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Abstract

An intensive anuran survey was conducted using cruising and mark-release-recapture methods for a total of 168 man-hours on April 28
to 30,2017 at Barangay Calaitan, Andanan Watershed, Bayugan, Agusan del Sur. The study aimed to record and statistically define anuran
species populations in three types of water systems (streams and creeks, the river of Calaitan, and Lake Danao) with notes on habitat
association; and to provide additional baseline data to the existing records of Mindanao amphibian fauna. A total of 141 individuals of
anurans belonging to eleven species and seven families were recorded, of which 73% were Philippine endemics, and 36% were Mindanao
faunal endemics. Only Megophrys stejnegeri was regarded as vulnerable and Limnonectes magnus as near threatened by IUCN 2016. The
diversity of anurans was highest in Lake Danao (H’ = 1.69, S = 7, n = 54) followed by anuran diversity in the Calaitan river (H = 1.40, S
=7,n=42),and in the streams and creeks (H’ = 1.30, S = 6, n = 43), with no significant difference (p = 0.9167). However, anuran species
composition differd between sites (p = 0.038). Microhabitat overlap was observed in anuran preferences since many of the encountered
species utilized both aquatic and terrestrial microhabitats. An ordination biplot (canonical correspondence analysis) revealed two habitat
types, wherein M. stejnegeri and Platymantis dorsalis were associated with humidity, canopy cover, moss percentage, rock percentage and
distance to disturbance. Philippine endemic species were closely associated with forest habitats. However, the presence of forest clearings
for cultivation was an indicator of forest degradation. The high degree of endemism and presence of threatened taxa indicated a need for

conservation intervention since anthropogenic activities were evident even in highlands of the protected area.

Key words: anurans, distribution, keystone species, Mindanao-endemic, forest-associated.
Abbreviations: FL, forelimb length; HL, head length; HW, head width; LL, leg length; masl, meters above sea level; SVL, snout to vent

length; TW, total weight.
Introduction

The Philippines sits at the undisputed top regarding
concentration of endemic vertebrate species (Brown,
Diemsos 2009). Extensive research conducted in the
Philippines placed the country as a significant center of
amphibian diversity and endemism (Diesmos, Brown
2011). However, in greater Mindanao survey efforts are
incomplete, and much of the remaining forest area is
deficient for herpetofaunal data. The greater Mindanao is
one of the nine recognized Pleistocene Aggregate Island
Complexes, as hypothesized by Heaney (1985), which
correspond to centers of herpetofaunal diversity and
endemism.

There are 112 amphibians recorded in the Philippines
(Diesmos et al. 2015), of which three species are caecilians,
and 109 species are anurans,and more than 80% are endemic
to the Philippines (Diesmos, Brown 2011). Amphibians
occupy different habitats (aquatic and terrestrial) during
their lifecycle, feed on various food sources (Whiles et al.
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2006), and are essential prey to higher forms of organisms
(Petranka, Murray 2001). They are regarded as good
indicators of environmental stress (Blaustein, Wake 1995)
and are keystone species. Despite their significance, the
amphibian species populations have experienced global
declines (Prieto, Juricic 2005). Amphibians are susceptible
even to minor forest degradation (Ernst et al. 2006). Forest
degradation and fragmentation can affect amphibian site
fidelity and can limit dispersal ability (Marsh, Pearmann
1997). This threat highlights the importance of maintaining
intact forest blocks (Ernst et al. 2006).

The Andanan River Watershed Forest Reserve supports
potable drinking water and irrigation for Bayugan, Sibagat,
and other areas of Agusan del Sur. The watershed is protected
under Proclamation No. 734, S. 1991 (PENRO Agusan del
Sur 2016). However, few studies have been performed
within its range (only mere counts and identifications)
and no thorough scientific studies have been conducted
primarily on keystone amphibians, and more specifically
anurans. Thus, anuran assessment and habitat association
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within the water systems of Andanan Watershed, Agusan
del Sur was undertaken to compare biodiversity indices of
anurans in three water systems, provide species accounts
for each anuran species encountered, and assess the habitat
association of anurans in the area.

Materials and methods

The study area

The Andanan Watershed Forest Reserve extends through
the areas of Bayugan City and Sibagat and has a total
area of 15 097 ha. Cultivated and secondary growth forest
characterizes the watershed. The sampling was conducted
in the forest of Barangay Calaitan, Bayugan City, Agusan
del Sur. The water systems within the watershed were
categorized into three types: Calaitan river, the streams and
creeks, and Lake Danao (Fig. 1).

Site 1: Calaitan river (8°45°59.6232” N, 125°46’46.6392”
E). The Calaitan river is part of the Andanan Watershed
Forest River as this river drains towards the watershed. The
elevation ranges from 109 to 140 meters above sea level
(masl). The riparian zone of the river is characterized by a
dense combination of shrubs, ferns, and grasses. Boulders
and rocks are abundant along sides, and some obstruct the
water flow. The width of the river bed varies between 5 to
10 m. Since streams and creeks located at higher elevation
drain towards the river, the river flows sometimes fluctuate
from a slow to fast water velocity, especially during rain
periods when all the water from the forest empties into the
river.

Site 2: streams and creeks (8°45’54.3528” N,
125°46’48.4176” E). The streams and creeks of the area
are located within 116 to 183 masl. Cultivated areas
adjacent to the water systems include plantations of falcata
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(Paraserianthes falcataria), coconut (Cocos nucifera),
banana (Musa spp.), cassava (Manihot esculenta), and
eggplant (Solanum melongena). Streams and creeks are
narrower and shallower compared than the river. Water
velocity is faster with a less turbid stream bed. Several
water pipes were ends have been placed in the streams and
creeks, indicating that they are sources of water for the local
communities.

Site 3: Lake Danao (8°47°0.5352” N, 125°46’42.798”
E). Lake Danao is surrounded by a cultivated plantation
of falcata, banana, and corn (Zea mays) with patches of
secondary growth forest. The elevation of the water system
ranges from 193 to 290 masl. Grasses and sedges dominate
the riparian zone. Water inundation along the immediate
riparian zone usually occurs during extended periods of
rain. Tilapia is cultured in some parts of the lake as a source
of food and income. Locals report that “pagpanulo,” a local
term for amphibian harvesting for food consumption,
occurs frequently.

Anuran survey

Cruising and mark-release-recapture methods were
employed in each sampling site in a standardized strip
transect of 10 x 100 m (Supsup etal.2016). Six strip transects
were placed in each site with a distance of 50 m, and each
transect was divided into 10 points for habitat assessment.
A total of 18 transects with 198 points were established.
Actual field sampling was conducted with diurnal (8:00 to
12:00), and nocturnal (18:00 to 22:00) searches on April
28 to 30, 2017 with a total of 168 man-hours (seven field
workers x 8 h / day x 3 days). Microhabitat preferences of
anurans were noted. The microhabitats were classified into
three types: Type I or arboreal if anurans were observed
in above ground vegetation; Type II or aquatic, if anurans

Legend:
Sampling Stations

@ i

Fig. 1. Map of the sampling stations showing the study sites in Barangay Calaitan, Andanan Watershed Forest Reserve. Inset left: map
of the Philippines (upper) and map of Bayugan City (bottom); inset right: lake study sites (upper) and river and streams study sites

(bottom).
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were found on rocks in the water system; and Type III or
terrestrial, if anurans are seen directly on the ground or
among leaf litter (Plaza, Sanguila 2015). Morphometric
measurements [snout to vent length (SVL), head width
(HW), head length (HL), forelimb length (FL), leg length
(LL), and total weight (TW)] were performed, coupled
with detailed photo documentation. Statistical analysis was
done using the freeware Paleontological Statistics software
version 2.17c. A Wildlife Gratuitous Permit was secured
before the survey with permit number R13-2017-10.

Results and discussion

Habitat type composition and characteristics

Three types of water systems were identified within
Barangay Calaitan, Andanan Watershed, Agusan del Sur,
which includes the Calaitan River, the streams and creeks,
and Lake Danao. Each water system included a transition
between cultivated and secondary growth forest (Table
1). The environmental variables of the area had a direct
relationship to amphibian abundance and microhabitats.
Percent canopy cover was slightly higher in Lake Danao
(compared to other areas) but cultivated falcata composed
this dense canopy. Mosses and rocks were observed in the
area. Ground cover composed of several kinds of grass,
sedges, weeds, ferns, and shrubs was 10 to 92%. The thick
leaf litter of Lake Danao provided hiding places for several
terrestrial and aquatic anurans. Overall distance of recorded
individuals to water varied between a zero to at most 500
meters perpendicular to the water. The further records
from water were for a forest dwelling anurans. Lake Danao
was much more accessible than the other water systems
as the terrain was flat, leading to greater disturbance rate
in the area. The temperature at night during the intensive
sampling varied between 28 and 30 °C with a relative
humidity of 93 to 96%.

Principal component analysis was conducted to examine
the interrelationships of the environmental variables
recorded at the sampling stations. The Calaitan River
(upper right corner) had high percentage of rocks, high

Anurans within water systems of Andanan Watershed, Philippines

temperature, low distance to water system and disturbance.
Lake Danao (upper left corner) had high percentage of
ground cover and the thickest litterfall, providing many
hiding places for anurans and most especially reptiles. The
stream area had high moss and canopy cover, typical of a
forest habitat; several dipterocarps were observed in the
area, but patches of falcata plantation occurred (Fig. 2).

Anuran community, endemicity, and microhabitats

A total of 141 individuals of anurans belonging to 11 species
and seven families were recorded in the study area (Table
2). This study is the first to report species composition of
anurans in the Andanan Watershed Forest Reserve. Seventy-
three percent of the anurans species were endemic to the
Philippines, and 36% were Mindanao faunal endemics
(Limnonectes magnus, Megophrys stejnegeri, Kalophrynus
pleurostigma, and Pulchrana grandocula). Dicroglossidae
was the most species-rich family. There were two invasive
and introduced species observed: the commercially edible
Hoplobatrachus rugulosus and the failed biological control
agent, Rhinella marina (Fig. 3).

Three socio-economically important anurans were
documented in the study area: L. magnus (locally known
as “bak-bak”), H. rugulosus (locally known as “bullfrog”)
and Fejervarya vittigera. M. stejnegeri was listed by the
IUCN (2016) as a vulnerable species because of the limited
area occupied (Mindanao Fauna) and its microhabitat
preference (only observed in streams and ground at high
elevation). Fejervarya moodiei was listed as Data Deficient
because its population status was currently unknown. Most
of the species encountered were least concern species (73%)
of the IUCN (2016).

Sanguila et al. 2016 recently summarized the known
herpetofauna of Northeastern Mindanao and recorded 40
species of amphibians. Of these records, 27.5% were noted
in Andanan Watershed. It is interesting to note that in our
survey one species (E moodiei) is a new record for Agusan
del Sur, since there were no historical records of this species.

Anuran species composition was also surveyed in
nearby watersheds. Thirteen species of anurans were

Table 1. Habitat characteristics of selected variables within the water systems of Andanan Watershed, Agusan del Sur, Philippines

Habitat variables Range Mean + SE

Calaitan river Streams and creeks Lake Danao
Canopy cover (%) 5.00 - 80.00 30.00 £9.22 30.45 £ 8.16 33.33 £9.89
Moss (%) 0.00 - 30.00 10.00 + 4.28 8.56 £ 2.74 3.17 £0.91
Rock (%) 5.00 - 50.00 26.67 £ 7.49 16.06 = 6.64 1.17 £ 0.83
Ground cover (%) 10.00 - 92.00 46.67 £ 12.30 60.68 + 14.46 66.67 £ 9.89
Leaf litter depth 1.00 -5.00 2.33 £ 0.67 1.33£0.13 4.67 £0.21
Distance to water system (m) 0.00 — 500.00 5.83 +0.83 162.80 + 96.31 4.83 £0.75
Distance to disturbance (m) 2.00 - 150.00 10.83 + 3.00 32.23 + 23.69 6.33 £1.20
Temperature (°C) 28 - 30 30 28 29
Humidity (%) 93 - 96 93 96 96
Habitat type Cultivated habitat and secondary growth forest
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Fig. 2. Principal component analysis (PCA) of the sampling stations in relation to the habitat variables measured within the water
systems of Andanan Watershed, Agusan del Sur. GC, ground cover; LLD, leaf litter depth; Humd, humidity; Temp, temperature; DWS
distance to water system; R, rock; DD, distance to disturbance; M, moss; CC, canopy cover.

recorded in Bega Watershed, Prosperidad with seven
endemic species (54%) and one Mindanao island endemic,
M. stejnegeri (Calo, Nufieza 2015). Survey of Mt. Magdiwata
Watershed Forest Reserve, yielded 12 anuran species with
relatively moderate endemism (50%) (Jacosalem 2005).
The recorded endemicity in the area was high compared to
nearby watersheds.

Several species utilized two of the three types of
microhabitats considered in the study (Table 2). Of the
eleven species recorded only four were encountered in all
sites: R. marina, L. magnus, P. grandocula and Polypedates

leucomystax. The introduced, invasive species, R. marina
(12.77%) was observed in all types of water systems,
particularly in transects near human settlements and
agricultural areas. It was found on the ground and leaf litter
microhabitats. Platymantis dorsalis was the only species
observed in the thick litterfall of the ground microhabitat
(Type III). This cryptic species utilizes detritus of the
forest floor (Alcala, Brown 1998), and thus prefers living
on the ground (Calo, Nufieza 2015). E moodiei (4.26%)
and E vittigera (5.67%) utilized aquatic and terrestrial
microhabitats of disturbed areas. These amphibian species

Table 2. Microhabitat preference, abundance and relative abundance (in brackets, %) of anurans within the water systems of Andanan
Watershed, Agusan del Sur during the sampling period. Microhabitat types: I, arboreal; II, aquatic; III, terrestrial

Species River Streams and creeks Lake Total
I II 111 I II 111 1I 111
Rhinella marina 0 0 5 0 0 5 0 8 18
(27.78) (27.78) (44.44) (12.77)
Platymantis dorsalis 0 0 0 0 0 1(100) 0 0 1(0.71)
Fejervarya moodiei 0 1 0 0 0 0 5 6 (4.26)
(16.67) (83.33)
Fejervarya vittigera 0 0 0 0 1(12.5) 0 5(62.5) 2(25) 8(5.67)
Hoplobatrachus rugulosus 0 1 (100) 0 0 0 0 0 0 1(0.71)
Limnonectes magnus 0 11 7 0 7 4(8.33) 12 (25) 714.58) 48
(22.92)  (14.58) (14.58) (34.04)
Megophrys stejnegeri 0 0 0 0 15 7 0 0 22
(68.18) (31.82) (15.60)
Kalophrynus pleurostigma 0 0 0 0 0 0 0 3(100) 3(2.13)
Kaloula conjuncta meridionalis 0 0 2 (100) 0 0 0 0 0 2 (1.42)
Pulchrana grandocula 0 9 (50) 5 0 2 1(5.55) 1(5.55) 0 18
(27.78) (11.11) (12.77)
Polypedates leucomystax 1(7.14) 0 0 2 0 0 8 0 3(21.43 14
(14.29) (57.14) (9.93)

162



q

Non-Endemic

A

® Introduced Species
® Philippine Endemic

® Mindanao Endemic

Anurans within water systems of Andanan Watershed, Philippines

9% 9%
”

Vulnerable
®m Near Threatened
» Least Concern

Data Deficient

Fig. 3. The distribution status (A) and IUCN conservation status (B) of the recorded anurans during the sampling period.

were commonly encountered in all forms of standing water
(Alcala 1986) in the lowland agricultural areas (Brown et al.
2013). The only species found in the flooded area adjacent
to the river was H. rugulosus (0.71%). L. magnus, a near
threatened species, was seen in all sites and encountered
in type II and type IIT microhabitats and was the most
abundant species recorded (34.04%). Three individuals of K.
pleurostigma were consistently encountered on the ground
and on detritus of the forest floor. M. stejnegeri (15.60%)
and P. grandocula (12.77%) were frequently encountered on
rocks of swiftly moving water in lowlands and at montane
elevation, in forest rivers, streams, and ponds (Alcala et al.
2012). The Mindanao endemic, M. stejnegeri, was common.
This species has a wide range of ecological tolerance
(Sanguila et al. 2016). The species was also encountered in
disturbed sampling sites of the Andanan Watershed Forest.
Individuals of P. leucomystax (9.93%) were encountered in
both Type I and Type II microhabitats and found perching
on banana leaves and dead corn husks in cultivated areas.

Biodiversity indices and similarity measures across stations
Species composition differed between types of water
systems (Table 3). Among the 11 anurans species recorded
in the study, seven were encountered in the river and lake.
Lake Danao harbored the highest number of individuals (n
= 54). Species diversity was highest in Lake Danao (H’ =
1.69), followed by the Calaitan river (H’ = 1.40) and lastly,
in streams and creeks (H’ = 1.30). Populations of anurans
were evenly distributed with no species dominating the
area.

According to Water Notes (2000), riparian zones with
high plant diversity and productivity provide diverse and
abundant habitat to animals. The high species diversity

recorded in the area was due to minimal disturbance. The
area was declared protected under Proclamation No. 734,
S. 1991 (PENRO Agusan del Sur 2016). However, several
patches of forest areas had been converted to cultivated
areas, like falcata plantation and several plantations of crop
plants, which threaten the habitat of these anurans.

The lake had the higher number of individuals and
species, but this does not imply that only the lake should
be protected, since all types of the studied water systems
supported different species of anurans. Amphibians require
specific and unaltered habitat types for survival (Graeter
2005), and thus no one habitat is suitable for all amphibian
species.

There were no anurans captured (although there were
calls heard) in transects 1 and 2 (the first two transects in
the stream) probably because the transects were located
adjacent to cultivated areas and beside a very steep terrain
that hindered the collection effort (Fig. 4A). H. rugulosus
and P, dorsalis were encountered in only one transect. L.
magnus was recorded in almost all of the transects surveyed
(14 out of 18 transects).

The species composition and the number of individuals
varied among the different water systems (Fig. 4B). The
cluster analysis showed two groups, one included the stream
and the other grouped together the lake and river. Similarity
between these was 0.44. Most of the species observed in the
lake were also found in the river (P. grandocula, L. magnus,
R. marina, P. leucomystax, F moodiei, and F vittigera),
which explains why these habitats clustered together. Two
amphibian species (M. stejnegeri and P. dorsalis) caused the
difference between communities of the streams and other
water systems.

ANOVA indicated no significant difference between

Table 3. Anuran diversity indices of the sampling sites within the water systems of Calaitan, Andanan Watershed, Agusan del Sur during

the sampling period
Biodiversity indices Sampling sites Total
Calaitan river Streams and creeks Lake Danao
Species richness (S) 7 6 7 11
Abundance 42 43 54 141
Species diversity (H’) 1.40 1.30 1.69 1.92
Species evenness (E) 0.58 0.61 0.78 0.62
Species dominance (D) 0.31 0.35 0.22 0.19
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Fig. 4. Seriation analysis of anurans in 18 transects established within the study area (A) and cluster analysis using Bray-Curtis similarity
matrix between the three water systems of Andanan Watershed, Agusan del Sur (B). R, river; S, stream; L, lake.

water systems (F = 0.0874, P = 0.9167); the number of
individuals and species richness were similar between
water systems. However, the habitats significantly differed
in species composition (F = 2.461, P = 0.0376). Indicating
the extreme abundance of L. magnus was very abundant
in all sites. P. dorsalis, H. rugulosus, K. pleurostigma and
K. conjuncta meridionalis had the lowest number of
individuals.

Species accounts

The species accounts provide descriptions of the anurans
recorded in the study area. Images of the collected species
are given in Fig. 5.

Rhinella marina (Linnaeus, 1758); Bufonidae

Rhinella marina (cane toad) is an introduced species
common in residential and agricultural areas throughout
the Philippines (Brown et al. 2012). It is regarded as a
least-concern species of the [UCN (2016). The species was
observed in terrestrial microhabitat of disturbed areas.
Average morphometrics of the individuals encountered
were as follows: SVL = 124.67 mm, HL = 26.3 mm, HW =
33 mm, FL = 54 mm, LL = 47 mm and TW = 25 g. Snout to
vent length ranged between 100 to 150 mm.

Platymantis dorsalis (Dumeril, 1853); Ceratobatrachidae
Platymantis dorsalis (Common Forest Frog) utilized
terrestrial microhabitats. It is s Philippine endemic and a
least concern species. Only one individual was observed
on thick litterfall of the forest floor in the stream area. P
dorsalis is distributed throughout the Philippines. This
species inhabits both undisturbed and disturbed lower
montane and lowland forest habitats (IUCN 2016).

Fejervarya moodiei (Taylor, 1920); Dicroglossidae

Fejervarya moodiei is a Philippine endemic and is regarded
as “Data Deficient” by the IUCN (2016). The slight dermal
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flap on tarsus is a distinguishing character between FE
moodiei and E vittigera. The average morphometrics were:
SVL =63 mm, HL = 16 mm, HW = 19.5 mm, FL = 13 mm,
LL = 31 mm and TW = 10 g. Snout to vent length ranged
between 48 to 70 mm.

Fejervarya vittigera (Wiegmann, 1834); Dicroglossidae
Fejervarya vittigera, commonly known as the common
pond frog, was numerously observed around the riparian
zone of Lake Danao. E vittigera is a Philippine endemic and
a least concern species. Stagnant water, pools and muddy
substrate also served as microhabitats of these species.
Specimens were also collected by Devan-Song and Brown
(2012) in puddles along the muddy road in the Subic Bay
Area and low and highly disturbed areas with standing
water (Brown et al. 2013). Average morphometrics were as
follows: SVL = 63.67 mm, HL = 16.67 mm, HW = 19.5 mm,
FL = 13.67 mm, LL = 32.67 mm and TW = 10 g. Snout to
vent length ranged between 48 to 70 mm.

Hoplobatrachus rugulosus (Wiegmann, 1834);
Dicroglossidae

Hoplobatrachus rugulosus (East Asian bullfrog, Chinese
edible frog) is one of the five invasive alien species found in
the Philippines (Diesmos et al. 2006), along with R. marina.
It is a least concern species (IUCN 2016). H. rugulosus was
introduced in the Philippines for commercial farming. This
species was highly invasive through repeated episodes of
anthropogenic introductions (Diesmos et al. 2006). Average
morphometrics were: SVL = 101 mm, HL = 24 mm, HW =
26 mm, FL =32 mm, LL = 37mm and TW = 15g.

Limnonectes magnus (Stejneger, 1910); Dicroglossidae

A high abundance of Limnonectes magnus (giant Philippine
frog) was encountered in the area. This near-threatened,
socio-economically important, and Mindanao faunal
endemic amphibian was encountered in aquatic and
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Fig. 5. Some species of anurans within the water systems of Andanan Watershed, Agusan del Sur, Philippines. A, Rhinella marina; B,
Fejervarya moodiei; C, Fejervarya vittigera; D, Limnonectes magnus; E, Megophrys stejnegeri; ¥, Pulchrana grandocula; G, Polypedates
leucomystax; H, Kaloula conjuncta meridionalis; 1, Kalophrynus pleurostigma; J, Hoplobatrachus rugulosus. Photos by C.L. Solania.

terrestrial microhabitat. Overharvesting of this species
for food consumption was perceived as a threat to the
population of this species. Average morphometrics were:
SVL = 65.03 mm, HL = 17.87 mm, HW = 21.57 mm, FL =
19.03 mm, LL = 32.77 mm and TW = 11.17 g. Snout to vent
length ranged between 45 to 91 mm.

Megophrys stejnegeri (Taylor, 1920); Megophryidae
Megophrys stejnegeri (Mindanao horned frog, Southeast
Asian horned toad) was abundantly observed in the stream

area of Barangay Calaitan, Andanan Watershed, Bayugan,
Agusan del Sur within the elevation range of 116 to 183
masl. This species is dependent on mountain streams
where it bread and reproduced (IUCN 2016). M. stejnegeri
is a Mindanao faunal endemic and has a “vulnerable”
conservation status. Average morphometrics were: SVL =
52.75 mm, HL = 16.8 mm, HW = 18.13 mm, FL = 14mm,
LL = 20.38 mm and TW = 14.13 g. Snout to vent length
ranged between 48 to 57 mm.
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Fig. 6. Canonical correspondence analysis (CCA) showing the relationship between environmental variables and anuran richness and
abundance. R_ma, Rhinella marina; F_mo, Fejervarya moodiei; F_vi, Fejervarya vittigera; L_ma, Limnonectes magnus; M_st, Megophrys
stejnegeri; P_gr, Pulchrana grandocula; P_le, Polypedates leucomystax; K_cm, Kaloula conjuncta meridionalis; K_pl, Kalophrynus
pleurostigma; H_ru, Hoplobatrachus rugulosus; P_do, Platymantis dorsalis.

Kalophrynus pleurostigma (Tschudi, 1838); Microhylidae
Kalophrynus pleurostigma (black-spotted sticky frog) was
only observed in Lake Danao, sitting on leaf litter near
rotting logs of the forest floor. A Mindanao faunal endemic
and a least concern species of the IUCN (2016). Average
morphometrics were as follows: SVL = 40 mm, HL = 8 mm,
HW =12mm,FL=12mm,LL=16 mmand TW=4g.

Kaloula conjuncta meridionalis (Peters, 1863);
Microhylidae

Kaloula conjuncta meridionalis (Philippine narrowmouth
toad) was only observed in the Calaitan River area, and it
utilized terrestrial microhabitats. It is a Philippine endemic
and a least concern species (IUCN 2016). Taylor (1920)
described two subspecies of Kaloula conjuncta: Kaloula
conjunctastickeliof Leyteand Kaloula conjunctameridionalis
of the Mindanao Island. Average morphometrics were: SVL
=41 mm, HL = 10 mm, HW = 11 mm, FL = 12 mm, LL =
10mmand TW=4g.

Pulchrana grandocula (Taylor, 1920); Ranidae

Pulchrana grandocula (big-eyed frog) utilized terrestrial
and aquatic microhabitats. It is a Mindanao faunal endemic
and a least concern species (IUCN 2016). This species was
encountered in all water systems surveyed with average
morphometrics of SVL = 48.88 mm, HL = 15.38 mm, HW
=17.13 mm, FL = 17.63 mm, LL = 23.63 mm and TW =
4.13 g. Snout to vent length ranged between 40 to 68 mm.

Polypedates leucomystax (Gravenhorst, 1829);
Rhacophoridae

Polypedates leucomystax (common tree frog) was observed
perching on leaves of banana, and dead corn husks. It was
most abundant in the Lake Danao area (characterized by
cultivated and secondary growth forest). P. leucomystax is a
non-endemic and a least concern species (IUCN 2016). It
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was encountered in arboreal and terrestrial microhabitats.
The conversion of forested areas to monoculture agriculture
may have facilitated expansion of its range and biological
diversification (Brown et al. 2010). Average morphometrics
were as follows: SVL = 57 mm, HL = 17.8 mm, HW = 18.2
mm, FL = 13.4 mm, LL = 28.8 mm and TW =5 g. Snout to
vent length ranged between 50 to 68 mm.

Anuran-habitat association

Anurans species are habitat specific. Species of herpetofauna
associated with mature forest are more common than those
associated with secondary succession forest (Greenberg
2001). However, some frogs and toads may increase in
number even after disturbance, since they can tolerate
environmental changes (Moorman et al. 2011). Most
anurans require water for egg deposition and in the early
stages of their lifecycle (Duellman, Trueb 1986). Therefore,
the presence of water bodies is essential as natural habitats
of anurans.

The ordination biplot (Fig. 6) showed the relationship
of anurans to the environmental variables tested. The
significant environmental variables, shown as vectors
(lines), are associated with the faunal gradients (Hammer
2011). The left side of the biplot can be classified as an open
habitat (cultivated area), withhigher values of leaf litter
depth, percentage ground cover, temperature and distance
to the water system. Species associated with these ecological
variables were H. rugulosus, K. conjuncta meridionalis, F.
moodiei, P. leucomystax, E. vittigera, and K. pleurostigma.
Secondary forest habitat on the right side of the ordination
was associated with environmental variables such as higher
humidity, canopy cover, moss percentage, rock percentage,
and distance to disturbance. Changes in these variables
can affect the abundance of the vulnerable M. stejnegeri
and the cryptic P. dorsalis. L. magnus and R. marina can
be considered as generalist species, because of their



proximity to the center of the biplot. R. marina is known
to inhabit disturbed areas (Alcala 1986) and fluctuation in
the environmental variables cannot affect its distribution.
Presence of non-native species can increase competition
pressure to the native frogs regarding food and habitat.
L. magnus was encountered in all sampling stations in all
water systems. Although this species is near-threatened
and a Mindanao faunal endemic, there is no literature
supporting the actual decline of L. magnus (Plaza, Sanguila
2015). The high abundance of this species in the area (as
encountered) suggests its relative dominance compared to
the abundance of other species.

Habitat association suggests the importance of the
forest as a refuge since anurans are ectothermic organisms
(cannot regulate their body temperature), making them
very dependent on the environment. More native anuran
species occur inundisturbed habitats.

Conclusions and recommendations

The water systems of the Andanan Watershed Forest
Reserve in Barangay Calaitan harbor 11 species of
anurans from seven families. The Philippine-endemics
comprise most of the population (73% of species),
followed by introduced species (18%) and non-endemics
(9%). M. stejnegeri, a Mindanao faunal endemic was only
recorded by streams at higher elevations while the socio-
economically and near-threatened L. magnus was recorded
in all types of water systems and across all elevations. Lake
Danao had the highest diversity (H” = 1.69) and largest
number of recorded anurans (n = 54). Most of the anurans
utilized both terrestrial and aquatic microhabitats. Most
of the Philippine endemic anurans were forest-dependent.
The conversion of remaining forest to cultivated areas
for falcata is a significant threat to Philippine endemic
species and most especially to Mindanao faunal endemics.
Protection of the remaining forest blocks in Andanan
Watershed to avoid declines of forest-dependent anurans
has high conservation priority.
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