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The earliest comprehensive work on Cavite Province’s anurans started in 1998 in Mount
Palay-Palay/Mataas-na-Gulod Protected Landscape. Annual anuran
assessments have been done in this protected area since then, but not for the entire province.
The anuran assemblages are also experiencing numerous anthropogenic threats that
could affect their diversity. The aim of the study was to determine anuran diversity, richness, and abundance in six secondary lowland forest fragments in Cavite and further
contribute to existing knowledge on Philippine anurans. Anuran surveys were conducted
from February to September 2010 by employing a combination of strip
transect sampling, time-constrained searches, visual encounter survey (VES), and acoustic encounter survey (AES). Utilizing EstimateS v.8.2, species diversity was
represented by
Shannon’s Diversity Index (H’), species richness by the non-parametric Jackknife1 and
sampling efficiency by MaoTau. Twenty-one (21)
microhabitats were identified,
and species diversity and richness were highest in riparian forests during both dry and
wet seasons. A total of 17 anuran taxa, including five
representing new records for
Cavite, were recorded. Species diversity (H´) values slightly varied and a comparison of
the MaoTau and the Jackknife1 results indicated that ca. 80-100% of the anuran species
were detected from the different forest fragments. The anuran assemblage has a high
degree of endemism (70.6%) with two yet-to-be described species, Platymantis sp. and
Kaloula sp., also known to occur in Cavite.

INTRODUCTION
The Philippine archipelago was previously thought to have a
depauperate herpetofauna, but is currently recognized as one
of the most important centers of herpetofaunal diversity and
endemism in Southeast Asia (Diesmos et al., 2002b). To date
99 (85%) of the 116 Philippine amphibian species are
endemic to the country (ACNA, 2015) (excluding the 6
introduced species and the endemicity is at 90%). However,
the amphibians and reptiles of Cavite Province’s remaining
forest fragments remained poorly known. Very few
herpetofaunal studies have been conducted in Cavite and
previous studies were limited to the area of Mount
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Palay-Palay/Mataas-na-Gulod Protected Landscape
(henceforth “Palay-Palay”). Two relevant studies were
unpublished undergraduate theses of Celis et al. (1996)
and Paloma and Panganiban (1997); however, the
aforementioned works were chiefly taxonomic.
Nevertheless, their results showed that Pulchrana similis
and Platymantis corrugatus were the most abundant frog
species in the area while Sphenomorphus spp. were the
most abundant lizard species. To date, much of the
information on the area’s herpetofauna are based on the
studies of Causaren and Lagat who conducted extensive
studies since 1998. A total of 14 anuran species
(Causaren, 2009) and 36 reptile species (23 lizards, 12
snakes, and 1 turtle; Lagat, 2009) are now known from the
protected area.
Many of Cavite Province’s remaining forest fragments are
unmanaged and continue to experience anthropogenic
pressures. Disturbances include illegal logging, road and
tunnel construction, poaching, overharvesting of resources,
slash-and-burn agriculture (kaingin), charcoal-making, and
massive quarrying (Causaren, 2012; Lagat 2012). The
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anuran assemblages of the different forest fragments are also
threatened by chytridiomycosis, a fungal disease in
amphibians caused by the chytrid fungus Batrachochytrium
dendrobatidis (Bd). Chytridiomycosis is regarded as the
greatest known disease threat to vertebrate biodiversity and
has been documented to cause massive amphibian
population declines and extinction worldwide (Wake and
Vredenburg, 2008; Skerrat et al., 2007). Mt. Palay-Palay was
found to have high prevalence and relatively high infection
intensities for Asia (Swei et al., 2011a and b; Diesmos et al.,
2009). Very little is known about the distribution and
prevalence of B. dendrobatidis in Asia although the
Philippines (specifically Mt. Palay-Palay) may represent a site
of B. dendrobatidis epidemic in this region. With all these
scenarios, this study aims to provide baseline data on species
diversity, distribution, and ecology of anurans from the
remaining forest fragments in Cavite and further contribute to
the existing knowledge on Philippine anurans.

3 cm

MATERIALS AND METHODS
Study sites: Six secondary lowland forest fragments (ca. 1–
640 ha) in Cavite Province (Figure 1, Table 1) were chosen
as study sites. These fragments are either
remnants from commercial logging activities ca. 25–45 years
ago or a direct result of land conversions for
agriculture or human settlements (Liu et al., 1993;
Tumaneng
-Diete et al., 2005). The study area is largely in lowland
with elevation ranging from 78–648 meters above sea level
(masl).
Site 1 (Buhay), which was reportedly covered by as much
as 100 ha of forest, is only covered with ca. 5 ha of forest
due to illegal logging, slash-and-burn farming (kaingin), and
most especially charcoal-making. Two forest fragments,
sites 2 (Evercrest) and 4 (Kabangaan), are privately-owned
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Figure 1: Map of Cavite (outlined in red) showing the forest fragments. Modified from Google Earth 2011.
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and are covered with secondary growth forest and experience
less disturbance compared with other fragments. Site 3
(Indang) was mainly riparian and the remaining vegetation
was located at the very steep slopes of the site. Site 5 (Mt.
Palay-Palay) is the only protected area in Cavite (Presidential
Proc. No. 1315) and is also subjected to anthropogenic pressures such as illegal logging, poaching, slash-and-burn farming, firewood gathering, harvesting of non-timber forest products, and as pasture areas. Forest cover is only a mere 16%
(Environmental Science for Social Change, 2010) from a previously reported 62.5% (DENR, 1992). Site 6 (Pintung Gubat)
was previously reported to be covered with 40 ha of forest but
only ca. one ha remains, bordering riparian habitats, due to
conversion to agricultural lands.

3 cm

Habitat classification: The habitats were arbitrarily classified
in order to determine the number of transects to be sampled
per fragment. The classification of habitats was primarily
based on how the habitat developed and classification based
on tree species composition was only secondary. Based on
the context of this study, ’agroforest’ was defined as a habitat
that was previously subjected to land-use change (e.g., illegal
logging, overharvesting, slash-and-burn (kaingin)) and other
farming activities but became reforested due to incorporation
of multifunctional trees into agricultural systems. ‘Mixed forest’
was defined as a habitat that was also previously subjected to
land-use change (i.e., illegal logging) but both natural and
artificial regeneration were carried out in the same area, with
deliberate silvicultural assistance from man. These were
usually the product of tree planting activities done by
Department of Environment and Natural Resources (DENR),
non-government organizations (NGOs), and corporations. A
‘natural forest’ was defined as a habitat that originated from
an original forest and consisted of natural immigrant tree
species and strains that have spontaneously regenerated
without interference from man. A ‘riparian forest’ was defined
as a habitat with trees and shrubs located adjacent to
streams/rivers/creeks. A ‘grassland’ was defined as a habitat
where the vegetation was dominated by grasses and other
herbaceous or non-woody plants. Grasslands were usually
parts of the forest edges of the fragments.
Number and distribution of transects: Forty-two (42)
standardized 100 x 10 m strip transects (Table 1) were
sampled during the dry season and another set of 42
transects were sampled during the wet season, giving a total
of 84 transects (representing 0.63 – 40% of the areas of
fragment). Research design followed stratified random
sampling (Diesmos, 2008) in which strip transects were
randomly placed (at least 100 m apart depending on the size
of the fragment) in all representative habitats in each forest
fragment site. For example, for site 5, 40 strip transects were
placed in 5 different habitats. Up to 2 strip transects were
sampled each night throughout the study and sampling began
immediately after sunset. Night-time sampling was done
primarily because anurans are nocturnal or active at night.
© Association of Systematic Biologists of the Philippines

Field methods: Field work was conducted from February to
September 2010 using various standard methods such as
strip transect sampling, time-constrained searches, visual
encounter survey (VES), and acoustic encounter survey
(AES) (adapted and modified from Crump and Scott, 1994;
Heyer et al., 1994; Alcala et al., 2004; Diesmos, 2008). Visual encounter surveys were conducted by walking through
a 100 X 10 m transect (transect sampling) for a prescribed
time of two hours (time-constrained searches), visually
searching for anurans. The transect line was marked at 10m intervals with numbered fluorescent flagging tapes labeled according to the transect number and point. For each
transect, two hours were spent by the same four persons to
sample all accessible microhabitats confined within. Microhabitats are specific areas within a community or habitat
occupied by certain organisms because of microdifferences in moisture, light, and other conditions like availability of nutrients, protection from predator, and possibility of
mating. Examples of microhabitats were forest floor litter,
tree holes, rock crevices, spaces between buttresses of
trees, forest shrubs, and axils of palms, epiphytes, tree
ferns, and aerial ferns. Prior to sampling, the first two points
(points 0 and 1; with a distance of 10 m) were marked and
12 minutes were spent in sampling this particular portion of
the transect, after which all anuran individuals whether
seen, heard, or caught were recorded. This was done repeatedly until all the succeeding portions of the transect
were sampled. Point sampling was done to minimize disturbance within the transect. The sampling effort was 168
hours/person.
VES was supplemented with acoustic encounter survey
where anuran species were identified by their calls (aural
identification). Male advertisement calls have been used as
a taxonomic character in the identification of frogs (see,
e.g., Brown and Alcala, 1986; Brown et al., 1997a; Alcala
and Brown, 1998). The number of anurans
encountered (by both visual and aural methods) was recorded.
All captured frogs were processed and identified to species
level, measured, classified according to sex and age, and
released at/near sites of capture. Nomenclature of anurans
followed Alcala (1986), Brown et al. (1996), Brown et al.
(1997a, b, c), Alcala and Brown (1998), Diesmos (1998,
1999, 2008), and Frost (2010). Voucher specimens of
possible undescribed taxa and those that could not be confidently identified in the field were collected and preserved
using standard preservation techniques and storage
(Pisani, 1973; Heyer et al., 1994). Prior to specimen
preservation, liver tissue samples were preserved in 95%
ethanol in tissue tubes for future studies. Voucher specimens and liver tissue samples were deposited in the Herpetology section of the Philippine National Museum, Manila
City.
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*Data for forest cover are estimates.

Table 1. Description of the study sites with biogeographic and ecological variables. *
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Data Analysis: The Shannon–Wiener index (H′; Shannon,
1948) was used to represent anuran species diversity (Dixo
and Martins, 2008; Diesmos, 2008; Magurran, 2004). Species
richness is the most commonly used biodiversity indicator in
conservation and ecological research (Gaston, 1996). Species richness of each forest fragment was
determined
by using the estimator Jackknife1 (Jack1;
Stigler, 1977)
which is considered to be a robust estimator of species richness (Mallari, 2009; Hortal et al., 2006; Veith et al., 2004). In
order to describe the relationship between sampling effort and
sampling success, rarefaction (species accumulation curve
i.e., Mao Tau) analysis (Gotelli and Colwell, 2001) was employed (Mallari, 2009; Diesmos, 2008; Loehle et al., 2005).
This was done to determine the number of species3 that
cm were
overlooked due to incomplete detection. Rarefaction estimates the number of species from a given sample of point
transects based on multiple random sampling and would
show if the fragments have been
sampled representatively. Species richness estimates and accumulation curves
(sample-based rarefaction curves) were calculated (500 randomizations without replacement) using the EstimateS v.8.2
(Colwell, 2009). Data from non-random searches/overall collection were only considered to note overall species diversity
but were not used in the
computation of species richness
and abundance. Faunal similarity among the fragments and
among mountains of southern Luzon was computed using the
Sørensen’s
similarity index (S; Sørensen, 1948). Species
abundance was computed by getting the quotient of number
of individuals of a species and total number of individuals multiplied by 100.

RESULTS
Species Diversity and Endemism: A total of 2499 individuals
representing four families, eight genera, and 17 species was
recorded from the forest fragments and matrix habitat (Table
2). Five species (Kaloula conjuncta conjuncta, Platymantis
luzonensis, and Sanguirana luzonensis) are new records from
Cavite Province including two undescribed species currently
known only to occur in Cavite (Platymantis sp. and Kaloula
sp.) (Figure 2). The anuran assemblage in the study area has
a high degree of endemism. Twelve (70.6%) of the 17 species
are endemic to the Philippines and of these endemics, eight
(67%) species are confined only to Luzon biogeographic
region. Five species are included in the global list of near
threatened fauna (Table 2, IUCN 2010), most of which inhabit
riparian forests.
A comparison of the expected number of species observed
(Mao Tau) to the species richness (Jackknife1) indicated that
ca. 80-100% of the anuran species were detected from the
different forest fragments (Table 3). From among the forest
fragments, Mao Tau and Jackknife1 were highest in
Kabangaan fragment followed by Palay-Palay and lowest in
Evercrest Forest Reserve. Comparing Mao Tau and
© Association of Systematic Biologists of the Philippines

Jackknife1 values across habitats showed riparian forest
areas were richest in terms of species in all fragments with
such habitat. This again shows the dependence of anurans
on water. Species diversity (H´) values slightly vary among
the fragments except Evercrest which had the lowest value
of only 0.84.
Similarity of Anuran Communities in Different Fragments:
Data indicate that a certain degree of affinity exists among
the anuran fauna of these fragments in that they share an
endemic species, P. mimulus. P. mimulus was shown to be
more tolerant to habitat disturbances compared to other
Platymantis spp. (Causaren 2012). Among the forest
fragments, Kabangaan is most faunistically similar to Mt.
Palay-Palay by sharing 74% of its species and six endemic
species (Table 4). In addition among the endemic species,
P. luzonensis is restricted only to these fragments.
Kabangaan fragment also harbors three unique endemic
species, Kaloula sp., K. c. conjuncta, and S. luzonensis and
represents new records from Cavite Province. Two
endemic species, on the other hand, are restricted only to
Mt. Palay-Palay: Platymantis sp. and P. similis. Among the
fragments, Buhay, Indang, and Pintung Gubat shared ≥80%
of their species and shared three endemic species, L.
macrocephalus, L. woodworthi, and P. mimulus. On the
other hand, Palay-Palay, Kabangaan, and Buhay shared
≥70% of their species and shared four endemic species.
Evercrest forest appeared to be the least faunistically
similar to all fragments.
Habitat Distribution: Based on data from five habitats,
species diversity (H′) and mean species richness values
were highest in riparian habitats while H′ values for the
remaining four habitats slightly varied (Table 5). The same
trend was observed during the dry and wet seasons with
riparian forests having the highest H′ values (Tables 6 and
7). However, species diversity is higher in riparian forests
during the wet season. During the wet season also, H′ value in grassland was higher compared to the dry season but
species diversities in agroforest, forests, and mixed forests
were lower as compared to the dry season. During the dry
season, most species (16 species were found in riparian
forests. Data suggest that as an adaptation to dry season,
terrestrial species migrate towards riparian areas to protect
themselves against desiccation.
Microhabitat Distribution: Twenty-one (21) microhabitats
were identified and a large proportion (47.6%) of anurans
occurred only in ‘forest floor litter’ (Table 8). Among the
inhabitants of forest floor litter, Platymantis spp. had the
highest occurrence (96.1%) with P. mimulus having the
highest degree of occurrence of 60% followed by P.
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Table 2. Summary information on life history and some ecological traits of the anurans from the different forest fragments.

Ecological status (in boldface = Philippine endemic, ** = Luzon endemic, + = introduced); mode of life, ML (1 = terrestrial, 2 = aquatic and terrestrial, 3 = arboreal, 4 = semi-arboreal) was based from Alcala and Brown (1998) and Diesmos
(1998, 1999, 2008); habitat, HA (1 = agroforest, 2 = forest, 3 = grassland, 4 = mixed forest, 5 = riparian forest) was
based from this study; and red list category, RL (1 = least concern, 2 = near threatened) was based from IUCN (2010).

dorsalis with 30%. All Platymantis spp. recorded from the
study area are forest floor dwellers except for P. luzonensis.
Among the Platymantis spp., P. mimulus also had the widest
microhabitat distribution occupying 17 (81%) of the 21
microhabitats. This may be one of the reasons behind the
success of this species in adapting to its environment making
it also the most abundant among the anuran species.

Four microhabitats are known to have important functions in
the life history of amphibians: diurnal shelter, calling site,
breeding site, and oviposition site (Diesmos, 1998; Inger and
Stuebing, 1997; Crump, 1982; Heatwole, 1982). Diurnal
shelters are microhabitats where nocturnal species retreat
into during daytime protecting anurans from predation and
desiccation. Microhabitats where male frogs call and
mate with females (amplexus or ‘copulatory embrace’) are
known as calling and breeding sites while egg-laying and
deposition take place in oviposition sites.
© Association of Systematic Biologists of the Philippines

Forest floor litter appeared to be the most important diurnal
shelter for all species of Platymantis except P. luzonensis.
Majority of the aquatic ranid frogs such as H. erythraea, P.
similis, L. macrocephalus, L. woodworthi and O. laevis hide
under rocks in streams. During the wet season, individuals
of O. laevis and L. woodworthi take advantage of temporary
puddles in grassland areas. Species of the genus Kaloula
were found mostly on soil, under the sand, and in forest
floor litter. Of the rhacophorids, the diurnal shelter of P.
leucomystax appeared to be shrubs and bamboos. Most
individuals of R. pardalis were observed on aroids, on tree
stems/trunks and on shrubs.
In relation to calling and breeding sites, most anuran
species called in choruses which means that they can
coexist in a common habitat. No anuran eggs were
observed during the study except those belonging to the
arboreal tree frogs that produced their foam nests.
Vol. 10 |
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Table 3. Species richness estimates (Jackknife1) and diversity (H′) in each forest fragment based on non-parametric estimators in EstimateS. Shown also are the number of species observed (Mao Tau) in each fragment and the survey effort measured as to the number of transects per fragment.

Table 4. Faunal similarity indices of the different forest fragments. Number of species common to fragments inside
parenthesis (common to both, endemics).

Table 5. Species richness estimates (± SE) and diversity (H') in different habitats (based on non- parametric
estimators in EstimateS) pooled for both wet and dry season. Shown also are the number of species observed (Mao Tau) in each
habitat type and the survey effort measured as to the number of transects per habitat type.

Table 6. Species richness estimates (± SE) and diversity (H') (based on non-parametric estimators in EstimateS) in different habitats during the dry season. Shown also is the number of species observed (Mao Tau) in each habitat type.

© Association of Systematic Biologists of the Philippines
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Figure 2. Five species which are new records for the province of Cavite includes A. Kaloula conjuncta conjuncta; B. Kaloula
sp.; C. Platymantis sp.; D. Platymantis luzonensis ; E. Platymantis mimulus shared by all fragments; and F. Sanguirana
luzonensis. Photos by Rubie Maranan Causaren.
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Table 7. Species richness estimates (± SE) and diversity (H') (based on non-parametric estimators in EstimateS) in different habitats during the wet season. Shown also is the number of species observed (Mao Tau) in each habitat type.

DISCUSSION
Data on the anuran species inhabiting the remaining forest
fragments of Cavite significantly contribute to the existing data
for the Philippines. Two fragments, Mt. Palay-Palay and
especially the small fragment of Kabangaan, harbor a number
of endemic species. In terms of diversity and endemism, Mt.
Palay-Palay is now considered an important area not only for
anurans but also for reptiles (Lagat, 2009, 1999) and birds
(Mallari et al., 2001). The same case could be true to
Kabangaan forest fragment. Available data on anuran richness show that the anuran assemblages of Mt. Palay-Palay
(16 species) and Kabangaan (15 species) are comparable to
other mountains/areas of Luzon: Babuyan Islands (7 species;
Broad and Oliveros, 2004); Zambales (13 species; Brown et
al., 1996), Catanduanes (13 species; Ross and Gonzales,
1992), Mindoro (13 species; Alviola et al., 1998, Ticsay and
Ledesma, 1998), Palawan (14 species; Alcala and Diesmos,
2008; Baldera et al., 2004; Peneyra, 2004; Brown, 1998),
Polilio (20 species; Diesmos et al., 2002a; Hampson, 2001),
Maquiling (22 species; Diesmos, 1999, 1998; Alcala and
Brown, 1998), Cordillera (23 species, Diesmos et al., 2003),
Banahao (25 species; Diesmos, 1999, 1998; Alcala and
Brown, 1998), and the Sierra Madres (25 species; Diesmos,
2008; Duya et al., 2004; Brown et al., 2000b).

The remaining forest fragments of Cavite also represent
crucial habitats for five Luzon endemic anuran species ( P.
similis, L. macrocephalus, P. luzonensis, P. mimulus, and S.
luzonensis) listed as near threatened by the IUCN (2010).
Among the fragments, P. similis was found only in Mt. PalayPalay and was reported to have relatively high
chytridiomycosis infections (Swei et al., 2011 a and b). Mt.
Palay-Palay is already on the watch list, as it could be the
possible epidemic center for chytridiomycosis in Asia. On the
other hand, S. luzonensis was found only in Kabangaan forest
fragment making it a very important area for conservation.
Aside from supporting P. luzonensis (which was not found in
other fragments), two possible Cavite endemic species are
currently known to occur in these two fragments. These were
© Association of Systematic Biologists of the Philippines

Platymantis sp. and Kaloula sp. from Mt. Palay-Palay and

Kabangaan, respectively. The other fragments also provide
important habitats for other near threatened species such
as L. macrocephalus and P. mimulus. Thus, conservation
of Cavite’s remaining forest fragments is highly warranted
as they provide crucial habitats for the survival of our native
and endemic anuran species and especially that these
fragments are subjected to different anthropogenic
pressures (Arsenio et al., 2011; Causaren, 2009; Lagat,
2009; Luyon and Medecilo, 2006; Mallari et al., 2001).
Species richness was highest in riparian areas for both dry
and wet season. Results conform with the knowledge that
riparian habitats often have high species diversity (Green,
2007; Zaimes, 2007;
Pusey and Arthington, 2003;
Brigham, 1993; Bunnell and Dupuis, 1993; Guppy, 1993;
Poulin, 1993; Weir, 1993) indicating dependence of
anurans on water bodies. Number of individuals was also
highest in riparian habitats during dry season and in natural
forests during the wet season. This may be due to that
microclimatic conditions of riparian areas may not suffer
drastic variations during the dry season (De Souza and
Eterovick, 2010; Dixo and Martins, 2008; Kluber et al.,
2008). It clearly shows that riparian areas should be
protected and conserved because they are very crucial in
maintaining microclimates and provide critical microhabitats
for amphibians and other vertebrate taxa as well.
The availability of microhabitats plays vital roles in the life
histories, abundance, and distribution of anurans. In this
study, anuran distribution is mainly dictated by their mode
of life, i.e., ground-dwelling species tend to prefer terrestrial
microhabitats while arboreal ones mainly use arboreal microhabitats. Though predominantly terrestrial, Platymantis
spp. (particularly P. dorsalis and P. mimulus) and Kaloula
sp. were observed in arboreal situations where they ‘called’
their mates. Most anurans also occupied discrete microhabitats and appeared to be ‘specialists’ to certain microhabitats. This is specifically true for Kaloula spp., P. corrugatus and P. luzonensis. Even if this is the case, different
Vol. 10 | 71
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Table 8. Microhabitat distribution of anurans.

anuran species were able to co-exist with one another by
sharing similar and related microhabitats.
The remaining forest fragments of Cavite, especially
Kabangaan and Palay-Palay, are vital for the protection and
conservation of many of our native and endemic anuran
species. This study also highlights the importance of
conserving riparian areas because they are very crucial in
maitaining microclimates and microhabitats which play vital
roles in the life histories, abundance, and distribution of
different anuran species.
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