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We examined the breeding habitat, oviposition site and timing of breeding in Leptolalax khasiorum at its type lo-

cality at Mawphlang, Meghalaya State, north-eastern India. Surveys were conducted along a stream within a frag-

mented patch of forest for adults, tadpoles, eggs and nesting sites, with data collected monthly between January

2009 and December 2011. The species starts emerging from wintering microhabitats with the onset of the

premonsoonal showers in February. Breeding activity (specifically, deposited eggs) was observed for a few weeks

after emergence and lasted a few weeks between early March and April. Adults were found under rocks along the

stream banks. Eggs are deposited on the underside of rocks that are flatly embedded on the gravel and over leafy

bottom of the dry stream bed. The eggs of Leptolalax khasiorum are cream-colored, lacking an animal pole, and

covered with a transparent jelly, showing adaptations for terrestrial development in sheltered microhabitats via

avoidance of moisture loss and damage of eggs from solar radiation. In producing eggs out of water, showing

free-swimming tadpoles, the reproductive mode can be classified as Mode 18, a first for a member of the genus

Leptolalax. It is arguably the first report of terrestrial reproduction and parental care for a member of the family

Megophryidae. Placement of eggs outside of water may coincide with low water levels of early spring, advantages

of choice of timing being reduced competition for egg-laying sites and food for the larval and postlarval stages.
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Sympatric anuran amphibian species may differ

in habitat use for breeding, calling site, annual reproduc-

tive period, daily period of calling activity and acoustic

features of advertisement call, which are interpreted as

important isolating mechanisms (Wells, 1977; Haddad

et al., 1990). Anuran amphibians are vulnerable to desic-

cation, at least in one phase of three- egg, tadpole, or

postmetamorphic stages and are therefore dependent on

water and�or atmospheric humidity for their activities

especially for reproduction. The selection of oviposition

sites by frogs can directly influence larval development

(Resetarits and Wilbur, 1989), largely influences the dis-

tribution of tadpoles (Alford, 1999; Evans et al., 1996),

and can be of critical importance for the reproductive

success of organisms lacking parental care (Murphy,

2003). Selection of breeding sites in response to abiotic

factors, such as pond depth, water temperature, water

transparency, pH, density and surrounding vegetation

cover, permanency and vegetation cover and biotic fac-

tors, such as the presence of predators and competitors,

has been frequently documented (Crump, 1991; Evans et

al., 1996; Blaustein, 1999; Skelly, 2001; Hazell et al.,

2003; Goldberg et al., 2006). Many workers have identi-

fied rainfall as the primary extrinsic factor affecting the

time of the breeding activity for most tropical and sub-

tropical anuran species (Haddad and Sazima, 1992;

Duellman and Trueb, 1994). Many hylid species have

been documented to depend on rain to reproduce (Wiest,

1982; Aichinger, 1987). Most Neotropical species show

association between the wet season and prolonged repro-

duction during the year (Pombal, 1997) while many can

reproduce more than once during the breeding season

(Wells, 1977; Telford and Dyson, 1990). Species exhibit-

ing breeding seasonality have been described to display

two basic patterns: (1) tropical species capable of breed-

ing throughout the year; where rainfall is the major ex-

trinsic factor controlling reproduction; and (2) temperate

species with seasonal breeding activity that is dependent

on a combination of temperature and rainfall (Duellman

and Trueb, 1986; Bertoluci and Rodrigues, 2002).
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Our earlier publication briefly describes the site of

collection and habitat of Leptolalax khasiorum (Das et

al., 2010). Recent studies on Leptolalax concentrate on

species descriptions (Rowley and Trung, 2009, Sengupta

et al., 2010, Ohler et al., 2011, Rowley et al., 2010,

Dehling, 2012), and there appears to be a scarcity of pub-

lications on the reproductive biology of frogs of this

genus (an exception being Inger 1985, whose larval in-

ventory included L. gracilis from Sarawak, Borneo, and

Malkmus and Kosuch, 1999, which describes larval

habits, but not egg-laying sites, of L. arayai in Sabah,

Borneo). However, no investigation on the oviposition

sites of any species appears to have been published, the

aforementioned studies referring to larval descriptions

and their associated microhabitats; eggs or egg clutches

of the genus has, to the best of our knowledge, have never

been described, apart from brief mention of clutch size

(Das, 2007) or lack of pigmentation (Das et al., 2010).

Our study involves the documenting of the breeding hab-

itats and oviposition site of Leptolalax khasiorum. The

objective was to investigate the characteristics of the

breeding habitat and other factors that can help us under-

stand their breeding behavior.

MATERIAL AND METHODS

We conducted weekly surveys for amphibians

along a submontane forest stream in Mawphlang

(25°26�80.8�� N 91°44�99.8�� E, alt. 1813 m a.s.l.; datum

wgs-84), East Khasi Hills District, Meghalaya State,
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Fig. 1. Map of north-eastern India (inset) and of Meghalaya State,

showing the location of Mawphlang.

Fig. 2. The sacred forest of Mawphlang, seen from the edge of Mawphlang village, East Khasi Hills, Meghalaya State, north-eastern India.



north-east India (Figs. 1 and 2), between the years

2009 – 2012. Geographical coordinates were taken with

a Garmin™ 12XL GPS. Field sampling was carried out

during afternoon to early evening hours (13:00 – 17:00),

along ~100 – 150 m length of stream. Water bodies were

deep-netted for tadpoles; searches were conducted on

banks and dried-up stream bed for presence of egg

masses, metamorphs and adults. After confirming identi-

fication and retaining voucher specimens for other

studies (RNLk01), frogs were released back at the point

of capture. Since larval sampling effort differed between

months, abundance values are not presented here. How-

ever, data presented here document larval phenology, as

well as local weather conditions. These data have been

coded as present�absent during a particular period of

sampling. We used visual and acoustic encounter surveys

to evaluate the presence or absence of Leptolalax khasio-

rum (Fig. 3), a mid-sized megophryid frog, adult males

of which show an SVL range of 24.5 – 27.3 (mean

25.6 ± 0.6 SE) mm, while adult females are 31.2 – 33.4

(mean 32.5 ± 0.7 SE) mm (Das et al., 2010). The stream

(Fig. 4) examined originated near the forest edges, and

consequently, fieldwork was carried out following it

downstream. During the day, we searched for newly-laid

egg clutches and for adults by lifting rocks along the
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Fig. 3. Adult Leptolalax khasiorum, an endemic of the Mawphlang

sacred forest, Meghalaya State, north-eastern India.

Fig. 4. Breeding habitat of Leptolalax khasiorum along an unnamed stream flowing through the Mawphlang forest, Meghalaya, north-eastern

India.



stream bed and close to stream banks. Eggs and tadpoles

were brought back to the lab and matched to parent spe-

cies through rearing to metamorphosis. Measurements of

eggs were taken using a Mitutoyo™ dial caliper under a

Leica™ ES2 binocular microscope at 10× magnification.

Habitat variables, including air temperature, water tem-

perature and humidity, were recorded (Table 1). The air

temperature and percent relative humidity in the field

was measured by using a thermo-hygrometer and water

temperature was recorded with a mercury bulb thermom-

eter. pH was measured using a waterproof digital pH

tester (pH Tester 10, Oakton, Eutech Instruments). Eco-

logical parameters like air temperature, humidity and

rainfall were also compared to figures measured at

the Department of Public Health Engineering (PHE),

Mawphlang.
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TABLE 1. Environmental Data Recorded at the Breeding Site of Leptolalax khasiorum at Mawphlang, Meghalaya State, North-Eastern India, for

2009 – 2011

Month

Average air temperature, °C Average water temperature, °C Average monthly

rainfall, mm

Relative humidity, %

max min max min morning evening

2009

January 15.1 0.1 12.0 8.2 0 62 60

February 18.4 2.5 15.2 10.1 0 51 48

March 21.0 5.6 18.3 14.0 172 48 48

April 23.0 10.8 20.5 15.5 433 68 59

May 22.7 12.7 19.4 15.0 660 74 68

June 23.6 14.6 21.0 19.0 721 79 78

July 23.3 16.4 20.5 17.0 463 85 85

August 22.9 15.8 20.1 16.5 1126 85 88

September 23.4 14.2 20.3 16.0 431 82 82

October 22.1 9.7 19.3 14.5 506 70 67

November 19.2 4.5 15.7 9.0 0 62 57

December 14.3 0.3 10.9 7.5 0 65 70

2010

January 16.4 –2.2 13.2 7.0 0 47 46

February 16.3 1.7 13.3 9.5 22 52 49

March 22.2 7.7 19.4 16.5 184 56 51

April 22.9 12.6 19.7 17.0 303 70 62

May 23.0 13.8 20.0 18.0 595 75 71

June 22.6 15.6 19.5 17.0 1171 85 82

July 23.3 16.1 20.2 19.0 862 86 85

August 23.3 15.7 20.4 18.5 1232 85 83

September 22.9 14.5 19.8 15.5 386 83 82

October 21.3 10.8 18.4 12.5 342 75 73

November 18.3 4.5 15.5 9.5 98 63 61

December 16.0 –0.4 11.9 8.1 11 53 52

2011

January 14.2 –2.3 10.8 7.5 11 50 46

February 17.2 1.4 14.3 9.0 4 70 48

March 20.1 7.3 16.8 10.2 502 57 53

April 20.8 9.8 17.6 10.0 372 64 66

May 22.1 12.5 18.8 13.0 567 77 80

June 22.7 15.4 19.8 15.5 834 95 85

July 23.3 15.6 20.1 18.5 527 90 89

August 22.8 15.1 19.5 16.0 871 89 87

September 23.5 14.3 20.0 14.3 707 83 80

October 21.8 9.1 18.4 10.5 212 71 67

November 18.4 2.7 15.1 10.0 58 58 48

December 15.2 0.4 11.9 8.2 0 58 52



OBSERVATIONS

Adults of Leptolalax khasiorum started emerging

from early February onwards, before the first (premon-

soonal) showers (Table 2). Adults were seen throughout

the months of March and April. The emergence pattern of

this species has been recorded to be synchronous with the

onset of the first shower of rainfall for the year. L. khasio-

rum appears to respond more to weather cues for their

emergence and breeding, rather than to seasonal cues.

They are encountered underneath flat stones embedded

on the stream bed. The adults were rarely seen on the sur-

face of rocks or calling on the outside by day.

Amplexus in this species was not observed. Adult

males were found near egg mass for a day or two after

egg-deposition, which is here taken as evidence of nest

attendance by the male parent. Clutches of eggs were laid
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TABLE 2. Ecological Parameters of Study Site and Presence�Absence of Adults, Eggs, and Tadpoles of Leptolalax khasiorum

Date
Time

of visit

Observations

Sky condition�rainfall

Ecological parameters

Adults

sighted
Eggs TadpoleTemperature Water

pH

Humidity,

%
DO

air water

12 March 2009 15:00 Light clouds�no rain – – – – – + – +

28 March 2009 14:00 Cloudy with light rain 18.0 11.0 – 70 – + – +

4 April 2009 14:00 Clear sky�no rain 20.0 16.0 – 75 – + + +

18 April 2009 15:00 Light clouds�no rain 22.6 19.1 – 85 – + – +

6 May 2009 15:00 Clear sky�no rain 23.0 18.0 – 80 – – – +

23 May 2009 14:00 Cloudy�no rain 24.0 19.2 – 75 – – – +

21 February 2010 14:00 Clear sky�no rain 15.2 12.2 7.8 65 – + – –

4 March 2010 13:00 Light clouds�no rain 19.3 14.5 6.4 75 – + + –

12March 2010 14:00 Light clouds�no rain 23.5 18.3 6.5 65 – + – –

24 March 2010 15:30 Clear sky�no rain 24.1 19.0 6.8 80 – + – +

3 April 2010 13:00 Light clouds�no rain 23.0 19.3 7.3 70 – + – +

14 April 2010 14:00 Cloudy�light rain 24.7 19.2 6.8 90 – + – +

24 April 2010 15:00 Cloudy�no rain 23.5 21.0 6.8 70 – + – +

3 May 2010 14:00 Clear sky�no rain 21.6 20.0 6.7 75 – + – +

8 May 2010 16:00 Light clouds�no rain 22.6 20.1 6.6 75 – – – +

19 May 2010 14:00 Light clouds�light rain 24.2 21.0 6.5 90 – – – +

29 May 2010 15:00 Cloudy�light rain 22.4 19.2 6.7 85 – – – +

9 June 2010 14:00 Clear sky�no rain 25.0 21.2 – 75 – – – +

2 March 2011 14:00 Light clouds�no rain 18.8 16.8 6.6 75 – + – –

9 March 2011 14:00 Light clouds�no rain 21.0 18.5 6.5 80 6.2 + – –

12 March 2011 13:00 Cloudy�no rain 21.6 19.1 6.8 75 – + – +

26 March 2011 15:00 Cloudy�moderate rain 22.0 19.6 6.8 85 6.6 + + +

5 April 2011 15:00 Clear�no rain 21.9 18.4 6.6 70 + – +

10 April 2011 14:00 Cloudy�no rain 23.1 19.3 6.6 65 6.9 + – +

15 April 2011 14:00 Clear sky�no rain 21.4 18.4 6.2 65 – + – +

23 April 2011 15:00 Cloudy�heavy rain 23.2 19.2 6.5 75 7.4 + – +

14 May 2011 15:00 Cloudy�moderate rain 21.0 18.6 6.5 80 – – – +

28 May 2011 14:00 Cloudy�light rain 23.3 18.2 6.3 75 6.6 – – +

22 February 2012 14:00 Clear sky�no rain 15.6 12.6 7.1 65 4.5 + – –

8 March 2012 15:00 Clear sky�No rain 20.0 18.2 6.7 75 6.6 + – –

17 March 2012 14:00 Cloudy�no rain 18.8 16.1 7.4 75 6.7 + – –

7 April 2012 15:00 Light clouds�no rain 18.6 17.0 6.5 80 7.2 + – –

18 April 2012 15:00 Light clouds�light rain 23.1 18.8 7.1 85 9.5 + + +

28 April 2012 14:00 Heavy clouds�No rain 23.7 19.0 6.3 70 7.6 + – +

2 May 2012 14:00 Light clouds�no rain 22.9 18.0 6.7 80 6.7 + – +

19 May 2012 15:00 Light clouds�light rain 23.9 17.6 6.2 95 6.6 – – +

Note. +, Present; –, absent



on the side of, or underside rocks (Fig. 5a). The substra-

tum can be characterized as rock covered, with mud and

sand deposit, topped with leaf litter. At the time of emer-

gence, the area remains dry, except for isolated shallow

pools, with moisture-saturated muddy, sandy soil or wet

leaf matter trapped within rocks. The water level in the

streams remains low in the winter months, almost drying

up except at certain deeper pools formed in depressions

in the rocky stream bottom.

Along portions of the stream, such places can be

found where a small puddle of water remains hidden be-

neath layers of rocks and fallen leaves. The depth of the

water at a puddle buried underneath the rocks and leaves

varies from 2 to 15 cm. The eggs are cream colored, lack-

ing animal poles and adhere by means of a transparent

gelatinous layer (“jelly” or “jelly layers” of Altig and

McDiarmid, 2007; Fig. 5b ). Three clutches (data in

Table 3) included 392 – 432 eggs, mean egg diameter

(n = 30) was 2.2 ± 0.3 mm and mean egg weight 6.6 ±

0.5 mg. Tadpoles emerge 7 – 10 days after deposition in

the laboratory. When water levels are low, the tadpoles

(Fig. 5c) are found in small puddles of water formed in

cavities after lifting rocks. As the rain sets in, water level
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a

b

c

Fig. 5. a, Egg mass of Leptolalax khasiorum under an upturned rock at

Mawphlang, Meghalaya, north-eastern India; b, part of a clutch of

eggs, showing lack of animal pole; c, a late stage larva.

TABLE 3. Clutch Size and Diameter of Eggs of Leptolalax khasiorum

Clutch

number
Clutch size

Eg

diameter, mm

Egg

weight, mg

1 432 1 2.1 4.3

2 2.2 7.1

3 2.2 6.0

4 2.2 5.4

5 2.4 7.6

6 2.1 4.2

7 2.2 9.0

8 2.1 6.3

9 2.2 5.6

10 2.2 6.8

2 392 1 2.3 6.7

2 2.1 5.6

3 2.2 7.0

4 2.1 4.6

5 2.2 6.8

6 2.2 6.9

7 2.1 6.4

8 2.2 6.6

9 2.2 7.2

10 2.1 6.5

3 401 1 2.1 6.0

2 2.7 11.6

3 2.7 6.1

4 2.0 3.5

5 2.1 5.9

6 2.2 6.0

7 2.1 6.4

8 2.5 9.6

9 2.2 8.9

10 2.2 8.0

Note. Average egg diameter (n = 10) was 2.2 ± 0.3 mm and average

egg weight was 6.6 ± 0.5 mg.



rises and the tadpoles are washed with the current and

reach downstream of the breeding site within a few

weeks.

DISCUSSIONS

Selection of egg deposition site in Leptolalax khasio-

rum appears dependent on multiple factors. In previous

studies on breeding habitat selection (Beebee, 1985;

Ancona and Capietti, 1995; Augert and Guyetant, 1995;

Ensabella et al., 2003), a large number of environmental

variables were used to characterize the monitored water

bodies as fully as possible, due to the difficulty of fore-

seeing factors that may influence the selection of a cer-

tain water body as breeding habitat. Earlier studies also

reported that amphibians use water depth or the water-

holding capacity of pools as a criteria for oviposition site

selection (Crump, 1991, Spieler and Linsenmair, 1997,

Rudolf and Rödel, 2005). The presence of amphibian

species in an aquatic habitat depends not only on suitabil-

ity of the aquatic habitat, but also on the suitability of the

surrounding terrestrial environment (Kats et al., 1988).

In species with complex life cycles, it is also important

that the permanency of the breeding habitat exceeds the

total length of the larval period (Edgerly et al., 1998;

Murphy, 2003b; Rudolf and Rödel, 2005). In more

ephemeral habitats, desiccation is often a major source of

larval mortality (Newman, 1988; Smith, 1983). Some

studies have shown that adults can discern future habitat

permanence and make oviposition decisions that mini-

mize the risk to their offspring (Crump, 1991; Rudolf and

Rödel, 2005; Spieler and Linsenmair, 1997). Since breed-

ing habitats may deteriorate in quality over time or dry up

entirely, cues that indicate the likely permanence of a

habitat can also be important to breeding site choice.

Clutches of L. khasiorum are deposited under rocks, and

are pale, unpigmented. Eggs of a number of unrelated

amphibian lineages that are produced at secluded sites

tend to be pale to unpigmented (Altig and McDiarmid,

2007). The same review, however, generalized that early

breeding species of North American ranids produces

darker eggs, to enhance heat absorption, and thereby has-

ten development. In terms of ovipositional sites, clutches

in the study species are semiterrestrial, produced near

free water while not submerged, and the site itself ephe-

meral in that it is part of the drainage during the wet

season.

The clutch size in the species (392 – 432) is rela-

tively small for a frog of this size (mean female SVL

32.5 mm), and at 2.2 mm, relative egg size is large. Com-

parable data for congeners are unavailable, except for the

Bornean L. gracilis, that has been reported to have

clutches of 185 – 194 (Das, 2007). Low clutch size has

been associated with terrestrial reproduction in a recent

review (Van Gomez-Mestre et al., 2012). The proximity

of adult males to egg clutch for a few days is suggestive

of parental care, previously unreported within the family.

In a review of social and environmental influences on

anuran amphibian egg size evolution, Summers et al.

(2007), found a relationship between male parental care,

stream breeding and montane habitats on one hand, and

large egg size on the other.

Salthe (1969), and subsequently, Salthe and Duell-

man (1973) and Duellman and Trueb (1994) used a com-

bination of egg-laying sites and development factors, to

classify amphibian reproduction types into distinct cate-

gories, referred to as reproductive modes. A total of 40

modes are recognized at present (Haddad and Prado,

2005; Gururaja, 2010), although plasticity in reproduc-

tive modes have also been reported (Touchon and War-

kentin, 2008). In producing terrestrial eggs out of water,

that are placed under rocks, exophagous and free-swim-

ming tadpoles, the reproductive mode of Leptolalax kha-

siorum may be appropriately classified as Mode 18, a

first record for the genus and family. Confamilial genera

of the family Megophryidae who reproductive habits are

known (including Leptobrachella, Megophrys, and

Xenophrys), produce eggs in loticwater bodies, and are

consequently allocated to Mode 2. Further, these species

do not show male attendance of clutches.

Leptolalax khasiorum is one of the earliest breeders

of amphibians in the forest stream of Mawphlang. The

forest streams are the only water body found inside the

forest, and all local amphibian species that depend on wa-

ter for breeding utilize the forest streams (the sole excep-

tion is Philautus, known to be a direct-developer; see

Hertwig et al., 2011). Different species utilize sections of

the stream for breeding, and hence a diversity of tadpole

morphotypes may breed at the same time. Breeding ac-

tivities in the species may be initiated by increase in am-

bient atmospheric and water temperatures, as noted in

previous studies (Reading, 1998; Richter-Boix et al.,

2006). Early breeding may be advantageous for anurans.

By completing oviposition early, frogs maximize the

probability that tadpoles will metamorphose before the

pond dries; and because many potential predators are not

active in early spring, larvae of early breeders may grow

large enough to attain a size refuge from predation (e.g.,

Calef, 1973; Heyer et al., 1975). Yet, early breeding is a

risky strategy, as eggs and larvae may be adversely

affected by harsh environmental conditions (Wright,

1914; Wright and Wright, 1949; Licht, 1971).

Amphibian species occurring in sympatry at Maw-

phlang include: Xenophrys oropedion, Hyla danieli,

H. leptoglossa, Philautus sp., Polypedates himalayensis,

Rhacophorus bipunctatus, Hyla arborea, Euphlyctis cya-

nophlyctis, Duttaphrynus melanostictus, Amolops cf.
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gerbillus, Amolops formosus, and Fejervarya senguptai

(Mahony, 2008; Das et al., 2010; Purkayastha and Ma-

tsui, 2010; Mahony et al., 2013). A majority of these

breed during the monsoon months, that extend between

June and September (Tron, personal observation), and

apart from L. khasiorum, only H. danieli breeds during

the spring months (eggs undetected but metamorph emer-

gence period coincides with that of L. khasiorum). Early

breeding thus confers the advantage of reduced competi-

tion for deposition sites of eggs and larval microhabitats,

but may be constrained by lower food availability and

other unfavorable environmental conditions.

The emergence of Leptolalax khasiorum has been

observed to correspond with the onset of the spring rain

in the area (see Table 1). Precipitation has been shown to

be a primary extrinsic factor affecting the time of the

breeding activity for most tropical and subtropical anuran

species (Haddad and Sazima, 1992; Duellman and Trueb,

1994). The synchronization of rainy season and repro-

ductive activity of amphibians (Gallardo, 1974; Cei,

1980) has been interpreted as an adaptive response to

fluctuations in environmental conditions, reducing the

risk of reproductive failure due to desiccation (Goldberg

et al., 2006) and greater abundance of arthropod prey

(Watling and Donnelly, 2002).
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