






Table 2. Breeding results for P. corroboree at Melbourne Zoo from 2006 to 2012. All weights were taken just prior to 
breeding in February or March.

2006 2007 2008 2009 2010 2011 2012
No. of adult frogs used 
(♂.♀.unknown) 1.2  1.2.2      2.4.8 6.6.7 7.7.6 10.11.3 10.12.2

Ave. female mass (g)
(range) —   —         —

2.46
(1.85–
2.84)

3.17
(2.79–
3.72)

3.42
(2.74–
3.97)

3.58
(2.92–
4.63)

No clutches laid 1-2 3         2 11 12 3 17

No. of nests — —         2 6+ 7 3 12

Eggs laid 42 46        32 187 235 119 556

Average clutch size 21 15.3        16 17 19.58 39.6 46.33

% mortality of eggs 95.3 100       78.2 91.5 77.5 69.8 27.1

Discussion

The ex situ conservation program for P. corroboree is an 
important Australian captive breeding program due to 
the iconic nature of the species and the critical status of 
wild populations. Refinement of husbandry techniques 
over the last seven years has led to improved breeding 
success and has allowed for the release of captive-bred 
eggs into the wild for experimental reintroductions. The 
likely reasons for our increased captive breeding suc-
cess include provision of an adequate winter cooling 
period, the timing of introduction for breeding, placing 
multiple males in breeding tanks, and the correct age 
and body weight of frogs (especially females).

Reproductive Behavior

Pseudophryne corroboree is a sub-alpine species, with 
wild frogs brumating at temperatures below 5 °C under 
a layer of snow between June and August (Green and 
Osborne 2012). The frogs at both institutions were ex-
posed to an overwintering period at 5 °C, though this 

period was shorter and later than in the wild in order 
to allow the females to increase weight between breed-
ing seasons. We assume that a winter cooling period is 
important for reproduction in this species, but we did 
not investigate the critical overwintering temperature 
or minimum time required to permit reproduction. In 
the wild, the mean daily maximum temperature in P. 
corroboree habitat is below 5 °C for three months of the 
year (Bureau of Meteorology 2012).

Providing females with mate-choice by establishing 
multiple males in each breeding tank may have also 
contributed to the increase in reproductive success. 
Within each breeding tank, not all males established 
nests or called and there was a marked difference be-
tween the success of individual males, suggesting that 
females were demonstrating mate choice. Both zoos 
have also had gravid females that did not lay eggs in 
their breeding tanks by the end of the breeding season, 
but laid eggs shortly after they were moved to another 
tank. This suggests that they may not have been sat-
isfied with the males or nest sites within the original 
tank. Female mate choice is quite widespread among 
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anurans, with choice determined by a number of pos-
sible factors, including call frequency, male body size 
or male territory (Gerhardt and Huber 2002; Sullivan 
et al. 1995). Although mate choice is apparent in cap-
tive P. corroboree, it is not clear which characteristics 
females utilize to assess mate quality.

The separation of sexes outside the breeding season 
and the timing of their introduction to breeding tanks 
may be additional factors contributing to breeding suc-
cess. The establishment of males in breeding tanks prior 
to the introduction of females allowed nest construction 
and commencement of calling activity before females 
were present, which would be consistent with the tim-
ing of these events in the wild. This also allowed the 
females to be fed more intensively in smaller terraria 
while their eggs were developing. Introducing the sexes 
once the eggs were developed, and the males were call-
ing strongly, appeared to initiate almost immediate re-
productive behavior in the captive P. corroboree.

Size and age at reproduction may have dictated the 
level of breeding success. Under wild conditions, age to 
first reproduction in males is typically four years, with 
a small proportion reaching sexual maturity at three 
years (Hunter 2000). It is suspected females may take 
four to five years. This species may live in the wild to at 
least nine years (Hunter 2000). Although frogs reached 
maturity in the zoos at a similar age, reproductive suc-
cess was greatly reduced in younger frogs. At TZ, frogs 
at five years of age or below had limited breeding suc-
cess, with significantly fewer males calling and females 
laying eggs. From six years of age onwards, breeding 
success greatly increased. Size was also important as 
females at TZ below 2.5 grams did not produce eggs, 
and successful spawning was higher in females over 
three grams. At MZ, females also began to mature at 
four years of age, with many requiring a further one to 
two years before reproducing (based on egg numbers 
and survival to hatching). Males at MZ appeared to at-
tain maximum breeding success at seven years of age.

At MZ, it is possible that some females showed ei-
ther egg-partitioning or double-clutching from the 2009 
season onwards. The strongest indication of this was in 
2012 when a maximum of 14 females were present (12 
known females and two additional unsexed frogs) and 
eggs were laid in 17 whole, or partial, clutches. The 

large number of eggs per female is also consistent with 
this possibility as there was an average 39.7 eggs per 
female if all 14 females laid eggs. Under natural con-
ditions, a female typically lays 16–38 eggs (Pengilley 
1973).

Although double-clutching is not likely in the wild, 
it could possibly occur in captivity due to the availabil-
ity of resources. Double clutching has been recorded 
previously in a captive Pseudophryne australis, though 
this species breeds continuously throughout the year 
after rainfall (Thumm and Mahony 2002), rather than 
seasonally in P. corroboree. It is also possible that fe-
males demonstrated as polyandry, laying eggs in more 
than one nest. Sequential polyandry has been described 
in another frog from this genus, P. bibroni, with females 
partitioning their eggs between the nests of up to eight 
males (Byrne and Keogh 2009). In this scenario, the 
large average clutch size could be explained by the 
above average mass of females allowing for greater 
reproductive investment resulting in larger clutches 
(Wells 2007; Jorgensen 1992; Kaplan 1987). Breed-
ing females at MZ were much larger than wild females, 
with those producing larger clutches weighing signifi-
cantly more than wild frogs.

Egg/Embryo Mortality

High mortality of captive-laid eggs and embryos has 
been a significant problem in this program (>65 % 
mortality at MZ between 2006 and 2011; 72 % at TZ 
in 2010). The high egg mortality seems to have been 
mostly resolved over the last two years, though the 
reasons for this are not fully understood. In the wild, 
excluding during drought, early embryo mortality is 
quite low at less than 15% (Pengilley 1992; Hunter et 
al. 1999). Moisture and pH characteristics of nests in 
captivity closely resembled those in the wild, and al-
though nest temperatures in captivity at MZ often ex-
ceeded those in the wild, this was not the case at TZ in 
2010. The fact that the same TZ breeding tank assem-
blages in which there was high egg/embryo mortality 
in 2010 (72%) experienced only 17% mortality in the 
following season suggests that nest substrate was not 
the cause of earlier mortality. Temperature may have 
influenced embryo mortality at MZ prior to 2012, as 
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nest temperatures were frequently higher than those ex-
perienced in the wild. Maintaining eggs at temperatures 
higher than the optimum range has been demonstrated 
to cause embryo mortality in anurans (Goncharov et al. 
1989), including other species of Pseudophryne (Sey-
mour et al. 1991).

Other possibilities considered were the husbandry of 
embryos once removed from the nest and inadequate 
nutrition of females which might result in eggs with 
smaller yolk supplies, or other causes of inviability. It is 
noteworthy that during 2008 and 2009, approximately 
2,600 wild-laid embryos at various stages of develop-
ment were collected and reared at TZ for three months 
before return to the wild. Under conditions identical 
to those used for captive-laid embryos, mortality was 
only 11%, suggesting that husbandry of the eggs post-
removal from the nest was not a contributing factor. 
Small trials were carried out at TZ in 2011 to test for the 
effect of diet and supplementation on embryo mortal-
ity. Due to the subsequent low egg mortality across all 
treatments, the results were inconclusive, and thus the 
factors responsible for the high egg/embryo mortality 
in the early years of the program remain unclear.

Larval Mortality

Tadpoles produced by the breeding program at MZ 
between 2006 and 2009 showed reduced vigour, high 
mortality, and produced smaller frogs at metamorpho-
sis. Two factors may have contributed to this outcome. 
The first is that high water temperatures caused the lar-
val period to be reduced to two to three months and 
there was no simulated overwinter cooling period. Cur-
rent practice with inclusion of an overwintering interval 
has increased the larval life-span to six to nine months 
at MZ, or five to six months at TZ, approximating the 
wild larval duration. It seems likely that a larval dura-
tion of at least 140 days may be important for develop-
ment of robust larvae and metamorph frogs, and high 
rates of metamorphosis.

The other significant factor was probably larval nu-
trition. From the 2010 season onwards, heat-treated silt 
from a Kosciuszko NP breeding site was added to the 
rearing tanks, and there was an immediate increase in 
larval viability from that year. The likely importance of 
both factors are supported by results at TZ from 2007 to 
2011, where tadpoles have always undergone an over-

winter cooling period and have had access to natural 
silt, as well as endive and fish flake. This resulted in 
86% survival of larvae to metamorphosis at TZ during 
this period and high survivorship of metamorphs.

Conclusion

In view of its continued decline toward extinction, the 
survival of P. corroboree depends on the success of ex 
situ conservation measures. The development of suc-
cessful captive-breeding protocols for this species has 
allowed the ex situ program to begin to offer in situ 
support, with the return of 738 (TZ) and 322 (MZ) 
captive-bred embryos to the wild between 2010 and 
2012 (Hunter et al. 2010). Since the bulk of the captive 
population is now made up of immature frogs, the rate 
of production of embryos can be expected to rise over 
the next few years, ensuring the continued viability of 
the captive breeding population and greater capacity to 
undertake reintroductions back to the wild.

The more general lesson to be drawn from this pro-
gram is that the development of reliable captive-breed-
ing programs for species whose life history is unusual 
and/or not well known may invariably be both slow and 
highly demanding of skills and resources. It needs to be 
recognized that appropriate husbandry skills and breed-
ing protocols should be in place before wild populations 
are reduced to critically low levels. The Sharp-snouted 
Day Frog (Taudactylus acutirostris) is a prime example 
of this: the delayed approval from the state government 
agency to establish a captive colony prior to population 
crashes and the combination of chytrid fungus infection 
(not recognized before 1998) and lack of experience 
in the appropriate husbandry of this genus led to the 
failure of a last-minute attempt to establish a captive 
population in 1993, and the species is now presumed 
extinct (Banks and McCracken 2002; Schloegel et al. 
2005). Gagliardo et al. (2008) and Mendelson (2011) 
provide discussions of comparable instances of rescue 
operations for Critically Endangered amphibians in 
Central America. Thus, the development of husbandry 
protocols, for taxa with unusual biology or species in 
early decline, should be a conservation priority for ex 
situ institutions.
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