Reproduction and development of Hylarana nigrovittata

Figure 3. Hylarana nigrovittata: (A) freshly deposited spawn on the water surface, 9 October 2006; (B) developing eggs at Gosner
stage 18/19, 10 October 2006; (C) freshly hatched larvae at Gosner stage 21/22, 11 October 2006, Photos: D. Karbe, Cologne Zoo; (D)
tadpole (18.5 mm) with developing hind legs at Gosner stage 27/28, 28 October 2006, Photo: T. Ziegler, Cologne Zoo.

initial couple into the terrarium at Cologne Zoo. Neither
amplexus nor mating calls had been witnessed or heard
prior to this event. The eggs were deposited on the water
surface in the bank region of the artificial stream. They
were black, measured about 1 mm in diameter and were
enveloped in a transparent jelly sheath. Immediately after
discovery, the strongly glutinous eggs were transferred to
an aquarium (120 X 44 x 26 cm) with a substrate of sand
for further observation (Fig. 3A). The aquarium had an
external filter attached. Water temperature was 26°C, pH-
value 8.3, total hardness 6-8°dH, carbonate hardness 2-4,
and water conductivity was 320 microsiemens. Two days
after oviposition (10 October), early-stage larval develop-
ment was clearly discernible, with the embryos taking on
the typical larva shape (Fig. 3B). On 11 October tadpoles
hatched, measuring approximately 2-3 mm. Although pre-
dominantly motionless, some first short attempts at swim-
ming were observed (Fig. 3C). Feeding commenced at an
age of ten days (18 October). In the beginning, the tadpoles
were fed dry staple fish food three to four times daily. To
maintain water parameters and hygienic conditions, half of
the water volume was exchanged daily. Additionally, faecal
matter and food remains were siphoned off every day. After
24 days (1 November), the larvae were also fed particles of
bovine heart, dead house crickets and fish, and even con-
sumed perished sibling larvae. At this developmental stage,
some larvae had already developed protruding hind limbs
(Fig. 3D). On day 27 (4 November), ten larvae were ran-
domly chosen to be measured. Their sizes ranged from 2.2
to 2.8 mm. Thirty-three days after oviposition (10 Novem-
ber), the larvae that had distinctly developed hind limbs

were taken out and transferred to two aquaria (120 x 44 X
26 cm); after 18 days, having reached an age of 51 days (28
November), forelimbs began to develop. From day 54 on
(1 December), we began to transfer froglets to a terrarium
(145 x 60 x 56 cm) that sported land and water sections,
interconnected by foam mats to ease leaving the water for
land. At the age of 56 days (3 December), approximately
80% of the froglets had entered the land section of the ter-
rarium. The last froglet left the water 71 days after ovipo-
sition (18 December). In 2006, further oviposition events
were observed on 6 and 18 November.

Second reproduction phase (2007-2008)

In 2007, we observed further instances of oviposition, pre-
dominately after phases of increased misting and the sub-
sequent rise of the stream water level. In winter of 2007,
reproduction was again investigated within the framework
of the senior author’s bachelor thesis at Cologne University.
Characteristic traits of different developmental stages were
documented and on regular occasions, five randomly cho-
sen larvae were measured to document their growth (see
Figs. 4-5, Tables 1-2). Oviposition took place on 12 No-
vember. Eggs were again transferred to a separate aquar-
ium. Conditions were the same as reported for the year
2006, with the exception that water temperatures were no-
tably lower (22°C + 1°C). In addition, aquatic plants were
now used as interior outfitting. Three days after oviposi-
tion, on 15 November 2007, the jelly sheath started dissolv-
ing and larval development was distinctly discernible (Fig.
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Figure 4. Hylarana nigrovittata: (A) egg at GOSNER stage 13/14; (B) and (C) the embryo begins to develop larval traits, GOSNER stage
18/19; (D) freshly hatched larvae at GOSNER stage 21/22; (E) and (F) larvae at GOSNER stage 25. Drawings: A. GAWOR, Cologne Zoo.

4B, C). The head and tail regions of the dark grey squirm-
ing larvae (3.9-5.2 mm in total length) were clearly recog-
nisable. Larvae hatched between four and five days after
oviposition (Fig. 4D).

The larvae remained predominantly motionless in a
vertical position at this developmental stage. At the age of
eight days, tadpoles attached themselves to the glass panes
of their aquarium or moved to the bottom of the aquarium.
The oral disc was beginning to develop, but the keratodont
row was not yet distinguishable. Between nine and 14 days
after oviposition (21-26 November), a distinct increase in
both tadpole size and activity was observed. In addition,
the previously uniformly coloured body took on a grey-
ish-olive marbled appearance. Distinct movements of the
oral disc were observed in larvae attached to the aquarium
panes during algae grazing. At this stage, the spiracle was
clearly discernible on the left side of the body (Figs. 4E, F).

Seventeen days after oviposition, the tadpoles were first
fed fish food (TetraMin), as described for the first repro-
duction phase. Accelerated larval growth was observed,
with the oral disc becoming more prominent and the body
shape taking on an oval form. Between the age of 24 and
40 days, the tail grew distinctly longer and stronger, and
the larvae became darker. After 48 days (29 December)
we transferred the larvae to another aquarium, where the
land and water sections were interconnected by foam mats,
plants and roots. The first metamorphosing tadpoles were

discovered at an age of 56 days (6 January 2008). Hind legs
were fully developed, including toes. Although forelegs
had not yet protruded, they were easily discernible through
the integument (Figs. 5A-C). The body was now elongat-
ed and less transparent, with a dark dorsolateral band vis-
ible on both sides. It is interesting to note that some other
larvae were still in GOsNER developmental stages 35-36 at
that time. The first froglets were discovered on 16 January
on the land section of the aquarium, at the age of 66 days.
In contrast to the adults, the body was uniform brown dor-
solaterally. When approximately 50% of the froglets had
moved onto land, the remaining larvae were still in or be-
low GOSNER stage 42. The last instance of oviposition in
our dark-sided frog couple was observed on 25 May after
an extended phase of increased misting several times daily.

Discussion

Based on our observation, keeping and breeding dark-sid-
ed frogs in captivity is easily accomplished. Oviposition
at the Cologne Zoo took place the whole year round. Re-
production was stimulated by increased misting (intensive
daily spraying versus spraying every three days) combined
with the consequent higher water levels (5 cm versus 2-3
cm) in the artificial stream. The shortest intervals between
two oviposition events were only between two and four
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Figure 5. Larvae of Hylarana nigrovittata at GOSNER stage 41, after GAWOR et al. (2009): (A) oral disc, (B) dorsal view, (C) lateral

view. Drawings: A. GAWOR, Cologne Zoo.

weeks (with a minimum of 12 days between oviposition
events), which suggests a high reproduction rate for this
species. To slow down reproduction, we reduced the wa-
ter level in the aquarium to a minimum and sprayed in-
frequently. However, our couple mated and laid eggs every
2.5-3 months even under these conditions. After finalising
the current research, some of the offspring of Hylarana ni-
grovittata were transferred to other facilities and zoos.
HEYER (1973) reported that under natural conditions,
H. nigrovittata is a dry season breeder. In northern Thai-
land (Chiang Mai), rain and humidity distinctly decrease

in September and October, with the driest period lasting
from December through March. Rain and humidity levels
increase again in April and May. The first instances of ovi-
position in captivity reported here correspond to the dry
season in the natural habitat in northern Thailand. Howev-
er, extensive thunderstorms occur even in the natural dry
season in northern Thailand, which could explain the in-
creased reproduction rate in response to increased misting.
We attribute the cessation of reproduction in our breeding
pair from May 2008 to age, as one of them recently died
with no evidence of disease.

Table 1. Larval development of Hylarana nigrovittata at the Cologne Zoo from oviposition to GOSNER stage 25; water temperature

=22+1°C.

Date Day Stages a) Min.-max. (mean TL * standard deviation); n = 5 larvae
b) Characteristic traits

12. Nov. 07 1 a) egg diameter ca. 1 mm
b) eggs black; on water surface, with transparent egg integument, strongly glutinous

15. Nov. 07 4 20  a)3.98-520 (4.69+0.47) mm
b) body assumes larval shape, with head region set off from tail region; larvae uniform dark grey; egg
integument dissolves

17. Nov. 07 6  21-22 a) 6.80-7.00 (6.96+0.09) mm
b) larvae hatched from jelly envelope; body of tadpole dark grey with light-coloured belly, tail grey with
transparent upper and lower tail fin; laterally positioned eyes; external gills visible (Fig. 4D)

19. Nov. 07 8 24 a)7.50-9.00 (8.32+0.66)

b) body of tadpole in dorsal view grey; operculum closed on right side, external gills still visible on
the left side of the body; body semitransparent in ventral view; oral disc anteroventrally positioned,
with developing upper and lower jaw sheath; mouth with few papillae; heart beat and intestinal coils

visible through integument

21. Nov. 07 10 25 a) 8.50-10.00 (9.00+0.61)

b) body oval shaped in dorsal view, whitish to yellowish, covered with grey to olive-green pigments;
spiracle positioned laterally (sinistrally); eyes positioned and orientated dorsolaterally; oral disc with
black upper and lower jaw sheath, keratinised tooth rows developing (Fig. 4E, F)

23. Nov. 07 12 25 a) 8.50-10.10 (9.72+0.92)

b) larvae still at stage 25, but body pigmented more densely dorsolaterally; tail musculature whitish
and slightly pigmented; upper and lower tail fin transparent and without pigmentation; tail generally

thin and fine

26. Nov. 07 15 a) 8.50-14.50 (11.59+1.72)

b) growing larvae; body heavily pigmented dorsolaterally

28. Nov. 07 17 25
30. Nov. 07 19
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Table 2. Larval development of Hylarana nigrovittata at the Cologne Zoo from GOSNER stage 26 to the completion of metamorphosis;

water temperature = 22+1°C.

Date Day Stages a) Min.-max. (mean TL * standard deviation); n = 5 larvae
b) Characteristic traits

3. Dec. 07 22 25-26 a) 13.00-16.00 (14.30+1.40)
b) appearance of hind limb buds

5. Dec. 07 24 28-29 a) 16.00-17.00 (16.45+0.45)
b) growth and development of hind limb buds; body of tadpole still transparent in ventral view, slight
pigmentation starting in the region of the throat and chest; oral disc with papillae

7. Dec. 07 26 27-29 a) 15.75-18.00 (17.30+0.96)

10. Dec. 07 29 29-30 a) 16.50-19.00 (18.30+1.10)

27. Dec. 07 46 34-35 a) 24.25-28.00 (25.95+1.89)

29. Dec. 07 48 34-36 a) 22.75-32.00 (26.30+3.48)
b) growth of hind limbs, which begin to show slight pigmentation dorsolaterally; tail musculature
well-developed at the base

6. Jan. 08 56 39-41 a) 19.50-32.00 (28.50+5.21)

b) hind limbs well developed (with single toes discernible); forelimbs visible through skin; a dark
lateral band develops on both sides of the body, stretching from snout tip to shortly before hind limbs

(Fig. 5B,C)

10. Jan. 08 60 >41-42 a) 25.00-33.25 (29.45£3.73)

b) body elongated, frog shape becomes discernible; reduction of spiracle

12. Jan. 08 62 >42 a) 18.00-34.50 (27.20£6.15)

b) forelimbs emerging

16. Jan. 08

b) first froglets enter land (sit on plants and roots); some of them still with larval tail

Larval development was rapid up to stage 25, followed
by increased growth. Stages 25-26 (Fig. 6) were the long-
est stages. We further observed that development rate was
dependent on water temperature. The first cases of meta-
morphosis occurred after 54 days at a water temperature of
26°C, and the second at a lower water temperature (22°C)
nearly two weeks later, after 66 days. In general, the time
from oviposition to the completion of metamorphosis was
2-2.5 months. However, even at constant water tempera-
tures, there were considerable differences in individual de-
velopmental times. For example, in winter 2006, leaving
the water for land took place between 54 and 71 days, with
most of the tadpoles having metamorphosed after 56 days.
This may have been due to the availability of food and oth-
er resources, and influenced by intraspecific competition
amongst the tadpoles. However, it might also provide for
a continuous supply of freshly metamorphosed froglets to
the environment under natural conditions. Although no
live cannibalism among larvae was observed, dead larvae
were fed upon.

Outlook

STUART et al. (2004, 2008) revealed that about one third of
all amphibians were threatened (to different degrees) on
a worldwide scale. Presently, more than 6,700 amphibian
species are recognised and new species descriptions follow
on a regular basis. Unfortunately, for both the latter spe-
cies and approximately one fourth of the globally known
amphibians, i.e., about 1,500 species, natural history data

and information about their threat status is deficient. To
better understand and thus strengthen our ability to pro-
tect barely known and threatened amphibian species, it is
essential to invest in amphibian research, both in and ex
situ. Further research on the ecology of the adult and the
often neglected larval stages is fundamental, both within
the natural environment and in holdings in zoological gar-
dens. Only with a strong knowledge base of the ecological
processes behind reproduction will we be able to protect
amphibian species.

Hylarana nigrovittata is, to our knowledge, not cur-
rently listed in any threat category. However, GAWOR et al.
(2009) recently suggested that this name might actually re-
fer to a species complex, probably consisting of a number
of different species (e.g., MATSUI et al. 2001, OHLER et al.
2002). Future research must confirm the existence of the
so far overlooked cryptic taxa and provide names. It can-
not be excluded - due to limited population sizes or geo-
graphically isolated occurrences - that particular popula-
tions or taxa within this complex are deserving of conser-
vation measures. Further research within the taxonomical-
ly poorly understood H. nigrovittata complex is therefore
crucial.

With this breeding report we hope to further the under-
standing of the dark-sided frog complex. To date, no other
keeping and breeding reports are available for H. nigrovit-
tata. We encourage other facilities to start or continue with
the breeding of threatened or only poorly known amphibi-
an species, in order to advance our collective knowledge
and increase our ability to protect such species. Further
natural history studies and breeding reports will substan-
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Figure 6. Total larval length of Hylarana nigrovittata in relation to different developmental stages after GOSNER (1960).

tially add to a better understanding of the most endangered
group of vertebrates, the amphibians, and is a vital prere-
quisite for appropriate in and ex situ conservation meas-
ures (i.e., maintaining reserve populations in captivity).
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