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veterinarian from the San Diego Zoo Institute for Conser-
vation Research, but no cause of death could be identified.

Health issues included a possible bacterial infection, ab-
normal pigmentation, rectal prolapse, rostral abrasions,
ocular discolouration, and physical trauma sustained from
contact with items within the terrarium. All these frogs re-
covered within 1-4 months while kept isolated in separate
terraria without treatment other than a topical triple anti-
biotic ointment used to treat rostral abrasions and a sug-
ar-water solution applied to individuals that had suffered
a rectal prolapse. We also observed on several occasions
that individual frogs became stuck between the drainage
slots of the net-style plant pots we used in terraria, however
these individuals fully recovered after having been careful-
ly dislodged by hand.

Breeding behaviour

We observed oviposition events on numerous occasions. In
general, we observed multiple males in a terrarium court-
ing a gravid female one to two days prior to oviposition.
Courting involved vocalization (often while in contact with
the female), stroking the female with the forearms, grasp-
ing the female around the head in a manner that resembled
cephalic amplexus, and sitting on the head of the female
while rubbing the femoral glands on her head or dorsum.
Oviposition took place most often during the morning in
hidden locations, and when observed did not involve an
amplectant hold, but rather one or more males in contact
with a female but without grasping or holding on to her.

On 8 December 2013, at approximately 10:00 a.m.,
two of us (SSS & ET) captured a spawning event on vid-
eo (Fig. 9). The individuals observed were representatives
of the F, generation. The main stages of the process were
recorded as follows: two males were discovered sitting on
top of a gravid female in a plant pot with their hind legs
splayed and extended outwards. Their femoral glands were
noted to be in direct contact with the dorsum of the female.
After retrieving the camera and returning to the terrarium,
the female began depositing eggs. One male vocalized in-
termittently, and its abdomen and limbs pulsated up and
down on top of the female at a rate of slightly less than
one pulse per second. After 15 minutes, the male that pul-
sated and vocalized shifted his position so that its vent was
aligned with that of the female and at this point appeared to
fertilize the eggs, while the other male remained immobile
facing to one side. At 19 minutes, the female changed posi-
tion and moved out from under the males while continu-
ing to expel eggs. Both males remained positioned over the
eggs with their legs splayed. At 23 minutes, the male that
had not vocalized or moved changed position and came
in contact with the female again, and one minute later, the
other male left. At 25 minutes, the remaining male moved
away, no longer touching the female, but continuing to stay
in the plant pot, nosing the gravel, eggs, and moss with
his head for another 4 minutes, and digging several small
holes before finally leaving. The female appeared to deposit
several more eggs without either male present and finished
completely by timestamp 36 minutes. She then sat at the
edge of the plant pot and used her hind legs to wipe the
sides of her body, exiting the pot at 41 minutes.

Figure 8. Individuals from the F, generation aged between 11 and 13 months after completing metamorphosis with uniform orange-

red adult colouration, shown here feeding on collembolans.
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Discussion

Mantella aurantiaca has been kept and propagated in cap-
tivity since at least the mid 1960’s and early 1970’s (AuDy
1973, MUDRACK 1974, OOSTVEEN 1978). Most of these pub-
lished accounts, however, are based on single breeding
events or from a single group of animals. While the species
has been maintained by numerous zoological institutions
throughout the world since then, quantitative data from
these experiences are missing or have largely remained un-
published.

Having quantitative information on fecundity, survi-
vorship, age at sexual maturity, and other basic life history
traits are crucial to being able to accurately assess the ex-
tinction risk of a species or develop models that may reveal

insights into its population ecology. In the case of M. au-
rantiaca, it could be useful to explore the effects of col-
lection for the international pet trade more thoroughly or
assess the potential impact of emerging infectious diseases
with such models.

From our results, in terms of captive management, we
can identify the importance of temperature and seasonal
variation for reproduction. Other authors have also ob-
served the significance of providing an extended cool pe-
riod for captive-kept Mantella species (GAGLIARDO 2009,
STANISZEWSKI 2001). These benefits were maximised by
running the breeding programme within the native range
of the species so that the frogs were exposed to natural cli-
mate variation throughout the year without supplemental
heating or cooling.

Figure 9. Snapshots taken from the breeding event recorded on video on 8 December 2013, illustrating details of mating behaviour.
Note that the egg clutch visible in the background to the right in some of the images was laid the previous day by a different female.
A) 0 min. 0 sec. - Two males are perched on top of a gravid female with their legs splayed and femoral glands in contact with her dor-
sum; B) 1 min. 48 sec. - Male 1 (on the left) pulsates his femoral glands against the dorsum of the female at a rate of around 1 pulse/
sec; C) 6 min. 14 sec. — The female expels eggs while male 1 continues sporadic ‘pulsating’; D) 16 min. 13 sec. - Male 1 has shifted
his position and is now positioned directly over the eggs, parallel to the female but facing in the opposite direction, and appears to be
fertilizing the eggs; E) 22 min. 39 sec. — Male 1 has moved off of the female and resumed a normal position while male 2 continues to
keep his femoral glands in contact with the female; F) 24 min. 23 sec. - Male 1 exits the pot while male 2 begins digging in the substrate
surrounding the eggs; G) 28 min. 28 sec. - Male 2 investigates the site and digs next to the eggs before leaving the female; H) 32 min.
53 sec. — The female appears to lay several more eggs and rubs her hind limbs over and under her flanks; I) 39 min. 39 sec. - The female
continues to sit near her egg clutch, occasionally flicking her hind limbs over and under her body before exiting the pot at 41 min. 05 sec.
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Our observations of mating behaviour confirmed the
lack of a traditional amplexus, as has been noted for all rep-
resentatives of the subfamily Mantellinae (GLAW & VENCES
2007). However, we noticed that males stayed in contact
with the female for a period of time while mating even if
they would not grasp her. The possible role of pheromonal
communication, as noted in the mantellid Mantidactylus
betsileanus by POTH et al. (2012), during courting and mat-
ing in M. aurantiaca would be interesting to investigate, as
clearly the pulsating and rubbing of their femoral glands by
mating males on the dorsum of the female plays a promi-
nent role in this species’ reproduction.

With continued habitat loss threatening the species, re-
storing and creating additional breeding sites is a neces-
sary conservation option. With regard to the outlook of
the breeding programme, it is important that project stake-
holders collaboratively conduct in a timely matter a risk
assessment regarding reintroduction to determine wheth-
er to release captive stock at created sites. In hindsight, it
would have been advantageous if this had been done be-
fore starting the breeding programme and we recommend
that future organisations considering establishing a surviv-
al assurance colony do this in advance of collecting found-
er stock, if at all possible.

Lastly, the success of this breeding programme in the
range country of the species must be pointed out. While
there have been discussions regarding developing infra-
structure and the capacity to implement captive breeding
programmes within Madagascar (ANDREONE et al. 2006,
FURRER 2008, MENDELSON III & MOORE 2008), there con-
tinues to be a push within the international zoo commu-
nity to export species for husbandry research or survival
assurance colony purposes. This is not only sometimes un-
necessary, but may even be wasteful, because the potential
resources currently used to establish breeding programmes
at zoos abroad would in fact go much farther in Madagas-
car. With a dedicated team of individuals and long-term
financial support, we believe it would be possible to rep-
licate our experience with M. aurantiaca in Madagascar
with species assessed as in need of ex situ conservation ac-
tion. On that note, we hope to see the outlook towards am-
phibian breeding programmes with Malagasy amphibian
species shift away from exportation and towards building
capacity in-country.
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