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Current knowledge of amphibian diversity in
Sumatra, and its significance for conservation
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Abstract The amphibians of the Indonesian island of
Sumatra are poorly known, despite it being recognized as
a biodiversity hotspot. For determining conservation prior-
ities, up-to-date knowledge of the state of amphibian diver-
sity in Sumatra is crucial, particularly considering the high
deforestation rate on the island. To address this, I compiled
and analysed a comprehensive dataset for amphibians
known from Sumatra, to identify knowledge gaps and assess
the significance of these data for conservation on the island
and, more broadly, across Indonesia. The compilation indi-
cates there are  amphibian species currently recorded for
Sumatra, % more than the number known in .
Approximately  species have been described since .
Associated data on larvae and calls is lacking for many
species. Although % of the amphibians of Sumatra are
categorized as Least Concern on the IUCN Red List, this
may not represent the actual conservation status of these
species because many of the assessments are outdated. In
addition, % of species have not yet been evaluated. This
study highlights the need for more comprehensive studies on
the amphibians of Sumatra.
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Introduction

Sumatra, the westernmost of the large islands of
Indonesia, is one of the most biodiverse islands

(Whitten & Damanik, ). It is topographically heteroge-
neous, rises to a maximum altitude of , m, and harbours
a range of ecosystems (Bihari & Lal, ; Whitten &
Damanik, ). The Amphibia of the Indo-Australian
Archipelago (van Kampen, ) was the first publication

to provide a comprehensive list of amphibians of Sumatra,
detailing  species of the total of  species recorded in the
archipelago. This number has continued to increase since
then, especially since , as a result of extensive surveys
in both the explored and previously unexplored regions of
Sumatra and the application of advanced methods such as
integrative taxonomy (Padial et al., ; Schlick-Steiner
et al., ). In addition, there are probably many un-
described species on the island (Arifin et al., a,b), as
has been demonstrated elsewhere across Southeast Asia
(Brown & Stuart, ).

Amphibian decline is a major global issue, including in
Sumatra. Deforestation on the island is one of the greatest
threats facing amphibians as it has led to significant loss
of forest cover (Margono et al., ; Global Forest Watch,
). It has been estimated that c. % of the pristine forests
in Southeast Asia could potentially disappear by  (Sodhi
et al., ; Rowley et al., ), leading to the extinction of
–% of the known species in this region (Bickford et al.,
), and species could become extinct before they are even
discovered (Giam et al., ). This significant biodiversity
crisis warrants immediate conservation action (Wong et al.,
; Pangau-Adam et al., ). Singapore, for example, has
lost c. % of its original vegetation cover over  years,
leading to at least % of its biodiversity becoming locally
extinct (Brook et al., ). Conserving the forests of
Sumatra and Southeast Asia is therefore of high priority
(Trainor, ; Sodhi et al., ) because there is no substi-
tute for primary forests for maintaining tropical biodiversity
(Gibson et al., ).

Up-to-date data on the amphibians of Sumatra are im-
portant for the design of effective conservation actions.
Here I compile and present a comprehensive dataset of
the known extant amphibians of Sumatra, identify knowl-
edge gaps and assess the significance of these data for
conservation.

Methods

I generated a preliminary list of amphibians recorded in
Sumatra from Frost (), on  April , to which I in-
corporated data from AmphibiaWeb (), the IUCN Red
List (), iNaturalist (), Kamsi et al. (), Kaprawi
et al. () and my own field trips to  sites across
Sumatra (unpubl. data, –). I also used additional
sources to gather information on larvae and calls (Ecology
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Asia, ; Frogs of Borneo, ; Haas et al., ;
SoundCloud, ; SoundCloud, ). The final dataset
(Supplementary Table ) comprises, for each species:
name (following Frost, ), author(s), year described, en-
demicity, IUCN Red List status and most recent assessment
date, availability of information on larvae and calls, and
whether the species is known only from the type locality.
To examine the rate of change of the cumulative number
of described species over time, I applied LOESS regression
to these data. As examination of the regression line in-
dicated marked differences in slope for the periods before
and after , I estimated the rate difference between
these two time periods via slope estimation using simple
linear regression.

Results

The cumulative number of species recorded in Sumatra has
generally increased over time (Fig. ), especially from 

onwards. The local regression analysis shows that the regres-
sion slope after  is c. . times steeper than before 
(Table ).

A total of  amphibian species (%of which are endem-
ic), representing seven families, have so far been recorded

from Sumatra and the adjacent islands (Supplementary
Table ). The family Ichthyophiidae is represented by only
six species, of which four are endemic to Sumatra (Fig. ).
In contrast, the Rhacophoridae is represented by  species,
with % of these being endemic. This per cent endemicity
is similar in several other families: Ranidae (%),
Bufonidae (%) and Megophryidae (%). Only one of the
 species in the family Dicroglossidae (Limnonectes
sisikdagu) is endemic to Sumatra (Fig. ).

Information on larvae and calls is available for only %
and % of species, respectively (Supplementary Table ).
Information on larvae is available for none of the six species
of Ichthyophis in Sumatra (Fig. ).

Eighty-six per cent of the total reported amphibian
species in Sumatra have been evaluated and categorized
on the IUCN Red List (Fig. , Supplementary Table ).
Approximately % of amphibian species are categorized
as Least Concern, and ,  and % are categorized as Near
Threatened, Vulnerable and Endangered, respectively
(none have been categorized as Critically Endangered). All
Ichthyophiidae are categorized as Data Deficient except for
Ichthyophis paucisulcus, which is categorized as Least
Concern (Fig. ).

FIG. 1 Cumulative number of amphibian species in Sumatra,
Indonesia, described/recorded from  to April . The
vertical lines highlight  (LOESS regression break point, with
different slopes before and after this year) and  (the last year
of data compiled as of April ). The smoothed line is the
LOESS regression line, with the % confidence interval.

FIG. 2 The total number of amphibian species recorded in
Sumatra as of April , and the number of these that are
endemic and for which information is available on larvae and
calls, by family.

TABLE 1 Non-parametric local regression analysis for cumulative number of described species against year of publication (Fig. ), with slope
of regression before and after . The slope after  is . times steeper than before .

Slope SE of the explanatory variable (year of publication) P Model adjusted R2

Before 1950 0.578 0.014 < 0.0001 0.980
After 1950 0.806 0.080 < 0.0001 0.780
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Discussion

Amphibian diversity in Sumatra

The information compiled here shows that our knowledge of
the amphibians of Sumatra has improved over time (Fig. ),
from  species known in the early th century (van
Kampen, ) to  species. Approximately % of this in-
crease occurred in the past  decades (Supplementary Table
), with a mean of three amphibian species being described
annually. This increase is a result of greater recent survey ef-
fort compared to previous decades (Brown & Stuart, ).
The cumulative number of known species has not yet reached
an asymptote, (Fig. ), suggesting that additional species may
yet be discovered. Greater survey effort has been a result of
national and transnational collaborations: over the years ana-
lysed, multi-author publications have becomemore common
than single-author publications describing new amphibian
species in Sumatra. Only three of the  new species de-
scribed or recorded during – were published by a
single author (Supplementary Table ).

Broad geographical surveys for both adults and larvae
and the application of integrated taxonomy approaches
(Arifin et al., b) are key to accelerating species dis-
covery, especially in a biodiversity-rich region such as

Sumatra. Over the past  centuries, taxonomic studies of
frogs have been exclusively based on morphological charac-
teristics (Brown& Stuart, ) and primarily examinedma-
ture individuals. This approach has limitations in the
tropics, where large numbers of amphibians are cryptic
(Elmer et al., ; McLeod, ; Guarnizo et al., ).
Dring (, ) was one of the first proponents of integra-
tive taxonomy in Southeast Asia. Describing species accord-
ing to more than one data type (i.e. morphological,
molecular, ecological, bioacoustical) is now common prac-
tice (Brown & Stuart, ). As a result of this approach, the
rate of discovery of newly described species in the region has
accelerated (Joppa & Pfaff, ; Brown & Stuart, ).
Nevertheless, there is no general consensus regarding the
minimum or maximum number of characteristics required
to delineate a species. Taxa could vary in the number of
combined characteristics adequate to define a species
(Valdecasas et al., ; Padial & De la Riva, ).
Furthermore, it is advisable to combine characteristics of
adults and larvae as both are equally important (Arifin
et al., b, ).

Knowledge gaps and challenges

Choice of survey methods could inadvertently lead to gaps
in our knowledge of some groups of amphibians. The com-
piled data suggest that the frog family Rhacophoridae has
the highest number of extant species in Sumatra (), and
the Ichthyophiidae (caecilians) has the lowest number ().
This difference is probably in part a result of the choice of
survey methods. Amphibian inventories usually focus on
riparian habitats and primarily use opportunistic methods
or visual encounter surveys/transects (Heyer et al., ).
Caecilians live underground and are difficult to find, and
therefore they are more effectively surveyed using pitfall
traps, or observed when they come to the surface after
heavy rains (U. Arifin, pers. obs., ). Using pitfall traps
in combination with visual encounter surveys/transects
has been recommended to ensure comprehensive species
inventories (Ribeiro-Junior et al., ; Sung et al., ).

Several recently described species (e.g. Pulchrana fantas-
tica and Sumaterana dabulescens) have been recorded in
areas both previously explored and unexplored for amphi-
bians (Arifin et al., a,b). This suggests more amphibian
surveys are required across the island, especially as the de-
forestation rate remains high (Margono et al., ; Global
Forest Watch, ).

Further surveys are also required for clarifying the status
of the  species endemic to Sumatra and of the  species
categorized as Data Deficient, only two of which
(Ichthyophis nigroflavus and Philautus petersi) are not en-
demic to Sumatra. Nineteen of the endemic species have
only been recorded from their type locality. The endemic
Pulchrana debussyi, for example, has been categorized as

FIG. 3 For the total number of amphibian species recorded in
Sumatra as of April , the per cent that have not yet been
evaluated for the IUCN Red List (Not Evaluated) and have been
categorized as Data Deficient, Least Concern, Vulnerable and
Endangered (none have been categorized as Critically
Endangered), by family.
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Data Deficient since  (IUCN SSC Amphibian Specialist
Group, ). Until a recent observation in Batang Gadis
National Park (Kaprawi et al., ), the only information
available for this species was from the original description
(van Kampen, ).

Re-evaluation of conservation status is also required for
Sumatran species in other IUCN Red List categories, includ-
ing Least Concern. In tropical regions, so-called cryptic spe-
cies (two or more species hidden under one species name)
may be overlooked. For example, the Sumatran endemic
species formerly known as Huia sumatrana was previously
thought to be a single species with a Sumatra-wide distribu-
tion. Using integrated taxonomy approaches and thorough
geographical surveys, it has been determined that this taxon
comprises at least three distinct lineages (Arifin et al., ).
In addition, it is important to document the biology of lar-
vae in addition to that of adults (Arifin et al., ), as infor-
mation on larvae and calls is available for only  and % of
species in Sumatra, respectively. Incorporating bioacoustics
data is crucial for species delimitation (Chan et al., ).

Significance for conservation

Although % of the known amphibian species of Sumatra
are categorized as Least Concern, many of the assessments
are out of date. For example, Microhyla heymonsi, a wide-
spread species in East and Southeast Asia (Frost, ), was
categorized as Least Concern in  and this assessment
needs updating (van Dijk et al., ). There has been subse-
quent research on frogs formerly known asM. heymonsi, lead-
ing to taxonomic changes for several populations. Populations
currently recognized asM. heymonsi require re-evaluation, as
the trueM. heymonsimay only occur on the islands of Taiwan
and Hainan and in southern China (Garg et al., ).

Approximately  species of amphibian in Indonesia are
reported to be threatened (Summary Statistics Table  in
IUCN, ). This number could, however, be higher as
not all species have been assessed for the IUCN Red List
and, as suggested by the absence of an asymptote in the cu-
mulative number of species described over time in Sumatra
(Fig. ), more species may yet be discovered. Frost () lists
, amphibian species worldwide, which is c. % of an
estimated , species (Chapman, ). Documenting
amphibian diversity and distribution patterns (Inger et al.,
; McLeod et al., ) is necessary for conservation.
Given the current biodiversity crisis, accurate taxonomy
and diversity estimates for amphibians are increasingly
important (Brown & Stuart, ) for planning conser-
vation management strategies in Indonesia and elsewhere.
Describing unknown species and rediscovering reportedly
extinct species (Ladle et al., ; Scheffers et al., ;
Roberts & Fisher, ; Long & Rodriguez, ) will help
to highlight the remarkable biodiversity of Sumatra, im-
prove knowledge of the amphibian communities on the

island, and will be key for designing effective conservation
strategies (Scheffers et al., ). Similarly, information on
species diversity and distributions across geographical re-
gions, including on species richness and endemism, can
support the prioritization of areas for conservation
(Azevedo-Ramos & Galatti, ).

To conclude, I make five recommendations for improv-
ing knowledge of the amphibians of Sumatra: () increase
survey effort in both explored and unexplored areas, for
both adults and larvae; () improve survey efficiency, con-
sidering the biology of the targeted taxa and their preferred
habitats in selecting the most appropriate methods; ()
apply integrative taxonomy approaches to confirm and val-
idate the identity of species; () document associated data
on calls, larvae and distributions; and () re-assess species
with out-of-date Red List assessments.
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