SALAMANDRA 51(3) | 252-258 | 30 October 2015

ISSN 0036-3375

Correspondence

Tadpole consumption is a direct threat to the endangered purple frog,
Nasikabatrachus sahyadrensis

AsHisH THOMAS & S. D. Biju

Systematics Lab, Department of Environmental Studies, University of Delhi, Delhi 110 007, India

Corresponding author: S. D. Byju, e-mail: sdbijju@es.du.ac.in

Manuscript received: 5 July 2014

Accepted: 30 December 2014 by ALEXANDER KUPFER

Amphibians across the world are suffering alarming popu-
lation declines with nearly one third of the ca 7,300 species
being threatened worldwide (STUART et al. 2008, WAKE &
VREDENBURG 2008, IUCN 2014). Major factors attributed
to the decline include habitat destruction (HOULAHAN et
al. 2000, SoDHI et al. 2008), chemical pollution (BERGER
1998), climate change (ADAMS 1999, CARPENTER & TUR-
NER 2000), diseases (MCCALLUM 2007, CUSHMAN 2006),
and invasive species (BOONE & BRIDGES 2003). The West-
ern Ghats of India, a global hotspot for amphibian diver-
sity and endemism (B1ju 2001, Biju & BossuyT 2003), has
more than 40% of its amphibian fauna threatened with ex-
tinction (IUCN 2014). The major threat to amphibians in
this hotspot is the alteration of natural habitats by an ever-
increasing human population, resulting in large areas be-
ing converted for settlement and agricultural use (Byju et
al. 2008). The problem is exacerbated by the fact that ap-
proximately one third of the 203 amphibian species in this
hotspot are still categorized as Data Deficient, lacking suf-
ficient knowledge about their biology, distribution, popu-
lation structure, population dynamics, and threats faced
(TUCN 2014).

Of late, utilization of frogs for food, traditional medi-
cine, research purposes and the pet trade has also been con-
sidered a major contributor to amphibian declines, along
with threats such as habitat destruction and fungal infec-
tion (BisHOP et al. 2012, CHAN et al. 2014). Recent studies
have shown frog utilization to be one of the major threats
affecting about 280 amphibian species globally, more than
half of which are listed as Vulnerable, Threatened or Crit-
ically Endangered as per the IUCN Red List (MOHNEKE
et al. 2009). Consumption of frogs by humans is a major
form of utilization that can potentially drive even com-
mon species towards extinction (e.g., CARPENTER et al.
2007, WARKENTIN et al. 2008, CHAN et al. 2014). A number
of commonly consumed species in America, Europe, and

Southeast Asia have witnessed drastic population declines
caused by overexploitation over the last couple of decades
(WARKENTIN et al. 2008). Often, natural populations are
harvested without regard of the consequences or implica-
tions of this practice on the dynamics or sustainability of
the exploited populations (GETz & HAIGHT 1989). When
the extent of exploitation is greater than the sustaining ca-
pacity or turnover rate of a species, there is every possi-
bility that the species may become locally extinct, which
would subsequently have drastic ecological implications
in the particular region (DUFFY 2002, WRIGHT et al. 2006,
CARPENTER et al. 2007). Recent evidence also suggests that
the impact of overexploitation of amphibians is greatest on
rare and restricted species, as in the cases of the Lao warty
newt, Paramesotriton laoensis (DD), Kaiser’s spotted newt,
Neurergus kaiseri (CR), and the Chinese giant salaman-
der, Andrias davidianus (CR), all of which are subjected to
commercial exploitation, either for the pet trade or dietary
purposes, leading to their populations declining massively
(LAu et al. 2008).

Nasikabatrachus sahyadrensis (purple frog) is a rare,
unique and endemic frog of the Western Ghats that has
also been considered as a flagship species for amphibian
conservation in this region (B1ju & BossuyT 2003, AGGAR-
WAL 2004). This fossorial species is an explosive seasonal
breeder, which completes its developmental cycle (eggs to
juveniles) in ephemeral streams (ZACHARIAH et al. 2012).
Breeding activities (vocalization and oviposition) take
place during the months of April-May, synchronized with
the onset of pre-monsoon showers (ZACHARIAH et al. 2012,
THOMAS et al. 2013). The tadpoles of this species are found
adhering with their uniquely adapted suctorial mouthparts
to the rocky substrate of fast-flowing to torrential streams
(ZACHARIAH et al. 2012, Raj et al. 2012). The species is list-
ed as Endangered Biab(iii) in the IUCN Red List based on
its restricted distribution range (less than 5,000 km?) and
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lack of adequate information about the threats faced (Byju
2004). Major threats reported to date are indirect factors
that include habitat fragmentation and destruction due
to urbanization, cultivation (Brju 2004), and dam con-
struction (DUTTA et al. 2004, AGGARWAL 2004). However,
measuring the effects of these threats is difficult and would
require long-term monitoring studies to understand their
magnitude and impact (BEEBEE & GRIFFITHS 2005). Ex-
tensive surveys and studies for investigating threats to this
species are lacking as of now and no immediate or direct
threat has been reported.

Here we provide the first report of a direct threat to
Nasikabatrachus sahyadrensis in the form of collection for
human consumption of its tadpoles by tribal or indigenous
communities dwelling in and around forest areas of Kera-
la state. We present a quantitative evaluation of harvesting
in one tribal settlement area during five consecutive years
(2008-2012), discuss the implications of this threat and
suggest possible conservation measures.

The study site, the Nadukani-Moolamattom-Kulamaav
tribal settlement area (09°49’ N, 76°3’ E), is situated on
public land maintained by the Kerala Forest Department
and located approximately 10 km from the type locality
(Double Cutting, Kattapana, Idukki District) of the species
(Byu & BossuyT 2003). The altitudinal range of the area is
between 200-700 m a.s.l. This region experiences south-
west monsoon, with pre-monsoon showers occurring dur-
ing the months of April and May, followed by the monsoon
season that begins towards the end of May or beginning
of June and continues until October. The study area is ad-
jacent to the northwestern border of the Idukki Wildlife
Sanctuary (IWS), near the Kulamaav Dam. There are ap-
proximately 100-150 tribal households in this area.

The study was conducted over a period of five years,
2008-2012. We conducted two types of surveys for this
study, interview surveys and field surveys, during April
to September every year. Interview surveys were informal
and focused on gathering information about various as-
pects such as the history of tadpole harvesting, harvesting
techniques used, method of consumption, and social and
economic importance of the purple frog to the local peo-
ple. During the five-year study period, a total of 50 peo-
ple were interviewed from the entire tribal settlement area.
Each person was interviewed only once and no two people
belonged to the same household (i.e., living in the same
house). Ages of interviewees ranged from 19-75 years.

For the field study, three streams were selected where
tadpole harvesting was known to take place or observed.
We marked a 500 m stretch in each stream, beginning as
close as possible to their respective origins. To estimate the
number of tadpoles present in the streams, a wooden frame
of 1 x 1 m was used. The frame was held flat, close to the
surface of the stream without disturbing the tadpoles cling-
ing to the substrate. In order to reliably detect the tadpoles
in the fast-flowing drainage, a thin wooden slab (1 x 0.2 m)
was held about half a metre upstream of the frame to re-
duce the water flow speed. This measure rendered tadpoles
sufficiently visible, and all those present inside the frame

were counted. Tadpole counts were taken every 10 m along
the entire stretch of the marked area, producing 50 read-
ings for each stream segment. All tadpole counts were tak-
en in the middle of a stream’s main drainage bed, because
tadpole density was observed to be highest in this region.
The total number of tadpoles counted in the quadrants for
each stream was then multiplied by a factor of 10 to obtain
an estimate of the average number of tadpoles in the mid-
dle of the 500 m marked stretch of the stream. This value
was then rounded to the nearest multiple of 50 for ease of
analysis. During all five sampling years, tadpole census was
conducted during the second week of July, when tadpoles
had attained a considerable size and were relatively easy
to spot in the fast-flowing water. Also, no harvesting was
observed before the fourth week of July during the entire
study period.

To quantify and assess the impact of tadpole harvest-
ing, we constantly kept an eye on any harvesting activity
in the three streams within the area marked for our study,
from June to September (2008-2012). Since the tribal peo-
ple did not engage in harvesting activity at night, our sur-
veys were conducted between 06:00-18:00 h daily. After
every harvesting event by the tribal people, the numbers of
tadpoles captured were counted manually and recorded to
the nearest multiple of 10. Based on a rapid morphological
examination, tadpoles were sorted into three categories ac-
cording to their developmental stages (staging follows AL-
TIG & McDIARMID 1999) and the total number of tadpoles
in each category was recorded. The three categories are;
(a) category1 - stages 26—38, hindlimbs at various stages of
development, (b) category 2 — stages 39—41, hindlimbs well
developed, visible outside the flap of the vent tube, fore-
limb bud visible; and (c) category 3 — stages 42-46, all four
limbs fully developed and visible, tail atrophied to various
levels. The data obtained from the above methods were
used to plot two graphs. First, the annual data of the total
number of tadpoles found in the stream and total tadpoles
harvested between 2008-2012 were plotted on a bar graph.
Second, the monthly harvesting data (April-September,
compiled for five consecutive years) were plotted against
the developmental cycle of Nasikabatrachus sahyadrensis
(ZACHARIAH et al. 2012) on a line graph to assess the im-
pact of harvesting relative to the frog’s larval development.

Our interviews revealed that human consumption of
Nasikabatrachus sahyadrensis tadpoles is an old practice
amongst the local tribal people. Specifically in this area,
consumption has been taking place at least for the last 30-
40 years since the tribal people first settled in this region,
as per information obtained from some of the elders (aged
above 60 years). We also found that these people have con-
siderable knowledge about the life cycle and behaviour of
this species. Tribal people who engage in harvesting these
tadpoles are mainly of the age group of 20-40 years. On av-
erage, a household of four people consumes approximate-
ly 3 kg (~1,500) tadpoles per season. Tadpoles are always
consumed fresh after harvesting and never stored for later
use. The method of processing the tadpoles was found to
be similar in all households that were known to consume
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them. In short, the abdomen of each tadpole is made to
burst by pressing it with the thumb and the coiled gut is
completely removed. Tadpoles are then washed, and sea-
soned with salt, readily available spices, and grated coco-
nut. They are then steamed and usually eaten with boiled
rice or tapioca. For a family of four, about 300 tadpoles are
used for a single meal that takes about 30-40 minutes of
preparation time. Since tadpoles are available only for a
short period every year, they are considered a delicacy, es-
pecially amongst the children. During the study period, we
did not observe the harvest being sold for a profit. Further-
more, out of the 50 interviewees, only 19 (and their respec-

tive households) admitted to consuming tadpoles. Some
respondents also volunteered that tadpole consumption
was common practice in other tribal areas as well. Apart
from tadpoles, it was found that some tribal people also
consumed the adult individuals (both male and female) of
N. sahyadrensis. Although no direct observation of adult
frog consumption was made, we were informed that the
frogs were consumed in a spicy soup or curry dish. Adults
are consumed both as regular food and for purported me-
dicinal properties (as a cure for burns, asthma, and oth-
er lung ailments). Adults are mostly captured during the
breeding season (April-May) when they emerge from their

Figure 1. A tadpole-harvesting event of Nasikabatrachus sahyadrensis in a tribal settlement area in Kulamaav. A-B) An area of stream
being “swept” by a tribesman while his companion collects the tadpoles downstream in a basket; C) Tribal people landing their catch
of tadpoles; D) A basket trap is held against the current for capturing the tadpoles; E) Collection of tadpoles after the harvesting event.
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underground dwelling for mating. Almost all respondents
confirmed that there was a substantial decrease in purple
frog sightings over the last decade in this region.
Tadpole-harvesting was prevalent in the monsoon sea-
son during July-September every year. The tribal people
have developed an indigenous method for collecting these
uniquely adapted suctorial tadpoles. Usually, about 2-5 in-
dividuals would participate in each harvesting event. Se-
lecting a rocky section of a stream with a steep slope, one
side of the stream is blocked by creating a barrage of rocks
and vegetation to reduce the water flow and partially ex-
pose the tadpoles. This region is then swept with a broom
made of short branches from nearby vegetation and blades
of grasses growing alongside the stream (Figs 1A+B). As
the tadpoles are brushed downstream, they are intercept-
ed and captured with basket traps. These basket traps are
conical in shape with a rounded base. When the basket is
held or moved over the rocky surface against the current,
the water flows out through the interspaces while the tad-
poles are trapped inside (Figs 1C+D). Trapped tadpoles are
then transferred to plastic containers (Fig. 1E) and shared
amongst the people who participated in harvesting.

Our study shows a substantial tadpole population de-
cline during the course of the study period (12,150 in 2008
to 4,900 in 2012; 59% decline; Fig. 2). The number of tad-
poles harvested by the tribal people follows a similar trend
and declined during the five-year period (6,350 in 2008 to
3,160 in 2012; 50% decline; Fig. 2). However, the ratio of
tadpoles harvested (number of tadpoles harvested rela-
tive to number of tadpoles available) increased from 52%

140007

12000

(72}
9100004
o

Q
5 8000
©

-+

w— 6000 -

6350
5530

in 2008, to 70% and 64% in 2011 and 2012, respectively. It
is worthy of mentioning that the tadpole population was
particularly low in 2011 and 2012, when the population
had decreased by about half (51% and 47%, respectively)
as compared to 2010. Interestingly, in both 2011 and 2012,
the pre-monsoon showers were very erratic in compari-
son to previous years, with both the amount of rainfall
and its frequency of occurrence considerably reduced at
the study site. This resulted in streams drying up quickly
and remaining so for long periods during the breeding pe-
riod (April-May) of the purple frog. We also observed a
few egg clutches (n = 4 in 2011, 5 in 2012) of the species in
the study area that were destroyed due to desiccation. The
rapid drying of the stream could also have affected the de-
velopment of hatchlings and early stages of the tadpoles.
Thus, the marked decline of tadpoles in the study area dur-
ing 2011 and 2012 could possibly be a cumulative effect of
scanty pre-monsoon rains and harvesting. Such a possibil-
ity indicates that even if harvesting is carried out at sustain-
able levels in the region, other direct and indirect threats
(most of which are either subjective or undocumented un-
til now) could significantly augment the threat of harvest-
ing in the near future and lead to a substantial decline of
local population of the purple frog. However, to place the
results of our survey in a proper perspective, the five-year
data from our study may not be sufficient to confidently
infer a relation between tadpole decline and harvesting in
this region. Amphibian populations are known to fluctu-
ate considerably in size from year to year due to stochastic
factors, especially in the case of seasonal and/or explosive
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Figure 2. The estimated total number of Nasikabatrachus sahyadrensis tadpoles and the total number of tadpoles harvested during

the study period from 2008-2012.
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breeders (SEMLITSCH et al. 1996, MEYER et al. 1998, MARSH
2001, GOWER & WILKINSON 2005). Hence, it is imperative
to conduct long-term monitoring studies to identify the
influence of this direct threat on local populations of the
purple frog.

The long-term implications of harvesting on natural
populations are also dependent upon a number of other
factors, including the life stage or age of individuals col-
lected (CAMERON & BENTON 2004), the frequency and sea-
son of harvesting (FRECKLETON et al. 2003), and the over-
all population size, structure and range. In the case of the
purple frog, the harvesting season (July-September) is
critical, because it coincides with the period when tadpoles
are at the advanced stages of development. Between 15 July
and 15 August, 76% of the harvested tadpoles were in cat-
egories 2 and 3 (stage 39 or above) and between 16 August
and 15 September, this increased to 85%, a high proportion
(58%) of which were metamorphs (Fig. 3). Generally, in ex-
plosive breeders with large clutches, only about 10-20% of
the total number of eggs develop into metamorphs because
the majority of eggs and developmental stages are lost to
predation and other natural factors that affect hatching
success and development (WELLs 2007). Since metamor-
phosis itself is a very vulnerable period in anuran life his-
tory (WASSERSUG & SPERRY 1977, ARNOLD & WASSERSUG
1978, CRUMP 1984), few metamorphs finally transform into
juveniles that can be recruited into the population.
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Frog harvesting and trade, which used to be very com-
mon practice in India, have been banned since 1987 (PAN-
DIAN & MARIAN 1986, ALTHERR et al. 2011). However, in
cases where indigenous communities utilize natural, even
if threatened, resources exclusively for local consumption
and as part of their livelihood, conservation measures need
to be taken sensitively. A lack of awareness of consequenc-
es in such communities is one major factor that needs to be
addressed. Even during our surveys, people seemed willing
to try and understand when explained what conservation
concerns regarding the purple frog and the importance of
amphibians in general were about. Some families even dis-
continued harvesting tadpoles. We suggest that conduct-
ing awareness campaigns among tribal and local people
will be an important conservation management step for
this species. Because most tribal people involved in har-
vesting tadpoles are unemployed youths, an underlying
factor might be that they are not engaged elsewhere and
look for easy means of obtaining food for their families.
Society and conservation managers could design specific
measures to educate tribal people and provide them with
basic amenities and employment opportunities. Education
will help with raising awareness, and job opportunities will
certainly keep them better engaged in their everyday life.
Further studies need to focus on evaluating the long-term
effects of tadpole and adult consumption on local popula-
tions of the purple frog. Our report reveals an urgent need

April May June July

Months

Figure 3. Line graph showing the compiled monthly harvesting data of Nasikabatrachus sahyadrensis during the study period 2008-
2012. The illustrations represent the dominant developmental stages of purple frogs found in the stream during different months.
A-B) Pie charts showing the proportion of tadpoles harvested with respect to the three categories devised for the study during
A) 15 July through 15 August, and B) 16 August through 15 September. Category 1 (stages 26-38) — blue; category 2 (stages 39-42) -
yellow; and category 3 (stages 43-46) — green, see text for details; C) A typical tadpole at stage 38, (total length 6.0 mm, total mass
2.1 g); D) Adult female Nasikabatrachus sahyadrensis (SVL 86.4 mm, total mass 165 g).
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for taking steps to conserve this flagship amphibian species
of the Western Ghats. It also highlights the importance of
conducting extensive surveys in the distribution range of
the species to possibly identify additional anthropogenic
threats that may be detrimental to local populations. Most
importantly, we propose that there is an urgent need to
reassess the conservation status of the purple frog based
on currently available information, which would be help-
ful for planning and implementing effective conservation
strategies for this species.

Acknowledgements

The authors would like to thank DAviD GOWER, ALEXANDER
KUPFER, and SONALI GARG for their valuable comments and sug-
gestions on the manuscript. We acknowledge the Kerala Forest
Department for issuing study permits to AT and SDB. AT was
supported by a fellowship from the Council for Scientific and In-
dustrial Research (CSIR, Sanction No. 09/045 (0715) 2007-EMR~
1) and the Evolutionarily Distinct and Globally Endangered Spe-
cies (EDGE) Fellowship from the Zoological Society of London
(ZSL). SDB was supported by the People’s Trust for Endangered
Species (PTES), London, the Evolutionarily Distinct and Globally
Endangered Species (EDGE) Initiative, London, and the Univer-
sity of Delhi, India.

References

ADAMS, M. (1999): Correlated factors in amphibian decline: ex-
otic species and habitat change in western Washington. — The
Journal of wildlife management, 63: 1162-1171.

AGGARWAL, R. K. (2004): Ancient frog could spearhead conser-
vation efforts. — Nature, 428: 467.

ALTHERR, S., A. GOYENECHEA & D. SCHUBERT (2011): Canapés to
extinction: The international trade in frogs’ legs and its eco-
logical impact. — Pro Wildlife, Defenders of Wildlife, Animal
Welfare Institute. Munich, Germany; Washington D.C., USA.

ALTIG, R. & R. W. Mc-DIARMID (1999): Body plan: development
and morphology. - pp. 24-51 in: MCDIARMID, R. W. & R. AL-
TIG (eds): Tadpoles: the biology of anuran larvae. — University
of Chicago Press, Chicago,

ARNOLD, S. J. & R. J. WASSERSUG (1978): Differential predation on
metamorphic anurans by Garter Snakes (Thamnophis): Social
Behavior as a Possible Defense. — Ecology, 59: 1014-1022.

BEEBEE, T. J. C. & R. A. GRIFFITHS (2005): The amphibian decline
crisis: a watershed for conservation biology? - Biological Con-
servation, 125: 271-285.

BERGER, L. (1998): Chytridiomycosis causes amphibian mortal-
ity associated with population declines in the rain forests of
Australia and Central America. — Proceedings of the Nation-
al Academy of Sciences of the United States of America, 95:
9031-9036.

Byu, S. D. (2001): A synopsis of the frog fauna of the Western
Ghats, India. - Indian Society for Conservation Biology Oc-
casional Publication, 1: 1-24.

Byu, S. D. & F. BossuyT (2003): New frog family from India re-
veals an ancient biogeographical link with the Seychelles. —
Nature, 425: 711-714.

Byu, S. D. (2004). Nasikabatrachus sahyadrensis. — in: TUCN
2014. IUCN Red List of Threatened Species. Version 2013.1.
— Available at http://www.iucnredlist.org, downloaded on 15
November 2014.

Byu, S. D, R. G., KaMmEl, G. BHATTA, V. B. GIRrI, N. A. Cox, .
Das & E BossuyT (2008): Diversity and Conservation Status
of the Western Ghats Amphibians. — pp. 80-82. in: STUART, S.
N., M. HOFFMANN, J. S. CHANSON, N. A. Cox, R. BERRIDGE, P.
RAMANI & B. E. YOUNG (eds): Threatened Amphibians of the
World. - Lynx Edicions, Barcelona.

BisHop, P. J., A. ANGULO, J. P. LEwis, R. D. MOORE, G. B. RABB &
J. G. MORENO (2012): The Amphibian Extinction Crisis — what
will it take to put the action into the Amphibian Conservation
Action Plan? - Surveys And Perspectives Integrating Environ-
ment And Society, 5(2), 2012.

BooNE, M. D. & C. M. BRIDGES (2003): Effects of pesticides on
amphibian populations. — pp. 152-167 in: SEMLITSCH, R. D.
(ed.): Amphibian Conservation. - Washington D.C. Smithso-
nian Institution.

CaMERON, T. C. & T. G. BENTON (2004): Stage-structured har-
vesting and its effects: an empirical investigation using soil
mites. — Journal of Animal Ecology, 73: 996-1006.

CARPENTER, S. R. & M. TURNER (2000): Opening the black boxes:
Ecosystem science and economic valuation. — Ecosystems, 3:
1-3.

CARPENTER, A. 1., H. DUBLIN, M. LAU, G. SYED, J. E. McKAY & R.
D. MOORE (2007): Over-harvesting. — pp. 26-31 in: GASCON,
C., J. P. Corrins, R. D. MOORE, D. R. CHURCH, J. E. McKAY &
J. R. MENDELsON IIT (eds.) Amphibian Conservation Action
Plan. - ITUCN/SSC Ampbhibian Specialist Group, Gland, Swit-
zerland and Cambridge, UK.

CHAN, H-K,, K. T. SHOWMAKER, N. E. KARRAKER (2014): De-
mography of Quasipaa frogs in China reveals high vulnerabil-
ity to widespread harvest pressure. — Biological Conservation,
170: 3-9.

CruMP, M. L. (1984): Ontogenetic Changes in Vulnerability to
Predation in Tadpoles of Hyla pseudopuma. — Herpetologica,
40: 265-271.

CUSHMAN, S. A. (2006): Effects of habitat loss and fragmentation
on amphibians: A review and prospectus. — Biological Con-
servation, 128: 231-240.

DUFFY, J. E. (2002): Biodiversity and ecosystem function: the con-
sumer connection. — Oikos, 99: 201-219.

DurTTa, S. K., K. VASUDEVAN, M. S. CHAITRA, K. SHANKER & R.
K. AGGARWAL (2004): Jurassic frogs and the evolution of am-
phibian endemism in the Western Ghats. — Current Science,
86: 211-216.

FRECKLETON, R. P,, D. M. Siva MaTos, M. Bovi & A. R. WaAT-
KINSON (2003): Problems with predicting the impacts of
harvesting using structured population models: an exam-
ple based on tropical trees. - Journal of Applied Ecology, 40:
846-858.

Gerz, W & R. HAIGHT (1989): Population Harvesting: demo-
graphic models of fish, forests, and animal resources. — Princ-
eton University Press, New Jersey, USA.

GOWER, D. J. & M. WILKINSON (2005): Conservation biology of
caecilian amphibians. — Conservation Biology, 19: 45-55.

HouranaN, J. E,, C. S. FiNDLAY, B. R. ScHMIDT, A. H. MEYER & S.
L. KuzMIN (2000): Quantitative evidence for global amphib-
ian population declines. - Nature, 404: 752-755.

257



Correspondence

TUCN (2014): The IUCN Red List of Threatened Species. Version
2014.3. — Available at http://www.iucnredlist.org, downloaded
on 17 November 2014.

Lau, M., P. P. vaN DK & G. P. SYED (2008): Managing problems
of over-exploitation and trade in amphibians. - p. 132 in: STU-
ART, S. N., M. HOFEMANN, J. S. CHANSON, N. A. Cox, R. BER-
RIDGE, P. RAMANI & B. E. YOUNG (eds): Threatened Amphib-
ians of the World. -Lynx Edicions, Barcelona.

MaRrsH, D. M. (2001): Fluctuations in amphibian populations: a
meta-analysis. — Biological Conservation, 101: 327-335.

McCarrum, M. L. (2007): Amphibian decline or extinction?
Current declines dwarf background extinction rate. - Journal
of Herpetology, 41: 483-491.

MEYER, A. H,, B. R. ScHMIDT & K. GROSSENBACHER (1998):
Analysis of three amphibian populations with quarter-century
long time-series. — Proceedings of the Royal Society of Lon-
don. Series B: Biological Sciences, 265: 523-528.

MOHNEKE, M., A. B. ONADEKO & M.-O. RODEL (2009): Exploi-
tation of frogs — a review with a focus on West Africa. - Sala-
mandra, 45: 193-202.

PANDIAN, T. J. & M. P. MARIAN (1986): Production and utilization
of frogs: an ecological review. — Proceedings of Indian Acad-
emy of Sciences, 95: 289-301.

Raj, P, K. VAsUDEVAN, V. DEEPAK, R. SHARMA, S. SINGH, R. K.
AGGARWAL & S. K. DUTTA (2012): Larval morphology and on-
togeny of Nasikabatrachus sahyadrensis Biju & Bossuyt, 2003
(Anura, Nasikabatrachidae) from Western Ghats, India. -
Zootaxa, 3510: 65-76.

SEMLITSCH, R. D., D. E. ScoTT, ]. H. K. PECHMANN & J. W. GIB-
BONS (1996): Structure and dynamics of an amphibian com-
munity: evidence from a 16-year study of a natural pond.
Long-term studies of vertebrate communities. - Academic
Press, San Diego, California, 217-248.

SopHi, N. S., D. Bickrorp, A. C. Diesmos, T. M. LEg, L. P.
Kow, B. W. BRoOK, C. H. SEKERCIOGLU & C. ]J. A. BRADSHAW
(2008): Measuring the meltdown: drivers of global amphibian
extinction and decline. - PLoS ONE, 3: e1636

STUART, S. N., M. HOFFMANN, J. S. CHANSON, N. A. Cox, R. BER-
RIDGE, P. RAMANI & B. E. YOUNG (2008): Threatened Amphib-
ians of the World. - Lynx Edicions, Barcelona.

THOMAS, A., R. SUYESH, S. D. Biju & M. A. BEE (2014): Vocal be-
havior of the elusive Purple frog of India (Nasikabatrachus sa-
hyadrensis), a fossorial species endemic to the Western Ghats.
- PLoS ONE, 9: e848009.

WAKE, D. B. & V. T. VREDENBURG (2008). Are we in the midst of
the sixth mass extinction? A view from the world of amphib-
ians. - Proceedings of National Academy of Sciences of United
States of America, 105: 11466-11473.

WARKENTIN, I. G., D. Bickrorp, N. S. SopHI & C. ]. A. BRAD-
SHAW (2008): Eating Frogs to Extinction. - Conservation Bio-
logy, 23: 1056-1059.

WASSERSUG, R.J. & D. G. SPERRY (1977): The Relationships of Lo-
comotion to Differential Predation on Pseudacris triseriata
(Anura: Hylidae). - Ecology, 58: 830-839.

WELLS, K. D. (2007): The Ecology and Behaviour of Amphibians.
- The University of Chicago Press, Chicago, Illinois, USA.

WRIGHT, J. P,, S. NAEEM, A. HECTOR, C. LEHMAN, P. B. REICH, B.
ScHMID & D. TILMAN (2006): Conventional functional classi-
fication schemes underestimate the relationship with ecosys-
tem functioning. — Ecology Letters, 9: 111-120.

258

ZACHARIAH, A., R. K. ABRAHAM, S. Das, K. C. JAYAN & R. AL-
TIG (2012): A detailed account of the reproductive strategy and
developmental stages of Nasikabatrachus sahyadrensis (Anura:
Nasikabatrachidae), the only extant member of an archaic frog
lineage. — Zootaxa, 3510: 53-64.



