiation 1s related to body
size 1t 18 probable that this precocious puberty 1s due to large body size at an early age.
Pubertal oestrus has also been observed 1n early-born fallow dogs, although this did not result
in full term pregnancies (30). The performance consequences of precocious puberty have yet
to be fully asscssed.

Economic Analysis: The simphficd analysis comparcs a number ol different scenatios ol
advanced calving. These involve treatment of stags with melatonin (Regulin) and a proportion
ol hinds with progesteronc-containing CIDR devices and PMSG at withdrawal  Table 2
summariz¢s the data showing the expected advancement of calving 1n terms of the first calt
born and the herd average. Table 3 presents a simplified economic analysts showing costs ol
treating stags and hinds, together with the estimated value of the liveweight advantage due o
the earlier calving (assumes that the calves arc sold as weancrs) While the potenual
economic benelits of an earlier breeding and calving season are considerable, there are some
risks. The major oncs would be the risk of adverse climatic conditions at the ume ot calving,
while precocious puberly may also be an 1ssue in the young males. It 15 also possible that
some of the hveweight advantage at weaning will be dissipated with ume so that the
advantage in yearhing liveweight may be less. However, tnals o test this subsequent growth
responsc have given nconsisient results. Overall, the financial benefits ol carly calving will
likely occur o good managers who include the advanced breeding option as part of therr total
stratcgy and not as a "onc-oft" try-out of a good 1dea.
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Table 2:  Comparison ot ditferent scenarios o advance the calving date 1 a herd of red deer hinds — Lhe days
advancement 18 compared with the normal sitwation B where the herd average calving date 1s
December 2

Comparison of treatments with Normal B where stags and a proportion of hinds are treated to
advance the breeding season

Normal Stags Stags + 25% ot hinds’ Stags and

A B only' A B all hinds
Days Advancement
Farst cali Nil 10 14 28 28
Stags n * * 2 Mar 16 Mar 2 Mar 2 Mar
First mating 11 Apr 1 Apr 22 Mar 18 Mar 4 Mar 4 Mar
Hinds per stag 50 50 50 50 50 20
Calving Dates
First calf expected 1 Dec 21 Nov 11 Nov 7 Nov 24 Oct 24 Ot
First calt actual’ 25 Nov 15 Nov 5 Nov 1 Nov 18 Oct 18 Oct
Herd average 12 Dec 2 Dec 24 Nov 24 Nov 10 Nov 30 Oct

'The early presence of stags alone docs not change the basic calving pattern at this stage

*Assumes that 70% ot hinds will conceive and calve 1o an mduced vestrus and that 90% ot non-pregnant nds
will concerve and calve (0 any natural ocstrus

*Allows for the varation 1 gestation kength (mean of 234 + 3 4 (standard deviauon) days)

Table 3:  Sumplified economic analysis of the unpact of an advancement in the mean calving date Lor a herd
of 100 red hinds

Simplified economic analysis - per 100 hinds to the stag (90% weaning rate)

Normal Stags Stags + 25% ot hinds’ Stags and
only' A B all hinds

Days Advanced
Farst calf Nil 10 14 28 28
Herd average - 8 8 22 33
Cosls
Stags $40 $40 540 $100
1linds ) - $160) S600 $600
Total - $40 $200 $200 $700

RETURNS according to value of the increase i hive weight advantage

Value ot hive weight advantage per calt

S350 per week - $360) S360 $99() S 1485
S2 50 per week 5255 5255 S705 S 1060
51 50 per week S155 $155 S425 $639

'Stags treated with six Reguhin unplants (4 + 2)

*Hinds treated with a single progesterone-CIDR device + 200 [U PMSG al withdrawal

*The economic analysis does not include the costs of any addinonal labour, feed or ammal health or any
additional stags requircd
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Artificial Insemination

Rationale: The application of artificial insemation technology within the deer farming
industry 1s still 1n 1ts infancy. However, its tuture potential 15 cnormous, particularly in
relation to the cstablishment ot genetic improvement schemes and 1nterspecilic hybnidisation
programmes. Artificial insemination (AlI) allows for a wider and more rapid dissemination
of destrable genetic material than would be remotely possible by natural mating strategics
This 1s particularly important when considering such rare genotypes as Mesopotamian fallow
deer (Dama dama mesopotamica), Pérc David’s deer (Eluphurus davidianus) or imported
blood lines. Morcover, Al provides a sate and cost-effective means ol international exchange
ol gencuic material.

We review the present state of artificial insemination technology for red deer and fallow deer
by discussing the major components of oestrous synchronisation, semen collecuon/processing
and insemination tcchniques.  While a number of studies have nvesugated artificial
inscmination 1n other species of cervids, e.g. reindeer (Rangifer rarandus, 43), wapitn (Cer vus
elaphus nelsoni, 66), white-tailed dcer (Odocotleus virgimanus, 65, 71, 84), they have
involved only very small numbers of females with vanable, olten low, conception rates
Recent trends towards the commercial application of artificial insenunation of farmed decr 1n
New Zealand and Austrahia have prompted rapid progress in the development ol more
cffective techmques that may have application across a number ol cervid species.

Oestrous detection and synchronisation. Detection of spontancous oestrus 1n tarmed deer
has gencrally proven difficult because of intractability of the animals and the limited ability
o closely inspect females within a pastoral environment  Direct observation ol oestrous
behaviour 1s unrcliable because overt oestrus 1n female deer 15 usually rather passive compared
with other domestic livestock and 1s often terminated at copulation, within minutes of 1ts onset
(10). The use of ram mating harnesses on male deer has been successtully adopted 1 a
number of studies on red deer (22, 64) and fallow deer (9. 18, 19, 25). While the method has
proved very cllective for fallow decr, with more than 90% of {11st spontancous oestious ¢vents
being detected under controlled experimental conditions, 1ts ellectiveness Lor detecuon ol
natural oestrus 1n red deer 1s variable. Red deer stags may exhibit a low mount-to-service
ratto during mating (99). This affords little opportunity for stags to mark oestrous hinds with
the pressure crayon. Sccondly, the propensity of red deer stags to wallow i mud often
renders the device neffective without frequent crayon changes. In summary, high labow
mnputs required o ensure adequate success of the detection of natural oestrus 1n both red deer
and fallow deer generally mitigale against its uscfulness n artificial breeding programmes.

Aruficial synchronisation of oestrus (coupled with umed Al) 1n larmed deer has been adopied
as a more cost-cffective alternative o detection of natural oestrus — As with other domestic
ruminants, synchromsation of oestrus can be achieved either by simulating the acuvity ol the
corpus luteum through the adnimstiation ot progestagens, or by shortening the luteal phase
of the oestrous cycle by admimstration of a luteolysin. For [allow deer, 1t 18 also possible Lo
obtain a high degree of synchrony of a retuin oestrus following artificial synchronisation of
the first oestrus (19)

While a wide range of progestagen-releasing devices has yet o be tested for ethicacy ol
oestrous synchronisation in deer, a large number of studies in New Zealand have investigated
the usc of the intravaginal controlled internal drug release (CIDR) device (CIDR-S ot CIDR-
G; 9-12% w/w progesterone, InterAg, Hamilton, New Zealand) During prolonged (12-14
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days) intravaginal insertion in the tallow deer doe, single CIDR-S or CIDR-G devices (0 365
¢ progesterone per device) elevate peripheral plasma progesterone concentrations o levels
comparable to those observed during the mid-oestrous cycle (18, 19, 25)  Exogenous
progesterone 18 cleared from the peripheral system within 2 h ol device withdrawal. In this
respect, the devices appear well suited for use in fallow deer  The eflicacy ol oestrous
synchromsation with the CIDR device 1n this species, mn tetms of the proportion ol does
exhibiting ocstrus/ovulation and the degree of synchrony achieved, 1s clearly dependent on
season. Recent studies have shown that device withdrawal just prior to the onset of the
natural rut (1.c. period of tirst spontaneous oestrus) results 1n a low incidence of oestrus (0-
10%). The proportion of does exhibiing oestrus increases, and the mean nterval between
device withdrawal and onset of oestrus progressively decrcases as CIDR devices are removed
progressively later relative to the occurrence of the first spontaneous oestrus within the herd
(89). Optimal responses appear to occur after the period of first oestrus (rut), at which ume
the mean interval from device withdrawal to onset of ocstrus 15 between 48 and 58 h (18, 19,
89) The onset of oestrus in fallow does comncides with the onsct of the preovulatory LH
surge, which attains maximal amplitude (20-30 ng ml™') 4-6 h later (18, 19, 25)  Reeent
studics have shown that ovulation (follicular rupture) occurs 24 h alter the onsct of
oestrus/preovulatory LH surge following CIDR device synchronisation (25).  Therelore,
ovulation 1s synchromsed to within the period of 70-80 h after device withdrawal

The use ol PMSG at or near CIDR device withdrawal 1s presently contra-indicated tor fallow
deer. Studies 1 which erther 500 TU (17), 200 1U (G W Asher, unpublished data, 1989) o
100 1U (70) PMSG were administercd by intramuscular mjection at CIDR device withdiawal,
indicated a high Ievel of ovarian sensitivity Lo the exogenous gonadotrophin. In these studices.
a high proportion of does either exhibited multiple (2-4) ovulations or completely lailed (o
ovulate after device withdrawal. This appeated to result in reduced conception 1ates 1o natural
mating and increased the incidence of embryonic mortality (particularly with muluple letuses)
This obscrvation 1s supported by those of commercial msemmators following  the
administration of between 100 and 200 IU PMSG at CIDR device withdrawal  More recent
studies on artificially inseminated does have indicated that 50 TU PMSG delivered at deviee
withdrawal reduces the nterval to the onset of ocstrus and induces greater oestrous synchrony
compared with CIDR device withdrawal alone, although ferulity was not enhanced (70)

Peripheral plasma progesterone profiles of red deer hinds recetving single CIDR-S o1 CIDR-G
devices differ from those of fallow decr. Concentrations within the first six days ol insertion
are comparable to those obscrved during the oestrous cycle (2-3 ng ml”')  Therealter, levels
declhine to less than 1.0 ng ml"' by Day 14 (73). This raises questions about the ellectivencss
of single CIDR devices to inhibit follicular development in red deer (49, 73), although such
treatment has generally resulted 1 acceptable (over 50%) conception rates to artticial
insemination (37, 50). The low resultant peirpheral progesterone concentrations have
occastonally prompted the use of double CIDR-S devices (22) or CIDR-G device replacement
on Day 9 (50). However, no mmprovements in conception rates tollowing artificial
insemination have been noted for these treatments (37, 50).

It has become routine practice to administer 200-250 TU PMSG at or near CIDR device
withdrawal 1n red deer (49). There are three main reasons: the fust 1s that m artlicial
inscmination programmes, red deer hinds are often inseminated prior to the onset ol the
normal breeding season, when progesterone/PMSG 15 known to mmprove the ncidence ol
ovulation 1n hinds comparced with progesterone alone (56, 58)  Sccondly, there 1s concern that
stress ol handling may reduce the incidence of ovulation tn hinds and cxtra gonadotrophic
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stimulauon 18 requured to offset stress etfects (49). Third, 1t 18 reasoned that PMSG may
reduce the spread of ovulation in groups of hinds (49). While the influence of season on the
incidence of ocstrus/ovulation following CIDR device treatment has been well demonstrated
for red deer (56, 58) and fallow deer (89), the other two factors are equivocal. The putative
stress clfects on oestrus/ovulation have not been conclusively demonstrated for red deer,
although it 1s known that the adrenal glands may secrete physiologically significant quantities
of progesterone in response to stress in both red deer and fallow deer (24, 73). However,
transient (1-2 h) increases 1n peripheral plasma progesterone around the tme of CIDR device
withdrawal (1.c. durning handhing stress) scem unlikely to have long-term ellects on tollicular
development for deer that are well habituated to the farm environment. Bringans (38) reported
that only 50% of red hinds given CIDR devices alone ovulated compared with 90-95% of
hinds given CIDR devices+PMSG. While the author linked this result to ‘emotional stress’,
therc may well have been confounding effects of nutrition and season. The etfects of PMSG
on oestrous/ovulation synchrony 1s red deer require [urther investigation  Recent studies
indicated that administration of 200 IU PMSG at CIDR device withdrawal reduced the mean
interval to the onset of oestrus (37.4 h; n=7) compared with CIDR device withdiawal alone
(44.4 h; n=7) but did not reduce the variance (SD = 53 h vs. 2.3 h) For both trcatments,
ovulation occurred between 20 and 28 h after the onset of oestrus (27). A shightly increased
incidence of multiple ovulation has been observed following 200-250 TU PMSG administiation
to red deer hinds. While this has occasionally resulted m conception and birth of twins 1n
artificial insemination programmes (22), there 1s hittle evidence ol major production losses
through reduced fertility and increased embryonic loss

The duration of CIDR device msertion for red deer normally ranges from 12 o 14 days (22,
37, 51, 56) The optimum duration has yet to be investigated in detaill. However, the data
of Fennessy et al (50) indicate that a 15-day mnsertion period 1s associated with lower
conception rate to artificial insemination compared with a 12-day mscrtuon period  This 1s
indicative of either the low progestcrone output ol CIDR devices by Day 15 or the inhibitory
effects of prolonged progesterone influence on folhicular maturation

A hmued number of studics have 1nvesugated the efficacy ol intravaginal sponges
mpregnated with erther fluorogestone acctate or medroayprogesterone acetate 1 inducing
synchronised oestrus 1 red deer (1, 22, 67, 76) and fallow deer (92)  While synthetie
progestagens are well able to control ovulatory activity, some of the studies were plagued by
excessive sponge loss rates (76, 92), miigating aganst their general eftecuveness in deer.

The ability of prostaglandin administration to synchronise ocstrus 1s dependent on the presence
ol an active corpus lutcum at the time of trecatment, imiting synchronisation programmes in
red and fallow deer to the period after the onset of natural ovulatory activity (1¢ the rut)
Furthermore, recent studies ndicate that the cervine corpus luteum may be relractory Lo
prostaglandin trcatment before Day 10 of the oestrous cycle (61), necessitating either
administration at the correct stage of the cycle or delivery of twin injections at least 10 days
apart (52).

A single injection of prostaglandin analogue (500 mg cloprostenol, Estrumate, Impetial
Chemical Industries PLC, Cheshire, UK) on Day 13 of the fallow deer oesuous cycle resulted
in premature regression of the corpus luteum, clearance of endogenous progesterone from the
peripheral system within 14 h, and return to ocstrus at an average interval of 43 h (18) More
recent studies have shown that ovulation (follicular rupture) occurs 24 h after the onset of
prostaglandin-induced ocstrus 1n tallow deer (25). Early observations ndicated a reasonable
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level of ferulity following prostaglandin synchronisation 1 this species (18) However, recent
application of prostaglandin synchronisation to artificial insemination programmes has resulted
in lower conception rates than obscrved following CIDR device synchronisation (28)  In this
particular study, initial synchromsation of vestrus/ovulation was pertormed with CIDR devices
and may have been conducted too early 1n the scason for an optimum ovulatory response (89)
However, 1n a study conducted 3 weeks later stmilar trend for reduced concepuon rates was
observed following intracervical insemination (70). The use of prostaglandin synchronisation
in red deer has not been investigated cxtenstvely. Haigh er ol (66) recorded brictly the
treatment of 39 wapiti-type (clk x red deer) hinds with prostaglandin mnjections at 13 day
intervals., Of these, 16 (41%) became pregnant Lo intrauterine inseminattons of wapiti semen
performed 72, 84 and 96 h after the second 1njection  Haigh er al (67) recorded the treatment
of red deer hinds with double prostaglandin injections: only 8% became pregnant Lo natural
mating, whereas 85% of contcmporary hinds became pregnant following treatment fot 7 days
with intravaginal sponges containing medroxyprogesterone acetate. 1t 1s likely that this lattes
cxpennment was conducted too early n the breeding scason tor prostaglandins to be etlicacious
in achicving oestious synchrony.

Semen Collection: Scmcn collection trom male deer 1s one ot the more ditticult aspects ol
artificial insemination programmes, and has been onc of the major factors limiung its
widespread usage within the decr farming industry. Firstly, there are scasonal constraints on
semen collection. Male red deer and fallow deer exhibit a pronounced period of testcular
quiescence during spring and summer, at which time they are ctiectuvely nlertle (20, 63, 79,
81). This limits semen collection to the 4-6 month period starting immediately betore the
autumn rut. This tme constraint often contlicts with the need o supply semen for usage
within the same breeding season; this 18 particularly the case tor semen export to countiies
within the same hemisphere, for which there are mandatory pre-collection stag/buck solation
protocols to ensure a suitable health status 1t also conflicts with the desire of Tarmers Lo use
the stags/bucks as sires for natural mating during the rut.

Sccondly, the temperament of stags/bucks 1n the presence ol therr handlers 1s usually not
conducive to the successful implementation of natural semen collecuon techmques Irequently
uscd for more traditional livestock species  Depending on the level of habttuation to then
handlers, larmed stags/bucks are either totally intimidated by their presence or very aggiessive
towards them. Therefore, semen collection flom red and fallow deer has generally been
performed by electro-ejaculation while the amimals are under general anacsthesia/sedation (20,
22,23, 48, 50, 63, 72) The usc of chemical immobilisation presents obvious risks o valuable
sires. Furtheimore, electio-gjaculation may gencrally produce semen ol lower quality than that
collected by natural methods, although this has yet to be assessed for deer

Cryopreservation of red and fallow deer semen has been described by a number of rescarchers.
Generally, however, semen 1s extended 1n sodium citrate-cgg yolk glycerol diluent and trosen
either as peliets on CO, 1ce (79, 91, 92) or 1n 0 25 ml straws 1 hiquid mrogen (22, 23, 50)
Fallow deer semen has been shown (o be particularly resistant o the ngors ol the treesing and
thawing procedures, with good post-thaw recovery (motility rates often being in excess ot 70%
of pre-freezing motility rates (23, 26). This appears Lo be consistent for ditlerent ejaculates
from the same buck 1t collected within the breeding season. However, ejaculates collected
at the beginning and end of the breeding season generally exhibit low post-thaw motulity rates
Post-thaw motility rates of red deer semen appear o be highly vanable, both between stags
and between consecutive ejaculates from the same stag (50).  This warrants furthes
investigation into cryopreservation techmques for this species
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Insemination techniques: Laparoscopic intrauterine nsemination (77) 1s presently the
preferred method of Al 1n red deer and tallow deer (29), as 1t allows precise placement ol
relatively small quantities ol semen close to the site of ferulisation. Early studies on small
numbers ol red deer hinds clearly ndicated the potential of this techmigue (22, 48)  More
recent research on larger numbers of hinds have involved comparisons of various mnsemination
times, with frozen-thawed semen, tollowing CIDR device withdrawal/PMSG administration
Fennessy er al (50) showed no significant difference 1n conception rate following intrauterine
inscmination (20 x 10° spermatozoa) at 48, 52 and 55 h after device withdrawal. The overall
ditference 1n pregnancy rate between treatment with CIDR devices lor 12 days or 15 days was
not staustically sigmficant (72% vs 44%) but the interaction between the length ol
progesteronc treatment and insemination tme (48 h vs 55 h after CIDR device withdrawal)
was signiticant, with the 12 day CIDR/S5-h insemination giving a much higher pregnancy 1ate
than the 15 day CIDR/55-h insecmination (89% vs 20%) (50) The standard regimen presently
applied to commercial laparoscopic inseminations of farmed red deer in New Zealand includes
12 day CIDR device with administration of 200 1U PMSG at CIDR device withdrawal and
insemination of 20-40 x 10° moule spermatozoa 54-56 h later (37). CIDR devices are
frcquently replaced atter 8-9 days of weatment (o ensure that high progesterone levels are
maintained until the ume of device withdrawal/PMSG teatment.

Early studies on lallow deer does involving intrauterine deposttion of 85 x 10° moule (rozen-
thawed spermatozoa 56-68 hours after CIDR device withdrawal 1esulted 1in a disappoimnting
42% conception rate (23). The most recent on-farm studies on laparoscopic 1ntrauterine
insemination of tallow deer (28), conducted duimng the 1990 breeding season 1in New Zealand
(re. Apnl/May) nvestigated variables such as insemination uming, type of CIDR device,
CIDR device vs prostaglandin, presence or absence ot vascctomised bucks and numbers ol
spermatozoa per inseminate. The control regimen (1 ¢. treatment common o all tarms 1n the
study) was similar to that cstablished by Asher er af (26) and. on the basts of ultrasound
pregnancy diagnoses, resulted 1n an overall 68% conception rate.  The results indicated a
degree of ilexibility in the uming of insemination relative to CIDR device withdrawal (60-70)
h); CIDR device synchronisation was more etiectuive than prostaglandin synchronisation early
in the breeding scason; buck presence was not essential during synchronisation ticatment, there
was little ditference 1n cfficacy of the two types ol CIDR device (CIDR-G and CIDR-S); and
numbers of motile [rosen-thawed spermatozoa (10 x 10°) required for respectable concepuon
rates (60-70%) were lower than presently used commercially (28)

Despite the supposed impenetrability of the cervix of fallow decr transcervical intrauterine
insemination (Le. per vaginam) was perfoimed suceessfully on anaestheuised does by
exterionsing the os cervix (26). Of four does recerving transcervical inseminations of 50 x
10° frozen-thawed spermatozoa 68-69 after CIDR device withdrawal, three became pregnant
This result demonstrates an alternative to the more 1nvasive technque of laparoscopic
insemination and warrants further study

Deposition of semen via the vagina has been attempted 1in a number of studies on 1ed deer.
Inscmination sites include intravagmnal, intracervical and intrauterine, with a generally low
degrec ol success 1n achieving transcervical access to the uterus  Krzywinski and Jaczewski
(79) are credited with some of the first attempts at per vaginam insemination of 1ed deer
However, they achieved a conception rate of only 25% to a combination of vaginal and
intracervical inseminations with frozen-thawed semen at natural detected oestrus - Later studies
in New Zcaland have proved more successtul for fixed-ime mseminations tollowing oestious
synchronisatton.  Single mseminations ol about 20 x 10*motle lrozen-thawed spermatoszoa



-306-

have generally resulted 1n lower concepuon rates than two inseminations at 24 h intervals.
Fennessy et al (50) obtained a pregnancy rate of 39% (0 a single per vaginam insemination
(including some uterine placement) at 48 h after CIDR device withdrawal  This was similar
to the overall rate of 349% when single inseminations were perloimed at various ntervals (36-
68 h) after device withdrawal, with a very low rate (6%) achieved for the latest uming (50)
However, double per vaginam inseminations, performed at 44 and 68 h atter CIDR device
withdrawal, resulted 1n conception rates of 49%, 45% and 58% 1n three sepatate Ulals (47,
50). This improvement over single inseminations suggests relatively poor synchiony ol
oestrus 1n red deer hinds.

Initial studies on intravaginal insemination of lallow does with 85 x 10° moule spermatozoa
48 h after CIDR device withdrawal resulted 1n 50% and 48% fawning rates for tresh and
frozen-thawed semen respectively (23) More recently, however, attempts at intracervical
insemination with single inseminates containing 20-40 x 10° moule spermatozoa have yielded
highly variable results amongst commercial inseminators, ranging from 38 to 80% conception
rate (29) Recent studies indicate that the success rate ol mtracervical insemination may be
dependent on the method of ocstrous synchronisation, the timing ol msemination and the
number of live spermatozoa per mseminate (70). Intracervical deposition of about 140 x 10°
motile trozen-thawed spermatoszoa 12 h after the median onset of oestrus (1.¢ about 12 h lates
than performed 1n previous studies) resulted 1n conception rates ranging from 85 to 41%
depending on the form of synchromsation. However, such large numbers of spermatosoa are
unacceptable commercially

Economic Analysis: Table 4 present a simplified economic analysts ol the cost per call
weaned as a result of an Al programme, as affected by the cost ol semen and insemination,
and the percentage of calves weaned to hinds inseminated 1t 1s assumed that hinds that fal
to become pregnant to Al wall concerve and calve to a chaser stag While Al 1s expensive,
there are a number of advantages which may or may not be readily amenable to economic
analysis. For example, access to a superior stag prior to 1t being generally avalable 1s one
such situation. With Al often being performed prior to the normal breeding scason, there 15
also the advantage of an carlier calving, especially valuable 1l the larmer is sclling progeny
from an elite stag as weaners. In most cases, the major advantage of Al in the commercial
deer farming business in New Zealand, considering the cuirent price of semen, 1s the
opportunity for a farmer to breed high quality breeding stags rather than purchasing them
This assumes that the quality of the hinds 1s appropriate for the quality of the semen beng
used.

Table 4:  Simphified costing of an artificial msemination (Al programme 1n red deer according (0 cost ol
semen and weaning percentage to Al

Insemunation Semen Cost per calt weaned by weaning %
per hind' cost 30 50 70
S37 $20 S190 114 581
$37 $50) S290 5174 5124
S37 $100 5457 $274 196
%37 $150 5625 $374 8267

'Assumpuons - direet cost ol $30 per hind inseminated, $1 per lund tor a vascctomised stag and S6 pet hind for
synchronmsation  Additional labour beyond that i the direct Al costs 15 not included
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Embryo Transfer

Rationale: Muluple ovulation-cmbryo transfer (MOET) technology has gained 1apid entry
nto the nternational deer tarming mdustry. MOET ollers deer tarmers an opportunity to
increase numbers of elite stock at faster rates than natural breeding wall allow. While artificial
inscminatton permits wide dissemination of the destrable genes of high ranking sires, embryo
transter capitalises on high genetic ment females (donors) by transterence of thewr pre-
implantation embryos to lower ranking females (recipients/surrogates).  This allows for
propagation of pure lines of breeding stock and may have considerable application 1 the
preservation of endangered cervid species via interspecific transter (e.¢ European tallow deer
serving as maternal surrogates for Mesopotamian fallow deer) (80. 106). Cryopreservation
of embryos enhances international transfer of genctic material. as embryos are saler and
cheaper to transport than live amimals.

Development of MOET technology for cervid species 1s at a telauvely early stage compared
with tradittonal domestic ruminants. Whale considerable progress has been achieved, MOET
has gencrally been performed 1n situations where immediate and positive results are required
either because of the percerved risk involved in working with endangered species or because
economic considerations require it.  Consequently much ol the development ot these
techniques has been by trial and crror as there 1s usually a lack of basic intormatton on which
to base MOET protocols. Therefore procedures have been adapted from proven cattle and
sheep protocols (53). Most of the work to date has mvolved red deer and wapiu, but there
1s some 1inlormation {rom other species such as fallow deer (90) and white-taaled deer (100).

Superovulation and Breeding: Superovulation procedures arc based on those used
successtully 1n sheep and cattle 1n New Zealand.  For red deer, the procedure involves
synchronisation of the ocstrous cycle with exogenous progestagen and sumulation of tollicle
development with exogenous gonadotrophin (usually FSH) A typical protocol 1s the 12-day
use ol an intravaginal controlled internal drug releasing device (CIDR, containing 340 mg of
progesterone) with FSH administered by injection (generally 8 doses) or by asmotc minipump
for 4 d through Days 8 to 12 of the cycle. Progesterone 1s withdiawn at around 12 or 24 h
before completion of FSH trcatment.  Various torms of FSH have been used, although the
more purified preparations of FSH with lower LH levels are now pieterred  The protocol for
superovulation of fallow deer 1s similar to that of red deer except lor a longer (14 days)
progesterone treatment (98)  For maung the lemale decr are generally run at a tate ol up o
10 per male. Tt matng 1s prior to the onset of the normal breeding scason, males may need
to be treated with subcutancous melatonin implants to advance the rut or mating season. A
common dose for red deer 1s the subcutancous placement ot 4 x 18 mg mmplants 1n early
December (southern hemisphere) Lollowed by 2 x 18 mg wmplants about s1x weeks later
Although aruficial msemination (Al) could ofter considerable advantages m MOET
programmcs by allowing a greater coverage by genctically superior males, there have been a
few attempts 10 do so 1n red deer. However, extremely low terulisation rates with cervical
Al or natural mating in MOET programmes 1n fallow dcer have prompted the use ol
laparoscopic 1ntrauterine AT 1n this species

Red Deer: An early study (49) with 12 NZ red deer hinds mvestigated the dose response to
Ovagen administered via osmotic mmipump (0.14, 0.28, 0.42, 0.56 units over 4 days) The
mean ovulation rates and transferable embryos recovered per hind were 0.7,.2 0,43 & 1 5 and
0,0.7,23 & 50. All embryos wete at the compact morula or blastocyst stage  The data
indicate a clear dose response and have been used as the basis of turther studies using Ovagen,
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This experiment mnvolved the use o minipumps to deliver the FSH but there 15 only one
published comparison (49) of minipumps and twice daily injecuons for 4 d, this involved cight
red deer females and 1njections were clearly superior (on average of 3.0 and 11.0 ovulations
per hind). Despite the increased amount of handling involved, there 1s a strong opinion that
twice daily injections are a more 1ehable approach The trequency ol the FSH njections 1s
also an important consideration. In one experiment (n = 56 NZ 1ed deer) once daily and twice
daily 1njections were compared along with a comparison of two sources ol FSH  There were
no significant ditferences duc to cither varable, with the main effects comparison ot once
versus twice daily FSH giving average ovulation rates of 8.9 and 8.8 and transferable embryos
of 2.9 and 2.4 per donor However, once daily injections have gencerally given disappoinung
results 1n subsequent commercial MOET programmes. This may be due to strain ditlerences
1n that commercial MOET programmes involve the recently imported European strains of red
deer (as distinct from the usual NZ red deer which 15 mainly of Scotush origin) but 1t may
also be that the dose rate with once daily mjectuons should be increased compared with the
twice daily protocol. There may also be a ditference 1n the elficacy of the different FSH
sources, but any comparison would require dose response data.  In one unpubhished case, the
mean ovulation rates lor two strains of red deer were 4.2 and 8.8 (n = 46, SED = [ 9,
P<0.01). Commercial MOET programmes do take apparent stiain dillerences mto account by
manipulating the FSH dose, based on experience

There have been few attempts at Al in the MOET sitwation with red deer, due to concerns
about the potential cost of failure, the stresses of addinonal handling and lack ol knowledge
about the ttming of ovulation under FSH treatment. However, in one case, natural mating was
compared with Al and, although contounding factors preclude a completely valid comparison,
only 33% of the embryos recovered from the Al group (one cervical and one laparoscopic
msemination per hind) were transterable compared with 66% for the naturally mated group
(2.2 and 5.5 (ransiciable embryos per donor n = 20, SED = 1.7. not signiticant)
Considerably more rescarch would be required to ensure the ichability necessary lor Al (o be
used 1 a MOET programme 1n red deer.

The number of embryos recovered as a proportion of total ovulations (corpora lutea) 1s a
vartable of interest. In three MOET programmes involving a total of 186 1ed deer donois, 979
cmbryos were recovered (65%) of which 662 (68%) were of transterable quality  Following
recovery, embryos are graded and good quality embryos are fiequently frozen and
subsequently transferred. For cxample Dixon er af (42) repotted an average pregnancy rate
of 61% ftrom frozen embryos (pieviously collected 1n New Zealand) transterred to 247
recipient red hinds over five properties i Australia. There are three data sets with MOET 1n
red deer which allow evaluation of some tactors intluencing the success rate  These mclude
relationships with the ovulatory response, embryo quality and stage ol development ol the
embryo at the time of transter. Table 5 illustrates the outcome 1n (erms ol pregnancies per
donor, where donors have been classilied according o thewr ovulatory response  The qualiy
of embryos (assessed visually) also intluences the subsequent pregnancy rate (Table 6), with
embryos graded 1 and 2 on a | to 4 scale (very good o poor) giving higher pregnancy rates
The stage ol embryo development also influences the pregnancy rate (Table 7) although there
ar¢ no dilferences 1n the rates achieved with embryos from the late morula o late blastocyst
stage at transfer.
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Table 5:  Relationships between ovulatory response in European and hybrid red deer donors, the numibers of
embryos recovered and transferred and the subsequent pregnancy rate (¢ Day 40) alter transier (o
recipient NZ red deer hinds

Embryos (mean/donor) Pregnancy rate per
Ovulatory Donors
response n recovered transterred transter donor
0 1 - - - -

1-3 6 7 7 014 016
4-6 8 40 29 055 20
7-9 9 63 61 072 49
210 10 104 74 072 53
Overall 34 214 (63) 171 (50) 067 34

Table 6:  Relauonship between quality (I = very good appearance, 4 = poor) ot cmbryos and pregnancy rate
(at Day 40) of recipient hinds on two propertics (A and B)

Embryos transferred (n) Pregnancy rate per transfer
A B A B
Embryo grade
4 25 0 012 -
3 25 20 0 56 055
2 39 98 0 80 070
1 134 53 () 86 004
Total 223 171 073 067

Table 7:  Relauonship between the stage of development of transterred embryos and pregnancy rate (at day
40)) per recipient or donor hund on (wo properues (A & B)

Embryos transterred (n) Pregnancy rate
A B A B
Embryo grade
4-8 cell 12 0 0 -
Morula 24 10 033 020
Late morula 53 63 081 067
Early blastocyst 41 24 080 071
Blastocyst 50 42 084 074
Late blastocyst 43 32 086 06y
lotal 223 171 073 067
Mcan per donor 37 50 27 34

Fallow Deer: While successtul artificial insemination protocols are well developed tor fallow
deer, MOET studies have often met with mediocre results related principally to low ova
recovery rates and low ferulisation rates of recovered ova (69, 98)  Early studies 1ndicate
clear dosec responses in ovulation rate to ovine FSH that parallel those 1n red deer (Table &).
albeit with greater varance at any given dose rate. These studies have generally involved the
administration of low doses of PMSG (100-200 1.U.) at the beginning or end of FSH treatment
o overcome the apparent "all or nothing” ovulatory response described previously tor FSH
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alone (98). However, the clficacy of the addition of PMSG over FSH alone does need to be
further evaluated. In a recent on-farm study, 32 fallow donors were treated using a variety
of supcrovulation techniques In all, 112 embryos were collected with 67 being of tansterable
quality. Of these, 30 embryos were transterred at the ume of collection with 22 pregnancies
resulting, a rate of 73%, which 1s comparable to the red deer data, 7 of 8 frozen embryos
transferred subscquently also yielded pregnancies. However, the low number of transfcrable
cmbryos per donor in the fallow deer (2 1) meant an overall rate of around 1.6 pregnancies
per donor, which 1s much lower than that generally achieved 1n red deer.

Table 8:  Mcan (% sd) ovulauon rates and total follicles ot {altow deer and red deer (n = 100, 10 per treatment)
(o ncreasing doses of ovine FSH (Ovagen)

Fallow deer Red deer
FSH Units corpora total tollicles* corpora total tollicles*
lutea lutea
0 11+£12 25z21 08x03 15«12
025 7251 10057 71x42 Y6+ 54
050 9675 149+ 81 9563 13557
075 8§6+72 17357 6918 10327
100 74263 129+ 75 6439 97+36

* ‘lotal corpora lutea and tollicles > S mm diameter. ncluding cystic and luteinised folhicles

Commercial MOET 1n fallow deer has mainly mvolved donors ol the Mesopotamian
subspecies (D. d mesopotamica) or their hybrids with European tallow (D. d duma)  Limited
data from recent studies 1n European (n = 8) and the larger Mesopotamian hybrid (n = 7) does
give similar ovulatory responses (8 6 and 7.0 corpora lutea per donor) and marginally ditterent
embryo recovery rates (33 and 49%) but the later difference was not signilicant. . Howevel.
recent attempts to superovulate a small number ol pure Mesopotamian lallow does generally
meet with complete ovulatory fatlure (W. Otway pers comm).  Given the role ol this
genotype 1 international fallow decr farming the development of protocols/iegimens
specifically lor Mesopotamian fallow deer 1s important  The early studies on MOET 1n fallow
deer were plagucd by cxtremely low ova terulisation (0-50%) and recovery rates (30-50%)
following natural mating and/or intravaginal insemination of donors (69, 98)  This 1a1sed
questions about cervical passage of spermatozoa 1n supcrovulated donors. Two recent studies
have attempted to overcome this problem by laparoscopically inseminaung does with fiesh
semen (25-50 x 10° spermatozoa) 36 hours after removal ot CIDR devices (1 ¢ about 12 hours
alter observed oestrus) The embryo recovery rates (1.e 30-50%) were considerably improved
but were still lower than the more successtul 1ed deer programmes (69, 90) 1t was also
nolable that there was a wide range ot embryo development stages observed in both fallow
deer studies

Techniques of Embryo Recovery: Embiyos are gencrally recoveied using surgical
extertorisation ol the uterus (with or without the ovaries) and flushing with PBS (0 4% BSA)
media, with collection using a Foley 10 F catheter  The media 1s mnttally at 35°C but 15
allowed to cool to 15°C alter collecton  Laparoscopic procedures ate beng developed  Non-
surgical recoveries have been pertormed on the larger North American wapitn (>200 kg hive
weight) In all species embryos are recovered 8-9 days alter progesterone withdrawal — For
embryo recovery, females may be anacstheused by a variety of different treatments, although
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a fentanyl citrate/xylazine hydrochloride combination with or without intubation and halothane
(49) is generally preferred tor red deer and a xylazine hydrochloride/ketamine combimation
for tallow deer (28). Clenbuterol, a smooth muscle relaxant, 15 recommended o case
manipulation of the reproductive tract during embryo recovery (49). The anaesthetic/sedative
is reversed using nalorphine and yohimbine 1n red deer (49). and yohimbine alone 1n fallow
deer (28).

Recipient Synchronisation and Embryo Transfer: Recipient females arc also synchronised
using a progesterone-CIDR device. In red deer the intravaginal CIDR treatment continues for
approximately 12 days (49), with an njection of 200 LU. PMSG at CIDR withdrawal. In
fallow deer the trcatment omits the PMSG because of highly vanable results (29). 1t 18
recommended that vaseclomised males are run with the females (to ensure normal male-lemale
behaviour around oestrus) {rom the time ol progesterone withdrawal unul placement with an
intact male some days after transfer, the latter to ensure that donors and recipients have a
further opportunity to conceive and carry progeny 10 term  Embryo transler 1s generally
effected by a technique nvolving either a partial exteriorisation of the horns ol the uterus
(using a laparoscope 1o locate the uterus) or by a simple intrauterine transfer using a Cassou
pipette in the same way as for AI. Normally single embryos are transterred and all recipient
females are checked by laparoscopy to ascertain that they have ovulated recently. Procedures
for the inducuon and reversal of scdation are as used for donor animals. Pregnancy status 1s
assessed using a real-time ultrasonic scanner per rectum at around Day 40 ol pregnancy  For
this purpose the females are restrained 1n an appropriate crush which limats forward and lateral
movement.

Economic Analysis: Table 9 presents a simphficd costung tor a multiple ovulation and
embryo transfer programme. The costs are high and very strongly dependent on the
superovulatory response and the pregnancy rate. For example, a lower pregnancy rate of 54%
1n recipients (1.e. 50% of transferred embryos results 1n weaned calves) mncreases the cost pel
calf by 19, 26 and 29% for 20, 40 and 6() transterred embryos per 10 donors, respectively.
As with any reproductive technologies, the financial benefits of embryo transter depend on
the market for the offspring ot the presumably high-value donors.

Table 9:  Sunphlied costing ot embryo transter (1), the mfluence of the superovulatory response n terms ot
embryos transterred per 10 donor hinds on the average cost of a calf (1¢ cost m excess of that ot
a calf born (o a natural mating)

Transferred Pregnancies to Weaned Costs' Weaned calves Cost per
embryos per 10 LT calves to ET including donors donor calt
donors own calt? weaned
20 15 14 S1LE800 23 513
40 30 28 $12,800 37 346
60 45 42 $13,800 51 271

'Costs Ten donors at $1,000 each with recipients at $50 cach, opportunity cost of seven standard (1e calves
x natural matings) per 10 reapients (1e 10 recipients would be expected o wean nine progeny nomnally, but
for every 2 5 recipients not pregnant (o ET, 2 0 will wean a calt and therefore the net opportunily cost per 10
recipients would be $800 - 1¢ nine "normal” calves at $111 each less two late calves at $100 cach = $800 per
10 recipients)  The opportunity cost of not producing a "normal” calf 15 a cost on the ET procedure
*Assumes a 75% pregnancy rate to LT and a weaning percentage ol 93% ol pregnancies m the reapients and
90% 1 the donors
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In-vitro Fertilization

Rationale: In-vitro produced cmbryo (IVP) technology for farmed cervids has the same
advantages as for traditionally farmed species, namely, the production of large quantities ol
embryos for transfer and oocyte/embryos for other manipulations such as embryo sexing, gene
mnjection and cloning. The establishment of in-vitr o technology would enhance the creation
of new hybnd species that would not normally hybridise and assist 1n capuve breeding
programmes for endangered cervid species In-virro ferulisation has several advantlages over
the traditional artificial insemination and embryo transfer methods:  circumvention of the
problem of timing ovulation for Al production of largers numbers of embryos at the correct
stage of development than can be recovered from hormonally-stumulated donors, reducuon n
the numbers of viable sperm needed as compared with Al, making use of females with certain
types of infertility, salvaging genetic matertal from [emales after death, and decreasing
generation intervals by using pre-pubertal animals as oocyte donors (80)

Qocyte recovery: QOocytes can be obtained trom the follicles of living animals o1 sourced
from abattoir-dernived ovaries. Live animals donors arc usually females ol high geneuc value
that have blocked/scarred oviducts or unexplained nfertility. Laparoscopic folliculocentests
has been used successtully for sheep (32, 97) The females are usually superovulated and the
oocyles are aspirated {from all visible tollicles prior to ovulation. The oocytes aie in-vino
matured, tertilised and cultured. The advantages of laparoscopic folliculocentesis 1s that the
oocytes (rom one donor may be ferulised with different sires and oocytes can be obtained
from pre-pubertal females (8).

Recovery rates arc affected by size of the follicles. A greater number of oocyles are
recovered from large follicles vs. small follicles (53% vs 43%; (97); 84% vs 63% (32)) To
date, laparoscopic folliculocentests has not been applied to cervads, but oocytes have been
recovered from the follicles of abattowr derived ovaries. Tmmature oocytes are aspirated from
1-6 mm follicles, with an average of s1x good quality oocytes per ovary being recovered from
red deer ovaries  The number of oocytes recovered 1s allected by pregnancy, with the number
ol oocytes decreasing as the corpus luteum inereases 1n size (D K Berg, unpublished 1esults)

In-vitro maturation: Qocyltes aspirated from preovulatory follicles are immature and need
to be culwured before they can be fertilised. During culture, the oocyte resumes meiosts and
completes the first meiotic division before fertilisation. Red deer ova resume and complete
the first meiotic division within 19-24 hours after the preovulatory LH surge (34)  This ume
period 18 similar to bovine and ovine ovum maturation. Red deer and reindeer (Rangifer
tarandus) oocyles mature well 1n the standard bovine and ovine m-vitro maturalion system
In-vitro maturation rates range from 70-809% for red deer (35, 62) and 71% flor reindeer
oocytes (78).

In-vitro fertilization: Successtul m-virro lerulisation s dependant upon a thiee factors,
mature oocytes at the correct stage, capacitated sperm, and a suitable medium tor both the
sperm and oocyte. Attempts to extrapolatle bovine 1VF systems tor cervids have not been
particularly successlul. The addition of hepann to bovine IVF medium results 1n ferulisation
rates of 95% tor cattle (95). However, only 20% of red deer oocytes and 36% of reindeer
oocyltes have been lertulised following the addition of heparin to bovine IVF media (62, 78)
Low fertilisation rates 1n red deer have been attributed to poor post-thaw moulity of red deer
sperm, poor m-vitro survival ol sperm 1n traditional [VF media, and a gencral lack of
understanding concerning the cvents associated with cervine sperm  capacttation  and
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fertilisation. In-vitio sperm survival has been extended beyond 24 hours by co-incubating red
deer sperm on oviductal monolayers. However no increase in IVF rates were observed (D.K.
Berg, unpublished data). Table 10 summarnises IVF results using diflerent capacitation
systems, diffcrent types of sperm and ditferent IVF media. IVF rates remam low relative o
other ruminant species.

Several changes 1n sperm preparation, capacitation medium, and an earlier addition ol sperm
to oocytes led to a successiul red deer IVF protocol. The percentage ot terulised ova ranges
from 80-100%, however, polyspermic (more than | sperm/ova) fertlisation 1s a problem
Reducuon of sperm concentration trom 2 mullion to 300,000 sperm per millilitre reducced the
proportion of polyspermic ova from 43 10 6% (Table 11). This reduction 1n sperm numbers
makes cervine 1VF a perfect candidate tfor utilising sexed sperm.

In-vitro culture: Atlempts to culture wm-vitro produced embryos (IVP) have been
disappoinuing. Red deer IVP embryos fail to develop beyond the 8-cell stage (62) and IVP
reindecr embryos results are equally low with only two embryos developing o morulae [rom
154 oocyles (78). However, a recent study utilising i vivo derived 1 and 2 cell red deer
embryos showed that development can proceed past the 8-cell stage to blastocyst under thiee
different culture systems (34; Table 12). Four m-vitro cultured embryos were translterred o
recipient hinds and two live calves were born.

Overall status of 1VF technologies: Recsults (o date arc encouraging for the cervine 1VP
cmbryo, with TVF results comparable to bovine and ovine IVF  Further research needs to

focus on embryo culture, with the aim of producing good quality embryos for transler.

Table 10:  Percentage ol IVM oocytes fertlised i vitro with ditferent sperm types, media and capacilation

systems
Species Sperm Type Capaciation Agent Media Fertilised Reterence
(%)

Red Deer Frozen-thawed  Heparm (100 pg/ml) TALP 20 62

Red Deer Fresh Heparn (10 pg/mi) 1ALP 9 3s

Red Deer Fresh Cervine oviduct LALP 25 35
monolayers

Red Deer Fresh Ocstrus deer serum Defined 10 35
(10%) Medum

Remdeer Frozen-thawed  Heparm (10 pg/ml) I'ALP 36 78

cpididymal

Table 11:  Percent of IVM oocytes teruhsed and percent of polyspermic leruhsation wath ditterent sperm
concentration

Sperm concentration Fertilisation (%) Polyspermy (%)
2x 10° 70 + 009 324009
1x 10° 70+ 0 11 43 + 008
5% 10° 71+ 005 39 + 006

3x 1° 61+009 6+ 004
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Table 12:  Proporuon of in vivo dertved embryos developing 1o morula/blastocyst stages i vitro

Culture Treatment

Embryo stage Ligated sheep oviducts Oviduct monolayer SOK + HS
Morula 25+ 11 26 =8 2+0
Blastocyst 50+ 13 569 S8 x7

Induction of Twinning

Rationale: Biological etficiency, in terms ol meat production per unit lood energy nput, 18
strongly influenced by reproductive rate 1n deer farming systems (45) However, with near
maximal fertility rate achievable in farmed red deer and fallow decr 1n New Zealand (~95%
pregnancy rates in well managed herds: 14) there 1s httle opportunity for increasing
reproductive rate other than by an increase in muluple births (51). The low mcidence of
natural twinning 1n red and fallow decr mcans that the only options for increasing ieproductive
rate in farmed deer are genetic selection or hormonal induction of double ovulations.

Progesterone & PMSG: A number of studies have nvestigated the use ot the intravaginal
CIDR device in conjunction with an intramuscular mjection of 200-500 1.U. PMSG at device
withdrawal. It may be significant also that in most cases treatments were applied prior 1o the
normal breeding season (39, 44, 51, &%).

In field trials on red deer 1n the Southland Region, Bringans & Lawrence (39) oblained a low
percentage ol treated hinds bearing twins (11%), although dose rate of PMSG had a major
effect (4% for hinds receiving 200 .u PMSG vs 14% for hinds receiving 400 1u PMSG)
Furthermore, ol hinds carrying twins 30% required assistance at calving and the mortality rate
of twin calves was considered (o be high. Data (rom other studics were mole encouraging.
however. Fenncssy er al (51) found 64% ol 92 treated hinds concerved o induced oestius,
and of these, 39 produced single calves, 19 produced twins and one produced triplets. The
muluple pregnancy rate for treated hinds was 21 7%. Furthermore, 75% ot twins survived
compared with 85% of singletons, giving an overall producuve advantage 1o hinds bearing
muluples.  As with other ruminant species, twin red deer were substanually highter than
singles at birth, proportionately about 30% lighter (cl. 15-25% highter tor other species, S1)
Accordingly, most deaths among twins were 1n calves of low birth weight () deaths were of
calves of <6 kg birth weight). The study demonstrated that the red deer hind has considerable
capacity to incrcase milk output adequate to rear twins. although for a given buth weight,
twin-reared calves were about 5 kg lighter than singles at 20 weeks (51)

The incidence of freemartinism may also be an important consideration; 1n this respect several
females from scts of unlike-sex twins have been found subsequently to be treemartins (96)
As these females are non-reproductive, induction of twinning to increase recruitment rates of
breeding female red deer will need to take into account the production of freemartins.

Induction of twinning 1n fallow deer 1s also possible by increasing the ovulation rate with the
CIDR device + PMSG regimen (17) However, ot all 11 induced twinnings recorded on the
Ruakura Agricultural Centre, none has resulied 1n a single live tawn at weaning  Typcally,
the fawns were born non-viable due to excesstvely low birth weights (1 €2 0 kg) 1t would
appear that the total weight of twins at buth (~4 kg) roughly equates to the normal buth weight
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of a singleton. Thus, it is probable that embryonic competiion, due to the fallow deer
placentation system, exacts a high price on fetal growth  On the basis of this work, 1t would
appcar that induction of twinmng 1n fallow deer 1s counter-productive over normal
reproductive management (13).

Economic Analysis: Successful twinning 1n practical farm situations requires a very high
levels of managerial skill. The economics of the practuce will thus depend greatly on the

manager. For this recason no cconomic analysts 18 presented

References

(1)

(2)

(3)

4)

(5)

(6)

(7)

(8)

9)

(10)
(11)
(12)
(13)
(14)
(15)
(16)
17)
(18)
(19)
(20)
(21)
(22)
(23)
(24)
(25)
(26)
(27)
(28)
(29)
(30)
3
(32)
(33)
(34)
(35)
(36)
(37)
(38)

Adam, C.L.
Adam, C.L.
Adam, C.L.
Adam, C.L.
Adam, C.L.
Adam, C.L.
Arendt, J. et

(1985). Rowett Research Insntute Annual Report pp 34-50
& Atkinson, T. (1984) J. Reprod Feir 72, 463-466

et al (1986). J. Reprod. Fert. 76, 569-573

er al (1987). J. Pineal Res. 4, 13-20.

et al (1989) J. Reprod. Fert., Abstr Ser. No 3, Absu 110
et al (1989). Amm. Reprod. Sci. 18, 77-86.

al (1981). Experentia 37, 584-586

Armstrong, D.T. er al (1992). Theriogenology 38, 667-678

Asher, G.W,
Asher, G.W,
Asher, G.W.
Asher, G.W.
Asher, G W.
Asher, GW.
Asher, G.W.
Asher, G W.
Asher, G.W,
Asher, G.W.
Asher, G.W,
Asher, G.W
Asher, G.W.
Asher, G.W
Asher, G.W
Asher, G.W
Asher, G.W,
Asher, G.W
Asher, G W
Asher, G.W.
Asher, G.W.
Asher, G.W,
Asher, G.W,
Baldassarre,

(1985).
(1986).
(1987).

J. Reprod. Fert. 75, 521-529.

PhD Thesis, Lancoln University, Lincoln, NZ.
Proc. 4th AAAP Ammal Sciences Congress p 247
(1990). Anmim. Reprod. Sci. 22, 145-159.

(1992). Pirogressive Fallow Deer Furming pp 29-58

& Adam, J.L. (1985). Buwlogy of Deer Production pp 217-224.
& Macmillan, K.L. (1986). J. Reprod. Fert. 78, 693-697.
& Peterson, A.J. (1991). J. Reprod. Ferr. 91, 649-654

& Smuth, I.F (1987) J. Reprod Ferr 81, 113-118

& Thompson, J.G.E. (1989). Anum. Reprod. Sci 19, 143-153.
et al. (1986) J. Reprod. Ferr 78, 487-496.

et al (1987) J. Repiod Fert 79, 353-362

et al (1988). J. Reprod. Fert 84, 679-691

et ul (1988) J. Zool. 215, 197-203

et al (1988) Anun Pirod 47, 487-492,

et al (1989). J. Reprod Fert 85, 667-675.

et al (1990). J. Repiod. Fert 89, 761-767

et al (1990) Theriogenology 34, 569-577

et al (1992). J. Repiod Fert 96, 261-273

et al (1992). NZ Ver J. 40, 8-14

et al (1993). Amim. Repirod Sci 33, 241-265.

et al (1993). Anim. Reprod Sa 33, 267-287.

et al (1994). J. Reprod. Ferr. 100, 11-19.

H et al (1994) Theriogenology 41, 159

Barry, T.N. & Wilson, P.R. (1991) Advances in Pineal Research 6, 249-25%
Berg, D.K. et al (1994a). Theriogenology 41, 160

Berg, D K. er al (1994b). Unpublished data.

Bittman, E.L. er ul (1983). Endocrinology 113, 2276-2283

Bowen, G. (
Bringans, M

1989). Piroc. of a Deer Course for Vetermaiians, NZVA 6, 8-10
J. (1989). Proc Ruakura Deer Industry Conference pp 47-50



(39)
(40)
(41)

(42)
(43)
(44)
(45)
(46)
(47)
(48)
(49)
(50)
(51)
(52)
(53)
(54)
(55)
(56)
(57)
(58)
(59)
(60)
(61)
(62)
(63)
(64)
(65)
(66)
(67)
(68)
(69)
(70)
(71)
(72)
(73)
(74)
(75)
(76)
)
(78)
(79)
(80)
(81)
(82)
(83)
(84)
(85)
(86)

-316~

Bringans, M.J. & Lawrence, D.W. (1988) Deer Coutse foi Veternarians, S, 36-4).

Bubenik, G.A. (1983). J. Exp. Zool. 225, 155-156.

Clutton-Brock, T.H. er al (1982). Red Deer. Behaviour und Ecology of Two Sees
University of Chicago Press.

Dixon, T.E. er al (1991). Therogenology 35, 193

Dott, HM. & Utsi, M.N.P. (1973) J. Zool 170, 505-508.

Fennessy, P.F. & Fisher, M.\W. (1988). Deer Course for Vetermarians, NZVA 5, 17-27

Fennessy, P.F. & Thompson, J.M. (1989). Proc. NZ Soc¢ Amim. Prod. 49, 5-10.

Fennessy, P.F.
Fennessy, P.F.
Fennessy, P.F.
Fennessy, P.F.
Fennessy, P.F.
Fennessy, P.F
Fennessy, P.F.
Fennessy, P.F.

et al (1986).
et al (1987).
et al (1987).
et al (1989).
et al (1990).
et ul (1990).
et al (1991).
et al (1994).

Deer Cowrse for Vetermnarians, NZVA 3, 103-120).
Deer Course for Veterinariuns, NZVA 4, 38-44
Deer Cowrse for Veternarians, NZVA 4, 33-37
Theriogenology 32, 877-883.

Anmim. Prod. 51, 613-621.

Anim. Prod. 51, 623-630).

Proc. N.Z Soc. Anun. Prod. 51, 327-33]1.
Therogenology 41, 133-138

Fisher, M.W. & Fennessy, P F. (1987). Deer Couise for Verernarians, NZVA 4, 38-44
Fisher, MW, & Fennessy, P.F. (1990) Anun. Prod 51, 213-216

Fisher, MW,
Fisher, M.W.
Fisher, M.W.
Fisher, M.W.
Fisher, M.\W.
Fisher, MW,

et al (1986).
et ul (1988).
et al (1989).
et al (1990).
et ul (1991).
et al (1994).

Proc. N.Z. Soc. Anim. Prod. 46, 171-173.

Pioc. N.Z. Soc. Amim. Piod. 4%, 113-116

Amim Prod. 49, 134-138.

Anmim Repirod Sci. 23, 49-50)

The Biology of Deer. Springer, NY pp 306-312.
Amm. Reprod Sci 35, 99-109

Fuku, Y. er ul (1991). Theriogenology 35, 499-512.

Gosch, B. & Fischer, K. (1989). J. Repiod. Fert. 85, 7-17.

Guinness, F.E. er ul (1971) J. Reprod Fert 27, 427-438.

Haigh, J C. (1984) J Am Vet Med Assoc 185, 1446-1447

Haigh, J.C. et al (1984). Proc Am Assoc Zoo Ver. 1984, 173

Haigh, J.C. er al (1988). J. Zoo Amm Med 19, 202-207.

lason, G.R & Guinncss, F.E. (1985). Amun. Behav. 33, 1169-1174
Jabbour, H.N. et al (1991). The Biology of Deer  Spunger, NY. p 357
Jabbour, H.N. er al (1993). J Reprod. Ferr. 98, 495-502

Jacobson, H.A. et ul (1989). J. Wildl. Manage. 53, 224-227.
Jaczewski, Z. & Jasiorowska, T. (1974). Acta Therwologica 19, 151-157
Jopson, N.B. et al (1990). Anun. Reprod Sci 23, 61-73

Karsch, F. et al (1984). Recent Prog. Horm Res 40, 185-232

Kelly, RW. & Moore, GH (1977) NZ Agiic. Sci 11, 179-181
Kelly, RW. er al (1982) J. Reprod. Feir. 64, 475-483.

Killeen, LD & Caffery, M.G.J. (1982) Ausr. Ver J. 59, 95
Krogenaes, A. er al (1994). Therogenology 41, 371-377.

Krzywinski, A. & Jaczewski, Z. (1978). Symp. Zool. Soc. London 43, 271-287
Lasley, B L. et al (1994). Therogenology 41, 119-132.

Lincoln, G.A. (1971). J. Zool. 163, 105-123.

Lincoln, G.A. & Ebling, F.J.P. (1985) J Repiod Fert 73, 241-253
Lincoln, G.A. et al (1984) J Reprod. Ferr 72, 339-343

Magyar, S.J. et al (1989). Theriogenology 31, 1075-1080

McComb, K (1987). Nuature 330), 648-649,

Meikle, L.M. er al (1992). Pioc. NZ Soc. Anim. Pirod. 52, 187-190



-317-

(87) Milne, J.A. er al (1990). J Endocrmol. 125, 241-249

(88) Moore, G.H. & Cowie, G M. (1986). Proc NZ. Soc. Anun. Prod 46, 175-178

(89) Morrow, C.J. er ul (1992) Proc. N.Z Soc. Anim. Prod 52, 165-169

(90) Morrow, CJ. er al (1994). Theriogenology (1n press).

(91) Mulley, R.C. (1989). PhD thesis, University of Sydney.

(92) Mulley, R.C. et al (1988). Theriogenology 29, 1149-1153

(93) Nowak, R. er al (1985). Anim. Prod. 40, 515-518.

(94) Pearse, A.J. (1988) Deer Course for Vetermarians, NZVA 5. 32-35

(95) Sirard, M.A. (1989). J Reprod Fert. Suppl. 38, 127-134

(96) Stewart-Scott, et al (1989). Proc. 6th Nth. Am. Colloquium on Cytogenetics of
Domestic Animals.

(97) Tervit, HR. er al (1993). Pioc. Aust. Soc. Reproductive Biologv 25. 60

(98) Thompson, JG.E & Asher, GW. (1988) Proc Aust Soc Reprod Bl 20, 4

(99) Veltman, CJ (1985). Deer Couise for Vetermanans, NZVA 2, 135-142

(100) Waldhalm, S.J. er al (1989). Therogenology 31, 437-450

(101) Webster, I.R. & Barrell, G.K (1985). J. Reprod Fert. 71, 255-260).

(102) Webster, J.R. er al (1986). Pioc Endiociine Soc Aust 29, Abstr ES

(103) Webster, JR. er al (1991). J. Reprod Fert. 92, 1-11.

(104) Wilson, P R. (1989). Deer Couise for Vetermnurians, NZVA 6, 54-5%.

(105) Wilson, P.R. er ul (1988). Deer Course for Vererinarians, NZVA S, 28-31.

(106) Wildt, D.E. er al (1992). Theriogenology 37, 161-184.

(107) Yellon, SM. & Foster, D.L. (1985)  Endocimology 116, 2096-2097



	011_36

