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PREFACE

In the past decades, numerous books on Bornean frogs, namely 
`The Systematics and Zoogeography of the Amphibia of Borneo’, 
`Frogs of Sabah’, `A Natural History of Amphibian and Reptiles 
of Borneo’, `A Field Guide to Frogs of Borneo’, `Amphibians and 
Reptiles of Mount Kinabalu’, and recently, `Tadpoles of Borneo’ 
have been published. None, however, have really dwelled into 
details on frogs’ communication or advertisement calls, except 
for `Amphibians and Reptiles of Mount Kinabalu’. Yet, the book 
only emphasizes on the Kinabalu frogs. This book introduces 
the specialist readers and students to the various types of calls 
produced by our native frogs (genus Hylarana) in the jungle of 
Borneo (Sarawak, East Malaysia).

     

Ramlah Zainudin
Hasnizam Abdul Wahid
Mustafa Abdul Rahman
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1
INTRODUCTION

WHAT IS THE DIFFERENCE BETWEEN A FROG AND 
A TOAD?

The amphibians are a group of animals that can live in 
water and on land. Amphi means dual, bios mean life, thus, 
amphibians in Greek means dual life. The tailed amphibians 
are salamamders and newts, while tailless amphibians form 
a group of animals called the Anura. Members of Anura are 
usually called a frog or a toad. 

Frogs (Photo 1 and 2) generally have smooth skin and long 
legs for jumping and hopping. Toads (Photo 3), on the other 
hand, have rounded bodies and shorter legs than frogs. Many 
toads also have large lumps or warts, on their backs and they 
walk rather than hop.

WHAT ARE FROGS?

Frogs are characterized by obvious external traits, i.e. 
stout body, tailless, two pairs of limbs, four fingers, five toes, 
large eyes with eyelid, and large mouth in certain species. 
In Borneo, frogs and toads are represented by six families 
comprising Bombinatoridae, Megophryidae, Ranidae (Photo 1), 
Rhacophoridae (Photo 2), Microhylidae and Bufonidae (Photo 
3). There are at least 150 species of Bornean frogs to date (Inger 
& Stuebing 2005) and the number keeps on increasing from 
year to year. 
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Hylarana raniceps

Staurois natator

Photo 1 `True frogs’ at Kubah National Park

Rhacophorus appendiculatus

Polypedates leucomystax

Photo 2 Tree frogs at natural frog ponds at 
Kubah National Park
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Ansonia spinulifer at Borneo Height

Ingerophrynus quadriporcatus at Bako National Park

Photo 3 Sarawak toads

There are two major groups of frogs in Borneo based on 
their general habitats and habits, i) ̀ town or kampong’ category 
i.e. species closely related to human activities and, ii) forest 
category i.e. species that are confined to forests or forest edges 
(Inger & Stuebing 2005). This book concentrates only on male 
forest frogs from Sarawak.

WHY STUDY ADVERTISEMENT CALLS or FROG 
SOUNDS?

Sound production by animals is primarily a method of 
informing the presence of an individual to others of the same 
species. In the simplest form, anuran communication system 
(Figure 1) consists of a transmitter (vocal apparatus) to emit 
sound and a receiver (ear) to process and respond to the signal. 
The system also consists of the source (male frog), encoder 
(brain), channel (air or water), decoder (ear and brain) and a 
destination (male for territory or female frog for mating). Thus, 
the call has two functions, namely (i) attraction of con-specific 
females, and (ii) announcement of occupied territory to other 
males of the same or different species.  

The first published reference to frog call is by Aristophanes 
in 405 BC, which is on Rana ridibunda that produced croax 
croax. Sounds or frog-croaking is a good character that can be 
used in addition to genetical distances to infer speciation and 
reproductive isolation. Variation in calling songs has, thus, been 
utilized as a valuable tool in taxonomic studies at a specific level 
for years. 

In species where mate recognition occurs primarily through 
pre-mating courtship signals, mating preferences in one sex 
can strongly influence the evolution of mating signals in the 
opposite sex, resulting in inter-sexual selection promoting 
divergence in mate recognition signals. Females can discriminate 
between different calls and choose males on this basis, thereby 
generating sexual selection on call traits. Studies on the pattern 
of geographic variation that evaluated the effects of selection 
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and ecological constraints show substantial differences among 
populations in signals emitted (Castellano et al. 2000; Ryan et 
al. 1996). 

 

Source: Male (♂) Destination: other male 
(♂)

(Territory)

Destination: Female (♀)
(Mating)

Fig. 1:  Anuran communication system showing source and  
 destinations.

Genus Hylarana

Hylarana Tshudi 1838 was considered a genus (and 
redelimited) most recently by Che et al. (2007) who supported 
Chen et al. (2005) in considering some of the Oriental frogs from 
the genus Rana into the genus Hylarana. The genus occurs at 
two broadly disjunct areas: 1) savannas from Senegal to Eritrea, 
Ethiopia and Somalia south to Mozambique; 2) Tropical Asia 
from Sri Lanka and the Western Ghats of southwestern India 
through eastern India and Nepal to southern China (including 
Taiwan and Hainan), through the Indo-Australian Archipelago 
to the Philippines, New Guinea and northern Australia (Frost 
2008). There are 10 species of Hylarana in Sarawak (Figure 2) , 
namely Hylarana erythraea, Hylarana nicobariensis, Hylarana 
signata, Hylarana picturata, Hylarana baramica, Hylarana 
raniceps, Hylarana laterimaculata, Hylarana glandulosa, 
Hylarana luctuosa, and recently described, Hylarana 
megalonesa (Inger et al. 2009). Recordings of advertisement 
calls are only available for six species: Hylarana nicobariensis, 
Hylarana signata, Hylarana picturata, Hylarana baramica, 
Hylarana glandulosa, Hylarana luctuosa.  This book, however, 
only features advertisement calls of five species from the genus 
Hylarana.

Recent study by Ramlah (2009) indicated that the similarity 
indexes of habitat and microhabitat characteristics were in line 
with the description on the ecology and life styles of Sarawak 
frogs by Inger and Stuebing (2005).  However, non-metric 
multidimensional analysis using proximities scaling revealed 
five ecological guilds of genus Hylarana: i) semi arboreal 
species at forest edge consisting of H. raniceps, ii) ground 
dwellers at non-forested region consisting of H. erythraea, iii) 
ground dweller (rock) at forest edge consisting of H. picturata, 
iv) ground dwellers at forest and forest edge species consisting 
of H. signata, H. glandulosa, H. luctuosa) and lastly, v) semi-
arboreal forest (riverine) species consisting of H.baramica 
(Ramlah 2009).
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Species Ecological Guild 

Hylarana raniceps
Semi arboreal 
species 

Hylarana picturata
Ground dweller 
(rock) at forest 
edge  

 Hylarana laterimaculata  
(photo by Norhayati A)

 Hylarana glandulosa  

 Hylarana signata 

 Hylarana luctuosa  

  Hylarana nicobariensis  

  Hylarana erythraea   
(photo by Norhayati A)

Ground dwellers 
at non-forested 
region 

Hylarana baramica  
Semi-arboreal 
forest (coastal, 
riverine and flat 
area) species 

Species Ecological Guild 

Hylarana raniceps
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species 

Hylarana picturata
Ground dweller 
(rock) at forest 
edge  

 Hylarana laterimaculata  
(photo by Norhayati A)

 Hylarana glandulosa  

 Hylarana signata 

 Hylarana luctuosa  

Ground dwellers 
(forest floor) at 
forest and forest 
edge species 

Ground dwellers 
(forest floor) at 
forest and forest 
edge species 

  Hylarana nicobariensis  

  Hylarana erythraea   
(photo by Norhayati A)

Ground dwellers 
at non-forested 
region 

Hylarana baramica  
Semi-arboreal 
forest (coastal, 
riverine and flat 
area) species 

Fig. 2: Ecological guilds of Sarawak Hylarana based on habitat 
and microhabitat utilization (Ramlah 2009)

Fig. 3: Location of Sarawak in the Island of Borneo (adapted 
 from Google Map 2009)

THE JUNGLE: 
SARAWAK, EAST MALAYSIA

 WHERE IS SARAWAK?

Sarawak, East Malaysia is located on the great Island of 
Borneo (Figure 3), with Sabah being the other state of Malaysia, 
Borneo. Seven study sites in Sarawak were chosen for data 
collection as shown in Figure 4. The study sites consist of four 
National Parks [Kubah/Matang (1), Bako (3), Mulu (7) and 
Similajau(5)], and three unprotected areas [Borneo Height (2), 
Sadong Jaya (4) and Bario(6)].
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Legends
 1)Kubah National Park/Matang Wildlife Centre, 
  Sarawak
 2)Borneo Height, Padawan, Sarawak
 3)Bako National Park, Sarawak
 4)Sadong Jaya, Sarawak
 5)Similajau National Park
 6)Bario, Sarawak
 7)Mulu National Park, Sarawak
 8)Tasik Chini Pahang, Peninsular Malaysia 
  (Norhayati A, UKM)

Fig. 4:  Map of Sarawak showing study locations of call   
  surveys (1-7).

The Forests

Evergreen tropical rain forest is the natural vegetation of the 
whole Sarawak (Hazebroek & Kassim 2001), except for small 
areas of rivers, beaches and rock cliffs. There are nine major 
forest types of Sarawak, mainly MDF (mixed dipterocarp forest) 
peat swamp, kerangas or tropical heath, mangrove, littoral 
forest, riverine or alluvial forest, montane forest, limestone, and 
secondary forest. Calling frogs were surveyed at seven localities 
that consist of five types of forests: 

Mixed Dipterocarp Forest (MDF) and Edge of MDF

Mixed dipterocarp forest is a high forest, with a deep and 
dense leaf canopy, the upper surface of which is usually very 
uneven. The canopy reaches a height of 35 to 55 m, with emergent 
trees occasionally exceeding 60 m (Hazebroek & Kassim 2001). 
The trees are mostly evergreen and their dense shade much 
reduces light intensity at the forest floor which provide suitable 
habitat for frog species. 

Several forest types have been distinguished within mixed 
dipterocarp forest, but only two types were within study 
localities, namely lowland and hill dipterocarp forest. Lowland 
dipterocarp forest is found in Bako National Park, Matang 
Wildlife Centre in Kubah National Park, and some parts of 
Mulu National Park and Similajau National Park (Figure 5a), 
whereas hill dipterocarp forest is found in Kubah National 
Park, Borneo Height (edge, Figure 5b) and Bario (edge).

Sadong
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Fig. 5:  Students conducting quadrate sampling of frogs at  
  MDF, Similajau   National Park (a) and (b) Edge of  
  MDF (mixed dipterocarp forest) at Borneo Highland,  
  Sarawak

(a)

(b)

Kerangas or Tropical Heath forest

Kerangas forest is an adapted form of mixed dipterocarp forest, 
which occurs on infertile sandy soils or on soils derived from 
basic igneous or volcanic rocks, such as basalts (Hazebroek & 
Kassim  2001). The word `Kerangas’ comes from an Iban word 
meaning ‘land where paddy cannot be grown’. Rain water 
cannot be retained to flood the land for paddy planting because 
it seeps into the ground very quickly. This is because the soil 
is very sandy, very much like the sand on the sea shore. The 
white sandy soil of the kerangas forests is naturally infertile 
and, therefore, not suitable for agriculture or animal habitats. 
Dacrydium tristaniopsis, which is a tropical conifer that is 
found in Kerangas forest, has great ornamental potential. For 
frogs, some were found utilizing the Kerangas forest, such as 
Hylarana signata at Bako National Park. Kerangas forest is 
also found in Bario (Figure 6), Kubah and Similajau National 
Park, but no individuals of Hylarana were sighted at the study 
locations. 

 Dacrydium Tristaniopsis 

Fig. 6 Kerangas forest at Bario Asal, Sarawak.
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Riverine or Alluvial forest

Riverine forest is the natural vegetation found at low-lying and 
gentle terrain at Sarawak’s river valley. It is also called alluvial 
forest because it grows on alluvial sediments (mainly clay and 
silts), which are deposited during periodic flooding of the rivers 
(Hazebroek & Kassim 2001). Typical trees along inland rivers 
are ensurai (Dipterocarpus oblongifolius) engkabang (Shorea 
spp.) and nibong (Oncosperma sp.). Riverine forests within 
the study areas are found in Bako National Park (Figure 7), 
Similajau National Park and Mulu National Park.

 
Nibong tree (Oncosperma sp)

Fig.7: Riverine forest showing nibong tree at Bako National  
 Park, Sarawak

Fig. 8: Night view of secondary forest, (above) and degraded  
  peat swamp forest that  turned into a secondary forest  
  (below) at Ulu Jemukan, Sadong Jaya, Sarawak.

Secondary Forest

Mixed dipterocarp forest that has been cleared and burnt for 
farming would eventually revert to secondary forest if there was 
no further cultivation (Hazebroek & Kassim  2001). Secondary 
forests may revert to the composition and structure of primary 
forests if left undisturbed. This type of forest is known as old 
secondary forests. Within study localities, secondary forests 
are found in Sadong (Figure 8) and Bario, while old secondary 
forests are found in Bukit Kana, Bintulu.
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Peat swamp forest

Peat swamp forest was originally from inland mangroves 
forest, and now covers 12% of Sarawak’s land surface (Hazebroek 
& Kassim 2001). The soil is entirely composed of peat, which 
represents partly decomposed leaves, twigs and trunks of 
previous generation of trees. There are about five types of peat 
swamp forests, which gradually replace one another from the 
rim to the centre of the swamp. 

Within the study localities, frogs of the genus Hylarana 
were found at seasonal swamps at Similajau National Park and 
inland mixed swamp forest at Matang Wildlife Centre (Figure 
9) at Matang Ranges, Sarawak. Peat swamp forests also occur 
at Bako National Park and Mulu National Park, Sarawak.

Fig. 9: A singing Brown marsh frog Hylarana baramica on  
  branch of typical tree  found at mixed swamp forest,  
  near chalet of Matang Wildlife Centre, Sarawak.

Surveying and data collection of croaking frogs

Different habitats were surveyed at night and make 
digital recordings of the Bornean Hylarana encountered using 
Sony ICD-SX30 recorder and Sony microphone. Data on air 
temperature were measured using data logger. Size of calling 
frogs was taken, to allow an analysis of how the calls vary due 
to these ecological factors. Identification of frog captured was 
done by using ` A field guide to the frogs of Borneo’ (Inger & 
Stuebing 2005) and ` A key to the frogs of Sarawak’ (Inger et 
al 1985).  The size (snout-vent-length) and weight of frogs were 
also recorded. Microhabitat checklist for all captured frogs was 
based on Inger (in Heyer et al. 1994).  
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WHY FROGS CROAK?

Frogs are indeed noisy organisms. During mating season, 
the male frogs will attract females by producing loud croak 
calls. In Sarawak forests, the calls of many frog species can be 
very loud indeed, especially for those males that form breeding 
aggregation. 

Frogs’ croak may seem to be mysterious because they cannot 
be seen; they are just waves of sounds, and yet, they convey 
an enormous amount of information. The croak tells us what 
species it is, a reproductively active male, and also the croak 
can be an indicator of a small or large male, since there is a good 
correlation between body size and pitch. Sound or croak has a 
big advantage of being able to produce signals without tying up 
appendages so that the animals can run away when disturbed 
and still be able to communicate by sound. Another advantage 
is that sound, unlike light, can go around obstacles like trees, 
which is very advantageous in the jungle. It also works day 
and night. For example, the sound of the Brown marsh frog, 
Hylarana baramica, can be heard as early as 17:00h near one 
of the chalets at Matang Wildlife Centre (Figure 10) or Stutong 
Park Forest Reserve at Kuching Town.

Acoustic characteristics are useful in elucidating taxonomic 
relationships of species. Differences in calls between species 
represent modifications of sound-producing systems, and every 



32 Croaks of the Bornean Frog
The Hylarana of Sarawak 33Why And How Do Frogs Croak?

time an individual of a given species produces a call, that call 
will have certain characteristics. Females recognize and select 
their mates by advertisement calls made by conspecific males. 
If call differences correspond directly to distinct breeding 
populations, then the OTU (Operation taxonomic unit) can be 
considered to be biological species. It can become one of the 
characters to identify species of frogs inhabiting an area.  The 
call has two functions, namely attraction of con-specific females 
and announcement of occupied territory to other males of the 
same or different species.  

Vibration of 
vocal sac 

Fig 10: Vibration of vocal sac of the male Brown marsh frog 
Hylarana baramica at Matang Wildlife Centre, 
Sarawak

Advertisement call is formerly known as mating or breeding 
call emitted by males. The call has two functions, namely (i) 
attraction of con-specific females, and (ii) announcement of 
occupied territory to other males of the same or different 
species.  Anuran (frogs) vocalization is primarily functioned as 
attraction of mates.  As frogs disperse into new surroundings 

and habitats, environmental factors allow new kinds of 
selective pressures to influence acoustic signals (frequency 
bands, temporal components) for effective communication. 
Furthermore, when they live in multi-species communities they 
will face problem of inter-specific acoustic interference, thus 
effective communication might have necessitated modifications 
in the calls (Duellmann and Trueb 1986). These selective 
pressures have resulted in the diversity of advertisement calls 
that now exists among anurans.

HOW DO FROGS CROAK?

Each species of frog has its own call. The calls are made 
using a sac of stretchy skin in the throat. The frog can fill this 
sac with air making it puff up like a balloon. It then squeezes 
this supply of air through a narrow part of the throat. That 
makes a loud noise in the same way as a balloon does when the 
air empties out. The loudest calls are made by forest frogs. 

Sound is one of the most efficient long distance signals for 
frogs. They build up the energy, then the larynx opens and 
the vocal chords vibrate for just a few seconds, for example a 
loud resonant WAHK of Hylarana glandulosa. The larynx is 
positioned at the end of the trachea, supported by a pair of 
cartilaginous arcs (Figure 11). These are divided into an anterior 
pair of arytenoid cartilages and posterior cricoid cartilages 
that form a ring (Figure 12). Part of the arytenoid lining tissue 
is extended into the arytenoid valve, which modulates the 
amplitude of the sound produced. 

Another extension of the lining spans from the anterior 
membrane to insert into the cricoid cartilage, forming the vocal 
cords. It is the dilator muscles altering the tension of the vocal 
cords and the mass of the arytenoid cartilages that controls call 
frequency (Figure 12). The size, shape and mass of this structure 
vary specifically and tend to determine the dominant frequency 
(Figure 13) of sound produced.
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 Heart

 Vocal cord

 

Liver

 

Anterior 
arytenoids 
cartilages

*Vocal  
  Cord

Arytenoid 
valve

Posterior 
cricoid 
cartilages

Esophagus

Fig. 11: Dissection of the Brown marsh frog Hylarana baramica 
showing vocal cord, heart and liver structures (dissection 
by Assoc. Prof. Dr. Ahmad Hata Rasit).

Fig. 12: Diagram showing laryngeal structure and vocal 
cord(*) of the Brown marsh   frog, Hylarana baramica 
(dissection by Assoc. Prof. Dr. Ahmad Hata Rasit).
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Fig. 13: Audiospectrogram of a note from the advertisement  
  call of the Brown marsh   frog Hylarana baramica  
  showing call characteristics.

 Harmonics

Dominant
frequency

Fundamental
frequency

Pulses

3
SPECIES ACCOUNT

INTRODUCTION

A phylogeny is the evolutionary history of a group of 
entities (Harrison & Langdale 2006), which aims to describe 
evolutionary relationships (monophyletic, paraphyletic and 
polyphyletic) in terms of relatedness to common ancestry 
(Hennig 1966). Monophyletic and paraphyletic groups have a 
single evolutionary origin, where if one lineage of monophyletic 
group is removed, a paraphyletic group remains. Polyphyletic 
groups, on the other hand, results from convergent evolution, 
and characters that support the group are absent in the most 
recent common ancestor (Kitching et al. 1998). This book also 
incorporates phylogenetic relationship among the Sarawak 
Hylarana frogs inferred from partial sequence of 16S ribosomal 
mitochondrial gene that was extracted from the species itself.

Systematic studies of various genera of frogs have shown that 
species sharing morphological or biochemical attributes also 
have similar advertisement calls. For example, among African 
Bufo, the phylogenetic groups defined by morphological and 
biochemical evidences were supported by data on call structure 
(Tandy & Keith 1972; Tandy & Tandy 1976). However, Leong 
et al. (2003) revalidated Hylarana laterimaculata from the 
synonym of Hylarana baramica due to the dissimilarity of call 
advertisements, although only six morphological characters were 
different. In addition, morphologically similar groups of South 
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American Leptodactylus also have distinctive advertisement 
calls (Straughn & Heyer 1976). Straughan (1973) pointed out 
that some primitive groups of frogs have advanced types of calls 
(well developed tuning and temporal partitioning), whereas 
North American species of Rana have simple calls.

PHYLOGENETIC RELATIONSHIP OF GENUS HYLARANA

Phylogenetic analysis of 16S rRNA of mitochondrial gene 
revealed five groups (Figure 14) within the genus Hylarana in 
Sarawak (Ramlah 2009). The groups (Figure 15 (a-e)) consist of 
the generalist frogs of H. raniceps; the urban species (species that 
commensally with man) group (Hylarana erythraea + Hylarana 
nicobariensis); the rocky stream frogs of signata group (Hylarana 
signata + Hylarana picturata); the ground dweller frog of H. 
luctuosa and the swamp frogs of baramica group (Hylarana 
baramica, Hylarana glandulosa + Hylarana laterimaculata).  
The question is whether advertisement calls of these frogs are 
concordant with the phylogeny observed above. Comparison of 
call variables (Table 1) of the five species of Sarawak Hylarana 
produced Euclidean dendrogram (Figure 16) that support the 
taxonomic identity of each species and indirectly is concordant 
with the observed phylogeny as seen in Hylarana signata group 
(closely related species of H. signata and H. picturata having 
similar call characteristics (Figure 16). 

What are the call components that discriminate between 
species of Hylarana? Size of calling frog significantly affected 
call energy, fundamental frequency, dominant frequency, pulse 
duration, proportion of call duration to reach half frequency 
and also note repetition rate of a call (Ramlah et al. 2009). This 
is further supported by previous studies on the Temperate and 
Amazon frogs. For example, study on correlations between call 
characteristics and morphology in male cricket frogs (Acris 
crepitans) showed strong correlation between frog size with 
dominant frequency and note repetition rate (McClelland et al. 
1996). Note repetition rate has also shown significant difference 

among three species of hylid frogs (McLister et al. 1995). 
Previously, Lofus-Hills and Littlejohn (1971) and Straughan 
(1975) also showed that note repetition rate was the only 
component that discriminated hylids frogs.
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Fig. 14: Phylogenetic relationship of Sarawak Hylarana as  
  inferred by partial 16S   ribosomal mtDNA gene.  
  Bootstrap values are indicated above branch.
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Fig. 15a) The generalist frogs (H. raniceps), 

Fig. 15b) The urban (species commensally with man) 
frogs  (H. erythraea, and H. nicobariensis),

Fig.15c) The rocky stream frogs 
(H. signata and H. picturata)

Fig.15d) The swamp frogs 
(H. baramica, H. glandulosa and H. laterimaculata) 
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Fig.15e) The ground dweller frogs (Hylarana luctuosa)
H. laterimaculata) 

Species SVL 

(mm) 

T 
(0C) 

Dominant 
Frequency 
(kHz) 

Fundamental 
Frequency 
(kHz) 

Note 
repetition 
Rate 
(note/s) 

PulOn_ 
Peak 

Ener-0-10 
Beg 

RZ200 R 
signata 

42 33 3244 ± 
281 

1622 ± 140 0.02 9.9 ± 
8.3 

0.000158 

RZ214 R 
signata 

40 32.28 3233 ± 
487 

1616 ± 243 0.03 13.3 ± 
11.9 

0.00006271 

RZ195 R 
picturata 

53 35.9 2656 ± 
207 

1328 ± 103 0.23 8.01 ± 
6.7 

0.00158 

RZ201 R 
picturata 

48 33.29 2903 ± 
131 

1451 ± 65 0.15 26.6 ± 
14.6 

0.000406 

No31 R 
luctuosa 

49 32.43 2497 ± 
1129 

1248 ± 564 0.03 16.2 ± 
17.9 

0.00000133 

No29 R 
luctuosa 

42 32.92 2153 ± 
1457 

1076 ± 728 0.07 25.7 ± 
21.6 

0.000017 

No28 R 
luctuosa 

50 32.28 2174 ± 
739 

1087 ± 369 0.07 45.7 ± 
42.7 

0 

RZ260 R 
glandulosa 

94 33.6 1096 ± 
315 

548 ± 157 0.57 42.7 ± 
27.2 

0.000978 

RZ284 R 
glandulosa 

95 32.0 1340 ± 65 670 ± 32 0.28 33.6 ± 
12.7 

0.000578 

RZ223 R 
baramica 

58 33.51 1860 ± 
312 

930 ± 156 0.12 15.1 ± 
5.5 

0.000365 

RZ258 R 
baramica 

55 32.3 1797 ± 
352 

898 ± 176 0.1 24.7± 
9.9 

0.000648 

RZ268 R 
baramica 

48 38 1966 ± 
438 

983 ± 219 0.1 21.5 ± 
8.3 

0.000355 

Table 1.0 Comparison of selected call variables among five  
  species of Sarawak  Hylarana (Ramlah et al. 2009)
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Fig 16: Dendrogram of Euclidean distance resulting   
  from average linkage clustering using unweighted  
  pair-group (UPGMA) method on data based on   
  similarity of call characteristics of Sarawak Hylarana.  
  (Note that RZXXX (eg. RZ260) is the specimen   
  identification)

Hylarana baramica Boettger 1900
(Brown Marsh frogs)

ADVERTISEMENT CALLS OF SARAWAK 
HYLARANA




