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This paper documents the successful development of
an artificial insemination (AI) programme for the
Koala Phascolarctos cinereus. The protocols for
trials involving two methods to induce ovulation and
two insemination techniques are described. In
Trial 1, interrupted coitus using a ‘teaser’ J success-
fully induced ovulation in nine Koalas. Five §? were
inseminated while conscious using a modified ‘foley
catheter’ (Cook insemination catheter) resulting in
the births of two offspring. The other four $% were
anacsthetized and inseminatcd using a technique
which allowed visualization of the most cranial por-
tion of the urogenital sinus, where semen was
deposited using a 3-5 Fr. “Tom-cat catheter’ (urogen-
itoscopic insemination). Three of the {our ¥¥ insem-
inated by this technique produced pouch young.
Microsatellite analysis of DNA from the pouch
young excluded the teaser 33 as possible sires, con-
firming that all offspring were sired by donor sperm.
In Trial 2, cight §¢ werc induced to ovulate by
injecting them with 250 International Units of
human chorionic gonadotrophin (hCG). A luteal
phase was confirmed in all eight ¢ hut only one
gave birth following urogenitoscopic insemination.
The Koala pouch young in this study are the first of
any marsupial to be conceived and born following
Al procedures. Details of the Al procedures used are
presented and the significance of Al to the conser-
vation biology of P. cinereus discussed.

Key-words: artificial insemination, assisted-breeding
technology, conservation, induced ovulation, koala,
marsupial

Assisted-breeding  technology  offers
exciting new possibilities to enhance tra-
ditional methods of ex sizu management
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and breeding of captive mammals (Holt,
1994). Although these techniques are
increasingly being used in the captive-
breeding of eutherian wildlife (Wildt
et al., 1993, 1997), the production of mar-
supial pouch young following artificial
insemination (AI) has yet to be achieved
(Mate et al.,, 1998). The potential applica-
tion of AI to the conservation and
management of marsupial populations
was originally proposed by Rodger (1990)
and at time of writing there have been
only three studies of Al in marsupials, as
exemplified by the Brushtail possum Tri-
chosurus vulpecula and Tammar wallaby
Macropus eugenii (Molinia eral., 1997,
1998; Nickel et al., 1997). In combination
with improved methods of superovula-
tion, these researchers developed an intra-
uterinefintravaginal laparoscopic insem-
ination system that resulted in fertiliza-
tion. However, despite these significant
advances, the production of pouch young
has not been reported.

In May 1998, researchers at the Uni-
versity of Queensland and Lone Pine
Koala Sanctuary (LPKS) announced the
birth of a Koala Phascolarctos cinereus
pouch young, produced following artifi-
cial induction of ovulation and insemina-
tion; a first for any species of marsupial.
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Six months later, and following paternity
analysts, a further five back-young were
confirmed born following Al. This paper
outlines the development and implemen-
tation of Al in Koala, describing the pro-
tocols and techniques employed in the
successful production of offspring, as well
as highlighting the potential applications
of Al to Koala conservation.

DEVELOPMENT OF ARTIFICIAL
INSEMINATION TECHNIQUES

Although the Koala is one of Australia’s
most  recognizable native mammals,
knowledge of the reproductive biology of
the species was, until recently, limited. In
an attempt to improve our basic knowl-
edge and thercby facilitate the manage-
ment of wild and captive Koala
populations, a series of studies, critical to
the development of an Al programme,
was carried outl (Johnston, 1999). Three
key areas were investigaled: (1) semen
collection (Johnston et al, 1994, 1997a)
and preservation (Johnston et al., 1992,
1993, 1998, 2000a), (2) detection of oes-
trus and the timing of ovulation (Johnston
et al., 2000b) and (3) anatomy of the ¢
reproductive tract to determine the most
appropriate site for the deposition of
semen (Johnston, 1999).

The use of Al in the Koala was first
proposed by Biery (1991) while devel-
oping semen collection methods based on
the use of an artificial vagina. Johnston
et al. (1992) later suggested the use of Al
when discussing the advantages of storing
chilled (16°C) Koala semen for short-term
preservation. In a review of the use of
reproductive technology in the Koala,
Johnston (1994) reported five unsuccessful
preliminary attempts at Al. However, at
that time it was not fully recognized that
ovulation was induced by coitus (John-
ston et al, 1997b, 2000b,c). Given new
information on the reproductive physi-
ology, behaviour and anatomy of
P. cinereus, a more targeted attempt at Al
was possible.

Semen collection Since 1991 semen has
been collected from Koalas by electroeja-
culation (Wildt eral, 1991; Johuston
etal, 1994). However, this technique is
comparatively invasive, requiring the 3 to
be placed under general anaesthesia and
an electrode probe to be inserted in the
rectum. In addition, some semen samples
may coagulate following electrogjacula-
tion (Johnston et al, 1994) making fur-
ther manipulation of the semen for Al
impossible. A breakthrough in the collec-
tion of semen from captive Koalas came
with the development of a method that
utilized an artificial vagina (Biery, 1991;
Johnston et al, 1997a). This technique
was non-invasive and required no anaes-
thesia. Semen samples collected using an
artificial vagina were typically larger in
volume, had a higher sperm concentration
and only rarely coagulated after ejacula-
tion (Johnston et al.,, 1997a).

Timing of insemination The detection of
oestrus in the Koala is a comparatively
simple procedure (Blanshard, 1994; John-
ston et al., 2000b) because the ¢ displays
an overt behavioural oestrus (Smith,
1980). To detect oestrus, a § ‘teaser’
Koala is placed in the ¢’s enclosure where
he will characteristically scent tree poles
with his sternal gland, urinate and then
start to bellow. This behaviour alerts &2
to the presence of the 4 and 9% that are
sexually receptive start to display typical
oestrous behaviour,

The most conspicuous ¢ behaviour is
‘jerking’ or ‘convulsive’ behaviour where
the § appears to be ‘hiccoughing’ uncon-
trollably. Oestrous $9 may also attempt to
mate with other oestrous $9 in the enclo-
sure (Johnston et al., 2000b). Other ocs-
trous behaviours include restlessness, in
which the 2 may pace around the cnclo-
sure, bellowing and urinating in response
to the presence of the 3. Oestrus in non-
mated Koalas usually lasts ¢ 10 days
(mean + SE 10-3 £ 0-9 days; range
0-19 days) (Johnston et al., 2000b).
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A significant advance in the develop-
ment of the Koala Al programme was the
discovery that ovulation appears to be
induced by coitus (Johnston et al., 1997b,
2000b,c). Previous estimates of the length
of the oestrous cycle in P. cinereus
(c. 28-35 days) had presumably been
based on non-mated anovulatory cycles
(Brown, 1987; Handasyde efal, 1990);
further investigation showed that the
actual length of an oestrous cycle incor-
porating a luteal phase was significantly
longer at 49-5+ 1-0 days (Johnston et al.,
2000b).

Recent studies have also shown that it
is possible to induce a luteal phase in
Koala in preparation for Al by means of
interrupted coitus, where the penis of the
teaser J is diverted out of the ¥’s urogen-
ital sinus before ejaculation of the sperm-
rich fraction (Johnston eral, 2000c).
However, because there is a 12-:5% prob-
ability that semen from the teaser § may
be emitted prematurely during interrupted
coitus, genetic analysis is required to
determine paternity of any resulting
offspring.

When eight 9% were injected with
250 International Units (IU) of human
chorionic gonadotrophin (hCG) (Choru-
lon®), a luteal phase was successfully
induccd in all of them but it was not
possible to determine conclusively
whether the ¢¢ had ovulated (Johnston
et al., 2000¢).

Placement of the semen The reproductive
tract of ¢ Koalas, like all marsupials,
comprises two lateral vaginae (Johnston,
1999). This anatomy makes the placement
of semen directly into the uterus via the
lateral vaginac or vaginal culs-de-sac vir-
tually impossible unless a laparoscopic
insemination protocol is used. The Koala
also has a septum of tissue separating the
left and right sides of the vaginal culs-de-
sac; therefore, semen may need to be
deposited into both lateral vaginae.
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Catheter design  The design of a catheter
suitable for depositing semen into the
upper urogenital sinus was based on
measurements of the Koala reproductive
tract in the proliferate phase of the oes-
trous cycle (Johnston, 1999) and a cast of
the € urogenital canal. The cast was made
from the lower reproductive tract of a sex-
ually mature ¢ Koala cadaver, by intro-
ducing ¢. 5 ml liquid epoxy resin into the
urogenital sinus. Based on these observa-
tions, Cook Industries Australia Pty Ltd,
Brisbane, helped to develop a prototype
Cook insemination catheter; essentially a
customized ‘foley catheter’ (Plate 1).
Designed to be inserted ¢. 25 30 mm into
the ¢’s urogenital sinus, the catheter has a
cuff situated 10 mm behind the tip which
can be inflated to a diameter of 13 mm.
When the inflated cuff is held firmly in
place against the inner margins of the uro-
genital sinus, semen deposited in front of
the cuff can be displaced into the dorso-
cranial portion of the urogenital sinus and
into both lateral vaginae.

ARTIFICIAL INSEMINATION TRIALS
Animals Following preliminary investi-
gations, between December 1997 and
March 1998 Al was carried out on 17 sex-
ually mature ¢ Koalas maintained at
LPKS. Twenty sexually mature 33 were
used either as teaser 33 to induce ovula-
tion or as sperm donors. The Koalas were
all clinically healthy throughout the trial
period and the husbandry of Koalas at
LPKS has been described previously
(Blanshard, 1994). The breeding records
at LPKS were consulted so that, wherever
possible, the donor sire and the dam were
chosen to maximize the likelihood of
heterozygosity in the offspring, thereby
facilitating subsequent paternity analysis
of pouch young.

Semen  collection and  characteristics
Semen was collected from 14 33 using an
artificial vagina (Johnston eral, 1997a)
and semen characteristics, including
percentage of forwardly motile spcrmat-
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ozoa (YoaFM), rate of sperm movement (R)
and sperm concentration, were evaluated
(Johnston et «l, 1997a). The undiluted
semen sample was maintained at room
temperature (22-25°C) for
¢. 15-30 minutes prior to insemination.

Trial 1. ovulation induced by interrupted
coitus  Ovulation was induced in nine
oestrous §% by allowing a teaser § to
mount the ¢, achieve intromission and
reach the end of his thrusting period
(Johnston, 2000c). Details of the copula-
tory behaviour of the teascr § were
recorded. The 5 was then removed and
the ©’s urogenital sinus was swabbed to
determine the presence of sperm.

Two methods of insemination were
attempted. The first used a modified foley
catheter, or Cook insemination catheter,
as described above. Approximately
30 minutes after interrupted coitus, the
conscious oestrous ¢ was gently restrained
in a partial upright position, termed
insemination recumbency (Plate 2).

Approximately 1 ml undiluted semen was
drawn up into a | ml syringe. The catheter
was then inserted ¢. 25 mm into the uro-
genital sinus and approximately posi-
tioned so that the semen would be
deposited into the dorsal portion of the
urogenital sinus, immediately adjacent to
the openings of the lateral vaginae. The
cuff of the insemination cathcter was then
inflated using ¢. -3 ml sterile water and
gently retracted to ensure that the cuff
was securely in place. The | ml syringe
was then attached to the catheter and
semen deposited slowly into the urogenital
sinus, followed by 1 ml of air. The ¥ was
maintained in insemination recumbency
for a further 15 minutes before the cuff
was deflated and the catheter removed.
Five ©© were inseminated using this
method.

The remaining four ¢ were insemi-
nated using a urogenitoscopic approach.
Approximately 30 minutes after inter-
rupted coitus, the ¢ was placed under light
gaseous, Isoflurane anaesthesia (Mc-

Plate 1. Modified foley (Cook) insemination catheter developed for artificial insemination procedures in Koala

Phascolarctos cinereus. Cook Australia Pty Lid.
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ozoa {¥FM}. rate of sperov movement (R}
and sperm concentration, were evalualed
(Johnston ef al, 1997a). The undiluted
semen sample: was maintained at room
temperature (22-25°C) for
¢. 1530 minutes prior (o insemination.

Trial 1 ovulation induced by interrupied
coitus Ovulation was induced n nine
gestrous by allowing a teaser 4 to
mount the %, achieve mtromission and
reach the end of his thrusting penod
{Johnston; 2000c). Details of the copula-
tory behaviour of the teaser § were
recorded. The 3 was then removed and
the s urogenital sinus was swabbed to
determine the presence of sperm.

Two methods of insemination were
attempted. The first used a wiodified foley
catheter, or Cook insemination catheter,
as  described  above. . Approximately
30 minutes after intertupted: coitus, the
conscious oestrous s was gently restrained
in a partial upright © position, . termed
msemination recumbency (Plate 23.
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Approximately Ll undiluted semen was
drawn up into a 1 ml syrioge. The catheter
was then ioserted ¢ 25 mm into the uroe-
genital sinus and - approximately posi-
tioned so° that the  semen  would: be
depasited into the dorsal portion of the
urogenital sinus, immediately adjacent to
the openings of the lateral vaginae. The
cufT of the insemination catheter was then
inflated using ¢ 13 ml sterile water and
gently retracted (0 ensure that the cuff
was securcly in place. The 1 ml syringe
was then attached to the catheter and
semen deposited slowly into the urogenital
sinus, followed by | ml of air. The | was
maintained i insemination recumbency
for a further 15 minutes before the cuff
was ‘detlated: and the -catheter removed.
Five were -inseminated using  this
mathad.

The “remaining - four were insemi-
nated Using 4 urogenioscopic approach.
Approxiniately 30 minutes alier inter-
rupted coitus, the & was placed under light
gaseous, darane andesthesia (Me-

Plate L. Modified feley (Cook) insemination catheter developed for artificial inseminatiop procedures n Koala

Phascolaretos cinerous. Cook Avsiralio Piv Lid.
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Gowan et al., 1995) and positioned in ven-
tral recumbency on a tilting table set at an
incline of ¢ 30° with the hind quarters
extended over the edge of the tablc. An
otoscope with a 70 mm-long speculum
was inserted into the urogenital sinus to
visualize  the longitudinal  grooves
extending towards the entrances of the lelt
and right lateral vaginae. To ensure that
all the semen in the catheter was expellcd,
0-5 ml air was initially drawn up, followed
by ¢ 0-5-0-6 ml semen, into a 3-S5 Fr.
‘Tom-cat catheter’, connected to a 1 ml
syringe. The Tom-cat catheter was care-
fully positioned down the barrel of the
speculum and along the longitudinal

THE DEVELOPING ZOO WORLD

grooves of the urogenital sinus (Johnston,
1999). Given the extreme hyperplasia and
hypertrophy of the epithelium lining the
lumen of the urogenital sinus (Johnston,
1999), it was often not possible to be cer-
tain of insemination directly into the
lumen of each lateral vagina. In these cir-
cumstances, semen was deposited into the
most cranial portion of the left and right
longitudinal grooves of the urogenital
sinus, immediately adjacent to the lateral
vaginal ostia. After insemination, 2%
remained in elevated ventral recumbency
for a further 5 minutes before being
allowed to recover from anaesthesia in lat-

Plate 2. Artificial insemination of a conscious Koala using the Cook insemination catheter. S. D. Johnston.
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Gowan ef al, 1995} and positioned in ven-
tral recumbency on a (ilting table set at an
incline .of ¢ 30" with the hind: quarters
extended over the edge of the table. An
otoscope with a 70 mm-long speculum
was inserted inte the urogenital sinus to
visualize . the - longitudinal  grooves
extending towards the entrances of the left
and right lateral vaginae. To ensure that
all the semen-in the catheter was expelled,
0-5 ml air was initially drawn up, followed
by ¢ 0-5-0-6 ml semen, into a 3-5Fr.
“Tom-cat catheter’, connected to a 1 ml
syringe. The Tom-cat catheter was care-
fully positioned down the barrel of the
spectulum - and - along the longitudinal
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grooves of the urogenitul sinus (Johnston,
1999). Given the extreme hyperplasia and
hypertrophy of the épithelium lining the
lumen of the wrogenital sinus (Jobnston,
1999}, it was often not possible to be cer-
tain of insemination directly - into  the
tumen of each lateral vagina. In these cir-
cumstances, semen was deposited into the
most cranial portion of the left and right
longitudinal - grooves of the urogenital
sinus, immediately adjacent to the lateral
vaginal ostia. After insemination,
remained in elevated ventral recumbency
for a Ffurther 35 minutes before being
allowed to recover front anaesthesia in lat-

Plate 2, Artificial insemination of a conscious Koala using the Cook insemination catheter. S D. Johnston.
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eral recumbency. Inseminated %9 were
subsequently isolated from J contact.

Trial 2:  ovulation induced by hCG
Induction of ovulation was attempted in
a further eight Koalas by injecting 250 [U
hCG (Chorulon®) into the right supras-
pinatus muscle on day 2 of ocstrus (John-
ston et al., 2000c). On¢ © was inseminated
using the Cook insemination catheter
method and seven were inscminated using
the urogenitoscopic procedure.

Progestogen assay and confirmation of a
luteal phase Blood (2 ml) was collected
from the 29 in Trials I and 2 to measure
plasma progestogen concentrations on the
day of inscmination (day 0) and at 14 and
28 days after interrupted coitus or hCG
injection. Progecstogen assay procedures
have been dcscribed previously (Johnston
et al., 2000b). Successful induction of a
luteal phase in non-parturient Koalas was
confirmed by a significantly elevated pro-
gestogen concentration (>0-9 ng/ml) on
days 14 and 28. If insemination did not
rcsult in a birth, the % were checked reg-
ularly for signs of oestrus and the inter-
oestrous interval recorded. Daily checks
for the presence of offspring in the pouch
were carried out from day33 after
insemination.

Paternity analysis  Blood (4 ml) was col-
lected from adult Koalas into vacutainer
tubes containing 100 pul 15% K,-EDTA
and f[rozen at —20°C for subsequent
genetic analysis. A 3 mm-diameter tissue
biopsy was taken from the loose skin of
the right flank of all Koalas born fol-
lowing Al when the young were
6-7 months old. DNA was extracted from
the biopsies and paternity testing carried
out using five hypervariable microsatellite
markers, as  described  previously
(Houlden eral, 1996). Paternity was
assigned by exclusion analysis.

Results of Trial I The characteristics of
thrusting behaviour and incidence of

premature ejaculation by teaser 33 used
to induce ovulation in nine Koalas in
Trial 1 are presented in Table 1. The mean
(+SE) number of thrusts and period of
thrusting was 35-8 +3-1 and 20-4 +1-2 sec-
onds, respectively. Spermatozoa were
detected in the urogenital sinus of three of
the nine $% following thrusting. Table |
also records the characteristics of the
donor semen. The mean (£ SE) sperm cell
concentration, %FM and R were
162-24+33-9 million/ml, 76:1+2'6 and
3-94+0-2, respectively.

The upper limit of the 99-9% confidence
interval of progestogen concentration in
blood taken during oestrus from all 17
Koalas (Trails1 and 2) was 09 ng/ml.
The progestogen concentration in samples
collected on days 14 and 28 after inter-
rupted coitus are shown in Table | and
confirm that a luteal phase was success-
fully induced in all nine ¢¢. The mean
(+SE) progestogen concentration on
days 14 and 28 in pregnani Koalas was
62+12ng/ml  and 157+3-3 ng/ml,
respectively, while the progestogen con-
centration on the same days in non-par-
turient Koalas (F8, F42, F43, F36) was
50+0-7ng/ml and 109+ 14 ng/ml.
Three of the four §9 which failed to give
birth  displayed signs of oestrus
¢. 52:7+1-2 days after coitus. Five of the
nine 29 (F20, F44, F2, F28, F45) which
were artificially inseminated gave birth to
live pouch young.

Microsatellite genotyping at five vari-
able loci and simple exclusion analysis
were carried out to determine paternity of
the pouch young (Table 2). Microsatellite
typing of the five dam-offspring dyads
was consistent with known relationships
based on observations made by the
keeper. Triad relationships were then
investigated and the teaser 33 could be
excluded as potential sires for at least two
of the five loci scored. Therefore paternity
of all five offspring could unambiguously
be assigned to the donor 3.

|
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C T
F8 F20 F42 F43 F4 F36 F2 F28  F45
Teaser 3 MI8 MIi9 MI2 M33 MI9 M30 M36 M23 M36
No. thrusts/ 41/ 42/ 47 37/ 27 25/ 42/ 30/ 3
length of thrusting period (seconds) 27 25 20 20 17 20 20 IS5 20
Sperm of teaser § present no no no no no ves no yes ycs
Donor 3 M31 M31 MI5 M34 M32 M35 M37 M24 M30
Sperm concentration (millions/ml) 140 120 150 400 120 200 200 80 50
Forward motility (% 63 70 70 80 90 80 80 70 80
Rate of sperm movement (0-5) 4 3-5 4 5 4 4 4 3 35
Volume of inseminate (mf) 07 1 I-1 | 0-8 09 1 12 09
PROGESTOGEN ANALYSIS
day 0 (ng/ml) 05 I 02 03 03 0-9 0-1 01 05
day 14 (ng/ml) 64 49 1] 49 9-4 5-4 34 87 48
day 28 (ng/ml) 133 98 12 71 26 112208 1119 10
Days to next oestrus after coitus 55 birth ND 51  birth 52 birth  birth birth
Paternity analysis excluded teaser 5 NA yes NA NA yes NA yes yes yes

Table 1. Summary of Koala Phuscolurcios cinereus artificial insemination Trial 1 in which ;= were induced to
ovulate using interrupted coitus: C. Cook insemination catheter procedure; T. Tom-cat catheter urogenitoscopic

procedure; ND. no data; NA. not applicable.

Results of Trial 2 The characteristics of
the eight donor cjaculates used in Al and
the progestogen assays results from
Trial 2 arc shown in Table 3. The mean
(+SE) sperm cell concentration, %FM
and R wcre 257-5431-3 million/ml,
74:043-6 and 3-8+0-1, rcspectively.

Hormone analysis of blood samples
collected on days 14 and 28 confirms that
a luteal phase occurred in all eight £¢
induced to ovulate by hCG injcction. The
mean (+SE) progestogen concentration
on days 14 and 28 was 7-1 +0-7 ng/ml and
18-344-2 ng/ml, respectively, which is not
significantly different from progestogen
concentrations in ¢% induced to ovulate
using interrupted coitus. Artificial insem-
ination resulted in only one birth, by F48,
following the urogenitoscopic procedure.

During the insemination of $9 F49 and
F54, most of the inseminate coagulated in
the catheter, therefore both ¢ failed to
receive the full inseminate. Koala F51 uri-
nated during the insemination procedure,
potentially contaminating the inseminate
and possibly rendering it infertile.

Comparison of methods The results of
Trial I show that Al in Koalas using
interrupted coitus to induce ovulation
resulted in five of the nine ¥¥ becoming
pregnant. All pouch young were con-
ceived from donor semen, indicating that
even though spermatozoa from the teaser
3 were present in the urogenital sinus of
some 7 after interrupted coitus, the
number of sperm was probably not suffi-
cicnt to result in fertilization. One ¢ (F45)
gavc birth following insemination with
semen which had a sperm count of only
50 million/ml, approximately one-third of
the mean cjaculate specrm concentration
recorded by Johnston er a4l (1997a). This
result suggests that it may be possible to
dilute Koala semen, thercby permitting
the insemination of more than one £ from
one donor 4. Further expcricnce in Al is
required before the relationships between
the various characteristics of the ejaculate
and the successful production of pouch
young can be elucidated fully.

Similarly, while the urogenitoscopic
procedure resulted in a slightly higher
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pregnancy rate than the Cook insemina-
tion catheter method in Trial 1, further Al
trials will be required before one method
can be considered superior to the other.
The Cook insemination catheter method
is preferred because neither anaesthesia
nor the use of an otoscope to visualize the
entrances of the lateral vaginae are
required. The Koala pouch young born in
Trial | are the first marsupials to be con-
ceived and born following Al

Although eight $¢ were induced to ovu-
late by injecting hCG, only one ? gave
birth. However, the resulting pouch young
was the first marsupial to be born fol-
lowing hormonal induction of ovulation
together with Al. The lack of success in
the remaining 9 requires further investi-
gation but was most likely related to the
failure of either ovulation or fertilization.
In Trial 2 it was not possible to determinc

directly whether hCG administration had
resulted in ovulation, or whether ovula-
tion had occurred but the oocytes had
become trapped within luteinized follicles.

ROLE OF AI IN KOALA CONSERVATION

A recent review of the status of P. cinereus
in Australia (ANZECC, 1998) revealed
that whilc the species was under no imme-
diate thrcat of extinction on a national
basis, rcgional conservation status varied
significantly, being secure in some areas
and vulnerable or extinct in others. For
cxample, in Queensland, population num-
bers are declining slowly and in New
South Wales Koalas have disappeared
from 50-75% of their range as a result of
habitat loss. In contrast, some popu-
lations in Victoria and South Australia
occur at such high densities that they are
causing significant defoliation of eucalypt

INDIVIDUAL RELATIONSHIP GENOTYPL OF ALLELES AT LOCUS

The results of
n Koalas using Phci-2 Phci-25 Phci-11 Phci-1 Phei-4

nduce ovulation

oo b ) F20 Dam 172/172 125/123 163/161 118/100 111/109

¢ ¥¥ becoming PIF20 Pouch young 190/172 123/123 169/161 116/100 11/111
jung werc com- Mig* Teaser 180/172 147/129 169/159 102/100 11/109
1, indicating that M3l Donor 194/190 123/123 179/169 116/102 111/109
1 from the teascr F44 D 180/172 155/155 169/169 18/118 1117109

M4 : am
ogenital sinus of P2F44 Pouch young 172166 155/125 1697159 118/100 111/109
ted  coitus, the M19* Teaser 180/172 147129 1697159 102100 111/109
obably not suffi- M32 Donor 1721166 1497125 163/159 102/100 1117109
ion. Onc 5 (F43) F2 D 192/172 149/125 185/179 18/100 109/109
fath wi 2 am 17 1
Scmm‘monf ih P3F2 Pouch young 172/166 155/125 179/169 118/118 111/109
m count ol only M36* Teaser 196/172 155/131 169/163 118/118 119/109
tely onc-third of M37 Donor 1727166 15S5/131  169/159  118/102 1111109
m concentration
al. (1997a), This paF2s Pouch 16196 1 lensr  loziog  sin
f ouch young R /

v be possible to M23* Teaser 192/192 155/125 179/163  118/104  109/107
:reby permitting M24 Donor 196/172 147/123 169/157 102/100 119/119
than onc % from
perienco tn Al Is PsFas Pouch G190 14735 161%  low100 111109
ionshi : 5F4 ouch young /1 1 102,
N fhilps ?et\w;;en M36* Teaser 196/172 155131 169/163 11818 119/109
s of the ejaculate M30 Donor 196/190 135/133 163/161 100/100 111/109
uction of pouch
fully. . . ' * Malcs cxcluded as sires at two or more loci.

urogenitoscopic Table 2. Paternity assignment in Koalas born by artificial insemination. Genotypes are listed as allele size relative

1 slightly higher

to a standard size marker, as described previously (Houlden e/ o/, 1996).
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C T
F49* F48 F49 F50 F51** F52 F53 E54*
Donor § M24 M34  M49 M40 M4] M42 M43 M4
Sperm concentration {(millions/ml) 100 200 240 220 300 400 300 300
Forward motility (%) 60 80 84 86 83 68 64 67
Rate of sperm movement (0-5) 3 4 4 4 4 4 35 4
Volume of inseminate (ml) 08 06 13 1-6 11 1 06 ]
PROGFSTOGEN ANALYSIS
day 0 (ng/ml) 0-5 02 16 10 141 10 03 0-2
day 14 (ng/ml) 53 75 5-4 78 9-5 53 57 10-2
day 28 (ng/ml) 6-8 155 66 42-8 15-8 13-5 233 22-1
Birth no yes no no no no no no

Table 3. Summary of Koala artificial insemination Trial 2 in which %7 were induced to ovulate using 250 IU hCG:
C. Cook insemination catheter procedure; T. Tom-cat catheter urogenitoscopic procedure; * semen coagulated in

insemination catheter; ** ¢ urinated during insemination.

Eucalyptus spp, prompting recommenda-
tions to cull animals (Possingham et al,
1996). Phascolarctos cinereus is classified
as Lower Risk (near threatened) by IUCN
(Hilton-Taylor, 2000).

Koalas appear to reproduce success-
fully in the wild and in captivity. Martin
& Handasyde (1990) reported that the
intrinsic rate of increase of some wild dis-
ease-free Koala populations in Victoria
can be as high as 0-26, which is approxi-
mately equivalent to a doubling of the
population every 3years. At time of
writing LPKS maintains ¢. 130 Koalas,
the majority of which were born at the
Sanctuary. A selective-breeding pro-
gramme, managed to maintain maximum
genetic diversity of the captive population,
has resulted in the birth of ¢ 30 pouch
young each breeding season
(O’Callaghan, 1996).

Given that P. cinereus is not currently
threatecned with extinction and that the
species appears to have little difficulty
reproducing, there would seem to be no
grcat advantage in attempting to improve
reproductive output via assisted reproduc-
tion techniques. However, the develop-
ment of artificial-breeding technology in
P. cinereus will be advantageous in the
longer term.

Understanding basic reproductive
biology Reproduction is a key variable
in ecological models of population
growth. Knowledge of the reproductive
physiology and behaviour of the Koala
gained through the development of an
artificial-breeding programme will greatly
influence the strategies and implementa-
tion of management plans for conserva-
tion of the species. O’Callaghan (1996)
reported that the mean natural birth rate
of Koalas maintained at LPKS from 1988
to 1996 was 57% but that in some scasons
the rate was as low as 43%. A better
understanding of the fundamentals of
Koala reproduction is likely to improve
further the breeding potential and repro-
ductive management of captive popu-
lations. Alternatively, Possingham ez al.
(1996) recommended using mcthods of
fertility suppression for controlling Koala
population numbers in South Australia.
The development and application of such
techniques can only progress if normal
reproductive function in the Koala is
understood.

Reproductive tools Sor genetic
management The cryopreservation of
Koala semen, in combination with an Al
programme, has the potential to facilitate
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the genetic cxchange required lo maintain
high levcls of heterozygosity and evolu-
tionary potential. Genelic diversity of cap-
tive populations, within Australia and
overscas, could be maintained and
improved by utilizing spermatozoa col-
lected from unrelated free-ranging 33.
Semen can be collected safely from Koalas
in the field, frozen and transported,
thereby climinating the need to trans-
locate thc animals.

The use of Al may also directly benefit
wild Koala populations. As free-ranging
populations continue to be subjected to
fragmentation and genetic isolation as a
result of habitat loss and degradation, Al
could be used to introduce new genotypes
from other wild populations or from well-
managed captive colonies, for example,
LPKS. The technology is now available
for the collection and cryo-banking of
semen from every Koala population in
Australia (Johnston efal, 1993, 1994,
1997a). Such an undertaking would
potentially secure a high proportion of the
existing heterozygosity for the long term.

Transport of frozen semen  One of the ini-
tial reasons for developing an Al pro-
gramme for the Koala (Johnston et al,
1992) was to respond to the adverse public
reaction in Australia over the shipment of
live Koalas to overseas zoological insti-
tutions. At time of writing there are 26.32
Koalas in zoos in the USA, and 32.47 in
Japan (ANZECC, 1998). The ability to
transport frozen semen would eliminate
the need to ship 3 Koalas overseas. Semen
from 50 Koalas, slowly introduced into a
small captive population overseas through
Al, would impart enough genetic vigour
to maintain sufficient heterozygosity for
decades, perhaps centuries. The transport
of semen rather than live animals would
also be significantly less expensive: ship-
ment of frozen semen requires minimal
specialized care or cargo arrangements,
and allows for the transport of genctic
material from a greater number of foun-
ders at any one time. At time of writing

there are no specific quarantine or legal
ownership provisions related to the ship-
ping of marsupial semen overscas. How-
ever, it is likely that the quarantinc
regulations used for the transit of scmen
from livestock or other non-domestic
animals could easily be modified to apply
to Koala semen.

Monitoring  or overcoming infertility
Artificial reproduction techniques are
extremely useful for identifying and over-
coming specific anatomical, physiological
and behavioural infertility problems. For
example, it may be possible to identify
infertility in the 3 Koala by determining
the characteristics of the ejaculate and the
proportion of abnormal sperm, as has
been achieved for many domestic animals
(Barth & Oko, 1986; Hafez, 1993). Or, if
a genetically important sire is unable to
mate with a chosen ¢ because of injury,
incapacitation or poor libido (Biery,
1991), semen can be collected by electroe-
jaculation and thc sclected 9 subsequently
inseminated. Johnston (1994) has demon-
strated that the characteristics of the elec-
troejaculate from blind and/or disabled
Koalas were not dissimilar to those of
other healthy Koalas. Motile spermatozoa
can also be recovered from the cauda
epididymides of necropsied specimens up
to 24 hours post mortem (S. D. Johnston,
pers. obs), cryopreserved and potentially
used at a later stage in an Al programme.

Preliminary studies have shown that
Chlamydia sp can be detected in Koala
seminal plasma (P. Timms &
S. D. Johnston, unpubl. data); it may be
possible to screen Koala semen for Chla-
mydia sp or other infectious agents before
use in AL It may also be possible to treat
the scmen with appropriate antibiotics in
order to remove pathogenic organisms
beforc use. These examples highlight the
possibilities of introducing genetic diver-
sity from valuable 33 that may otherwise
not be able to contribute to the gene pool.
These approaches may be particularly
important for small wildlife parks or over-

e
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seas zoos which do not have ready access
to alternative sires.

The Koala as a research model The
research carried out to date demonstrates
that P. cinereus is an excellent model
species for reproductive studies (Johnston,
1994). Their comparatively passive nature,
moderate size and habituation to captivity
make handling the animals, the collection
of blood and reproductive examinations
straightforward procedures requiring no
sedation or anaesthesia. Even for com-
paratively invasive procedures Koalas
show good tolerance to injectable and gas-
eous anaesthesia (Blyde, 1990; Bush et af.,
1990; McGowan ef al,, 1995). Repeated
electroejaculation (Johnston et al, 1994)
and chronic catheterization (Cleva et al.,
1994) do not appear to have any obvious
ill effects. . .

The ¥ Koala displays an overt behav-
ioural oestrus (Blanshard, 1994), making
detection of oestrus unambiguous. Large
parks in south-east Queensland, such as
LPKS and Dreamworld, use similar sys-
tems to those used at a commercial pig-
gery to manage Koalas and for breeding
husbandry (Blanshard, 1994), providing
excellent opportunities for reproductive
studies.

Like the Brushtail possum, Tammar
wallaby and Fat-tailed dunnart Smin-
thopsis  crassicaudata, the Koala may
prove to be a useful reproductive model
(Wildt er al., 1986) for the development of
artificial-breeding technology in other
marsupials, particularly the closely related
wombat species; for example, the Criti-
cally Endangered Northern hairy-nosed
wombat Lasiorlinus  krefftii  (Hilton-
Taylor, 2000).

A proactive approach A major problem
with many conservation programmes is
that, by the time a species is threatened
with extinction, population numbers are
so low that research into basic reproduc-
tive physiology and anatomy is difficult
and perhaps even detrimental to survival

THE DEVELOPING ZOO WORLD

of the remaining individuals. Such a crisis
situation is generally not appropriate for
the development and application of
assisted reproductive technology, and is
one of the primary reasons for its general
lack of success.

A proactive approach to understanding
the reproductive biology of the species is
therefore required while the population is
still comparatively large and in a reason-
ably strong ecological position. Given that
significant numbers of Koalas still survive
in the wild (ANZECC, 1998) and that
they breed well in captivity (Blanshard,
1994), P. cinereus is a species that could
benefit from the proactive development of
artificial-breeding technology. The suc-
cessful development and long-term
application of Al will be a useful manage-
ment tool to help ensure survival of the
Koala far into the future.

The development of assisted-breeding
technology leading to successful Al in the
Koala, as reported here, has not only con-
tributed substantially to a better under-
standing of the fundamental reproductive
biology of this species but also should
enhance our ability to manage and con-
serve P. cinereus both in the wild and in
captivity. Most important, these studies
have demonstrated that artificial breeding
of marsupials is possible and, with further
research, similar technology may also be
developed to improve the reproductive
potential of other more highly threatened
species, such as the Northern hairy-nosed
wombat.
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