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ABSTRACT

There are more than 1500 caves known in the Philippines which provide refuge, shelter, and
food to many vertebrates including reptiles. The microhabitats inside and around the caves are
essential in the survival of these cave-dwelling reptiles. In this work, we provide the checklist
and microhabitat utilized by different lizards and snakes occupying cave habitats in Agusan
del Sur. We used modified cruising method and visual encounter search to survey reptiles in
eight selected caves from Agusan del Sur. A total of ten species belonging to three different
families of which seven are Philippine endemic (70%) species were documented. Most of the
species were recorded in Agpan cave, Municipality of Trento. Scincid lizards were the most
diverse family of reptiles documented to inhabit rotten logs, leaf piles, rocks, and wall crevices
of the cave entrances. The presence of these endemic lizards and snakes validates the impor-

tance of this natural ecosystem for its conservation and protection.
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INTRODUCTION

Caves are home to specialized and unique fauna
and flora, hosting unique ecological niches (Pipan
& Culver, 2013), and provide important ecosystem
functions (Medellin et al., 2017; Quibod et al.,
2019). They are home to peculiar reptilian fauna
that adapts to subterranean environments which can
survive despite total darkness, relatively lower air
and water temperature, relative humidity approach-
ing saturation, and a relatively poor supply of nu-
trients (Culver et al., 2004; Engel, 2007). These
caves essentially provide inhabitation, nesting
ground, maternal sites, water sources, foraging sites,
and shelter (Strong & Goodbar, 2005).

Reptiles play a critical role in ecological food
webs as predators. Several studies in karst cave
habitat accounted numerous cave-dwelling reptiles
(Abantas & Nufieza, 2014; Belleza & Nufieza,

2014) and found to have low-moderate diversity.
They provide significant benefits to agriculture
(Pough et al., 2004; Natural Resources Conservation
Service, 2006) as control agents for pest, useful in
monitoring biodiversity (Ngilangil et al., 2014), and
serve as good environmental indicators due to their
sensitivity to habitat alteration. A major factor con-
sidered behind the possibility of the reptiles living
inside caves is the presence of their micro-habitats
that enables them to reduce their exposure to ex-
treme environmental conditions (Goode et al.,
1995).

Southeast Asia is one of the ecoregion of the
Earth that is considered as a biodiversity hotspot
(Hughes, 2017), containing a high proportion of
threatened reptile species (Heath, 2017) due to a
high level of deforestation and habitat loss (Sodhi
et al., 2010; Hughes, 2017; Estoque et al., 2019),
which includes the Philippines. The Philippine
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archipelago is the world’s second-largest archipel-
ago (Alip & Amenomori, 2011), that is collectively
known, among other countries, as one of the vital
centers for herpetofaunal diversity throughout South
East Asia, with about 477 reptilian (lizards and
snakes) species thought to be present in the country
of which 363 species (76%) are endemic and 105
species (22%) are native in the Philippines (Mitter-
meier et al., 1999; Diesmos et al., 2002; Ambal et
al., 2012; Sanguila et al., 2016; Leviton et al., 2018;
Barley et al., 2020; Weinell et al., 2020; Eliades et
al. 2021; Maglangit et al., 2021). Reptiles are scat-
tered within the different regions of the archipelago
of which 58 species of these reptiles inhabit the
cave ecosystem in the country (Diesmos et al., 2002;
Brown et al., 2013).

The Mindanao island holds more or less 40%
of the known caves in the Philippines (Delima et
al., 2007; Department of Environment and Natural
Resources-Protected Areas and Wildlife Bureau,
2008). However, there are only a few cave-related
studies on reptiles conducted in Mindanao. This in-
cludes Mighty Cave, Tagoloan, Lanao Del Norte
(Abantas & Nufieza, 2014), Sarangani Province,
and Lanao del Norte (Belleza & Nufeza, 2014),
and Northern Mindanao (Nufieza et al., 2015).
Nevertheless, there were no published report on
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reptiles in caves and their microhabitats in Agusan
del Sur. In this study, we surveyed eight caves within
the three municipalities and one city of Agusan del
Sur to determine the species composition of reptiles
dwelling on different cave zonation, their micro-
habitats, and anthropogenic disturbances present in
the caves.

MATERIAL AND METHODS
Sampling area

The sampling was conducted in Agusan del Sur
of CARAGA Region 13 on Mindanao island, Phil-
ippines (Fig. 1) with coordinates 08°30°N 125°50’E.
It has a land area of 8966 km? which is divided into
13 municipalities. We sampled lizards and snakes in
selected cave habitats in the municipalities of Pros-
peridad, Loreto, Trento and city of Bayugan. Samp-
ling site and cave descriptions are shown in Table 1.

Sampling methods and data analysis
We employed modified cruising sampling

method to survey and document reptiles (lizards
and snakes) in the proximity of the cave habitat

- o ﬁ“ ’ i a
@ Wilderness Cave @M
® Katam-isan Cave

( Simbahan Cave @ Sampyagit Cave

agdagohong Cave @ Ararat Cave
Taonaga Cave @ Agpan Paraiso II Cave

Figure 1. Map showing the geographical location of Agusan del Sur (encircled in red) from the inset map
of the Philippine archipelago. The cave sites sampled with reptiles are represented with colored dots.
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Coordinates and Number of . Signs of Human
Cave Elevation openings Speleothems Water bodies Disturbance
8°28°20.38” N
12550 ;12;:1 E, 733 few stalactites and present vandalism, treasure hunting
) R ' stalagmites (stream) activity, and cutting of
A (1st floor); 8048°22.7 3 stalactites
N 125050°58.7”* E, 687
m asl
(2nd floor)
8°47°42.9” N absent but Vandali d cutti ¢
B 125°50726.4” E, 3 abundant stalactites temporary st:;c?itl::l and cutling o
569 m asl and few stalagmites | stagnant water
is present
c 8°49°43.1° N abundant stalactites absent cutting of stalactites and soil
125°50°15.3” E, 693 m 1 and stalagmites erosion
asl
8°49°38.2°° N abundant stalactites
D 125°50’9.2”’ E, 1 and moc_ierate present cutting of stalactites
598 m asl stalagmites
o(y7° » harvesting of guano, and soil
8°07°17.5” N : g ot guano,
B 126°06°08.5 E 5 ablénd?nt sttallactlte: present erosion due to typhoon
: > and a few stalagmites
83 masl g Senyang
8°2°334” N abundant stalactites resent
126°3°45.7” E, 63 m and moderate P treasure hunting activity
F 2 . (stream)
asl stalagmites : ’
8°9°253” N .
G 125°40°26.3” E, 2 moderate stalact%tes absent treasure hunting activity
and few stalagmites
63 m asl
8°9’16.7’ N abundant stalactites bsent 0 hunti ivit
H 125°41°26.6 E, 1 and few stalagmites absen casure unting activity
99 m asl

Table 1. Description of the cave sites. Legend: (A) Wilderness Cave (Bayugan City), (B) Magdagohong Cave (Bayugan
City), (C) Ararat Cave (Bayugan City), (D) Katam-isan Cave (Bayugan City), (E) Agpan Cave (Trento), (F) Taonaga Cave
(Prosperidad), (G) Simbahan Cave (Loreto), and (H) Sampyagit Cave (Loreto).

and different cave zonation. We used a digital
camera to document and specimens taken from
the field were placed in our sample bags. We
measured the snout-vent-length (SVL) and body
length (BD) using a measuring tape and the body
weight using a Pesola spring balance. Voucher
specimens were fixed in 10% formalin solution
and later washed with tap water and preserved in
a 70% ethanol solution (Heyer et al. 1994, Sim-
mons, 2002).

The air and soil temperature in the cave was
measured using a glass thermometer while relative
humidity was measured with the use of an impro-
vised sling psychrometer. We examined the presence
of stalactites and stalagmites in all cave sites.
Human-induced disturbances were also noted.

The works of Alcala (1986) and the photo-
graphic guide by Nufieza (2012) were used for
species identification and further verified by Dr.
Rafe Brown (Herpetologist) from Kansas Univer-
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sity. The distribution and conservation status of the
reptile species was based on the [UCN (2021) Red
List of Threatened Species (Version 2021-1). The
microhabitats of reptiles were documented and cat-
egorized as rotten logs, leaf piles, wall crevices,
leaf litter, and cave ground. The number of species
observed per habitat were all noted. The Paleonto-
logical Statistics Software (PAST) version 2.17c
(Hammer et al., 2001) was used to perform ser-
iation analysis to show the presence and absence
of reptiles along different cave zonation and micro-
habitats.

RESULTS AND DISCUSSION
Species composition and microhabitat

This work accounted 10 species of reptiles (8
lizards, 2 snakes) belonging to three different
families (Table 2) of which seven are Philippine
endemic species (70%). Two species belong to the
family Gekkonidae, six species are from the family
Scincidae, and only two species belong to the family
Colubridae. This notable account is slightly higher
than the number of species of reptiles recorded in
the caves of Sarangani and Lanao del Sur (Belleza
& Nuiieza 2014), Lanao Del Norte (Abantas &
Nufieza 2014), Northern Cagayan Valley (Cabaua-
tan et al., 2014), Siargao Island Protected Landscape
and Seascape (Nufieza & Galorio, 2015), and North-
ern Mindanao (Nufieza et al., 2015). According to

the study of Stevens and O’Connor (2006), differ-
ences in species richness in caves are greatly af-
fected by several ecological factors such as food
availability, vegetation type, and abiotic factors such
as habitat area, temperature, humidity, rainfall, lati-
tude, and altitude.

The highest number of species (S =6, n =17
individuals) was recorded in Agpan cave potentially
due to the size of the cave, the vegetation around
cave entrances, and unnoticeable anthropogenic ac-
tivities within this cave. This cave consists of nu-
merous cave entrances with relatively wide open-
ings allowing snakes and lizards to freely come and
go and select a variety of microhabitats around the
cave for refuging and site for foraging. The in-
formation gathered concur with the study of Heinen
(1992) that less disturbed areas contain higher
species richness and diversity. Although Agpan cave
is utilized as a source of guano material, six out of
10 reptile (60%) species including the Philippine
endemic and near threatened Stegonotus muelleri
(Fig. 2) were all found and observed in Agpan cave.

There were two species (n = 1 individual) found
in Wilderness cave (A), Ararat cave (C), Katam-
isan Cave (D), and Simbahan Cave (G). The Taon-
aga (F) cave recorded three species whereas Sam-
pyagit cave (H) recorded only one individual (N =
1 species). Based on observations, several anthro-
pogenic disturbances detected in caves may be one
factor for few individuals and species recorded as
was seen in Wilderness cave, Magdagohong cave,
and Taonaga cave. Threats include vandalism, treas-

Figure 2. Stegonotus muelleri (Muller's Wolf Snake).
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pulverulentus (Boie, 1827) Viper

Stegonotus muelleri Miiller’s Wolf
Duméril, Bibron et Snake
Duméril, 1854

Family Gekkonidae

Cyrtodactylus Agusan
agusanensis (Taylor, 1915) Bent-toed Gecko
Cyrtodactylus Annulated Bow-
annulatus fingered Gecko

(Taylor, 1915)
Family Scincidae

Eutropis caraga Caraga Sun
(Barley, Diesmos, Siler, Skinks
Martinez er Brown, 2020)

Eutropis Many-keeled
multicarinata Mabuya
(Gray, 1845)

Otosaurus Cuming's
cumingi Gray, 1845 Sphenomorphus
Sphenomorphus Pointed-headed
Acutus (Peters, 1864) Sphenomorphus
Sphenomorphus Banded

fasciatus (Gray, 1845) Sphenomorphus

Sphenomorphus Black-spotted
variegatus (Peters, 1867)  Sphenomorphus

PE

PE

PE

PE

NE

PE

PE

PE

NE

Burma, Cambodia, China,
Hong Kong Indonesia
Laos, Malaysia,
Nepal, Taiwan
Thailand, Vietnam
Philippines: Balabac, Basilan,
Bohol, Bongao, Busuanga,
Cebu, Dinagat, Jolo, Leyte,
Luzon, Mindanao, Negros,
Palawan, Panay, Polillo,
Samar
Philippines: Dinagat, Leyte,
Mindanao, Samar

Philippines: Camiguin,
Dinagat, Leyte, Mindanao,
Samar, Siargao
Philippines: Basilan, Bohol,
Cebu, Jolo, Leyte, Mindanao,
Negros, Pacijan, Tawi Tawi

Philippines: Bohol, Dinagat,
Mindanao,
Samar, Siargao Islands

Global: Indonesia, Malaysia
(Borneo), Micronesia, Palau
Island
(Belau), Talaud Archipelago,
Sulawesi,

Taiwan (Lanyu),
Philippines: Bohol, Mindanao

Philippines: Bohol, Calotcot,
Dinagat, Leyte, Lubang,
Luzon, Mindanao, Mindoro,
Samar, Sibuyan, Sicogon
Island
Philippines: Bohol, Dinagat,
Leyte, Mindanao, Samar
Philippines: Basilan,
Camiguin, Leyte, Mindanao,
Samar, Sulu Archipelago
Global: Malaysia (Borneo)
Indonesia (Sulawesi)
Philippines: Bohol, Camiguin,
Dinagat, Leyte, Mindanao,
Sulu Archipelago

. Distri - Distribution Conser - Cave Sites
Species Common Name buti Pecdid "
uhon valoh- “A" B ¢ D E F G H
Family Colubridae
Psammodynastes Common Mock NE  Global: Bangladesh, Bhutan, 00 0 0 0 1 0 O

NT

LC

LC

LC

Table 2. Reptile species composition in the eight sampled caves of Agusan del Sur. Legend: NT = Near Threatened, NPE =
Non Philippine Endemic, PE = Philippine endemic, A = Wilderness Cave, B = Magdagohong Cave, C = Ararat Cave, D =
Katam-isan Cave, E = Agpan Cave, F = Taonaga Cave, G = Simbahan Cave, and H = Sampyagit Cave.
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ure hunting, while cutting of stalactites, soil erosion,
and improper garbage disposal were all detected.
According to the study of Soldatini et al. (2015),
human disturbance is a stress factor which poten-
tially has a strong impact on the distribution and
abundance of faunal vertebrates (Ruddock & Whit-
field, 2007). In addition, rapid and irreversible shifts
in the integrity and function of an ecosystem such
as cave and wildlife it supports may be in peril due
to human disturbances (Groffman et al., 2006;
Phelps et al., 2018).

The Ararat cave is situated above 600 meters
elevation while Katam-isan cave is known to be
placed above 500 m elevation, which are all higher
in comparison to other caves. Based on the study
of Custodio (1986), the higher the elevation, the
fewer reptile species may be recorded. This obser-
vation corresponds to the insights wherein this pres-
ent study exemplifies and recorded only two species
of reptiles whereas in Agpan cave we recorded nu-
merous snakes and lizards at 83 meters elevation.
Although these results are not conclusive, present
survey depicts that habitats and other forms of eco-
system provide a suitable habitat for unique and
karst-cave dwelling reptiles in low elevation.

Table 3 shows the distribution of the snake and
lizard species along different cave zonation wherein
skinks of the Family Scincidae (E. caraga, E. multi-
carinata, O. cumingi, S. acutus, and S. variegatus)
were mostly found abundant in the cave entrances
along with P. pulverulentus from the family Colu-
bridae. The study of Belleza & Nuneza (2014) and
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Nufieza & Galorio (2015) also found most of the
documented reptiles dwelling on cave entrances
and in the twilight zone where a variable amount
of light can still penetrate the area. In addition, the
recorded skinks in this study are subtroglopilic
species and are not true caved-dwelling reptiles
for they were found only occupying the cave en-
trances.

However, the deepest zone of most caves has a
relatively constant temperature and high relative
humidity that is devoid of light compared to cave
entrances (Frushour, 2012). In this case, since rep-
tilian species are ectothermic, they are unable to
produce their body heat so they rely on external or
environmental sources including the heat from sun-
light which passes through the cave entrance (Raske
et al., 2012) allowing them to regulate their body
temperature.

On the other hand, P. pulverulentus was found
in the cave entrance of Taonaga cave near a small
stream. Based on literature, this snake preys and
feeds on hard-bodied prey such as skinks (Jackson
& Fritts, 1996; Miller & Zug, 2016), which were
observed to be abundant around cave entrances.

The only two Philippine endemic species of gek-
konid found in this study were C. agusanensis (Fig. 3)
and C. annulatus (Fig. 4) which were all en-
countered in the twilight zone. According to the
study of Bauer et al. (2002) and Ellis & Pauwels
(2012), these two species are considered as substrate
specialists rather than true cave specialist species.
Hence, a great variety of gekkonid lizards are

Species

Cave
Entrance

Twilight
Zone

Deep Zone

Cyrtodactylus agusanensis (Taylor, 1915)

Cyrtodactylus annulatus (Taylor, 1915)

FEutropis caraga
(Barley, Diesmos, Siler, Martinez et Brown, 2020)

Eutropis multicarinata (Gray, 1845)

Otosaurus cumingi Gray, 1845

Sphenomorphus acutus (Peters, 1864)

Sphenomorphus variegatus (Peters, 1867)

Psammodynastes pulverulentus (Boie, 1827)

Sphenomorphus fasciatus (Gray, 1845)

Stegonotus muelleri Duméril, Bibron et Duméril, 1854

Table 3. Distribution of reptiles along different cave zonation.
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Figure 4. Cyrtodactylus annulatus (Annulated Bow-fingered Gecko) and its microhabitat.

adapted to inhabitat karst ecosystem and cave habi-
tat given their adeptnesss on climbing rock walls
and use cave habitat as foraging or refuging site
(Bauer et al., 2002; Esmaeili-Rineh et al., 2016).
The colubrid snake S. mueller, and skink lizard S.
fasciatus were both found in the deep zones of the
caves. The S. muelleri was also reported to occupy
cave habitat (Barnes & Knierim, 2018) whereas S.
fasciatus is uncommon and no previous reports
documenting this species to occur on cave habitats.
These species are referred to as troglophilic reptiles
which utilize cave habitat for shelter and source of

food. In the study of Hobbs (2005), it was reported
that reptiles occasionally utilize cave habitats for
shelter due to unfavorable environmental conditions
such as summer drought or winter frost. In general,
reptiles are terrestrial, arboreal, or burrowing and
primarily hide in rotting logs, humus, leaf litter,
tree holes, underneath stones, and bark of trees,
where these microhabitat sites are almost always
moist or near a body of water (Alcala, 1986).
Based on results, there were several microhabi-
tats (Table 4) along cave ecosystem that were util-
ized by snakes and lizards. These microhabitats
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Species

MICROHABITAT
Hl | H2 | H3

H4 | HS

Cyrtodactylus agusanensis (Taylor, 1915)

Cyrtodactylus annulatus (Taylor, 1915)

Eutropis caraga
(Barley, Diesmos, Siler, Martinez et Brown, 2020)

Eutropis multicarinata (Gray, 1845)

Otosaurus cumingi Gray, 1845

Sphenomorphus acutus (Peters, 1864)

Sphenomorphus fasciatus (Gray, 1845)

Sphenomorphus variegatus (Peters, 1867)

Psammodynastes pulverulentus (Boie, 1827)

Stegonotus muelleri Duméril, Bibron et Duméril, 1854

Table 4. Distribution of reptiles according to microhabitat. Legend: H1 = Rock pile, H2 = Wall Crevices, H3 = Leaf litter,

H4 = Rotten Log, H5 = Cave Ground.

were categorized as rock piles, wall crevices, leaf
litter, rotten logs, and cave ground. The E. multi-
carinata and E. caraga (Fig. 5) of the family Scin-
cidae had the most number of individuals observed
at the entrance zone of Magdagohong cave, Agpan
cave, Simbahan cave, and Taonaga cave. Species
of the genera Sphenomorphus, Eutropis, and Oto-
saurus occupy the same microhabitat such as rotten
logs, rock piles, wall crevices, and leaf litter.

The scincid lizard, E. caraga was found inhab-
iting rotten logs and leaf litter microhabitat whereas
E. multicarinata, S. acutus, and S. variegatus were
found inhabiting a pile of rocks, rotten logs, wall
crevices, and leaf litter microhabitat. In the study
of Barley et al. (2020), E. caraga was primarily

collected on leaf litter and under logs in forest floors.
They also added that this species appears to be able
to tolerate some disturbance, as it has been found
in disturbed, agricultural areas, coconut groves, and
residential areas near the forest.

In the same manner, Ofosaurus cumingi was
found inhabiting the wall crevices of Agpan cave
while S. fasciatus was found in the deep zone of
Agpan inhabiting in a pile of rock. This result
mainly attributed to the food preference of skinks
as they are mainly insectivorous (Pope, 1955; Ber-
kovitz & Shellis, 2017). They feed on insects and
spiders that are found roaming around rotten logs,
ground, and leaf litter inside and around cave en-
trances.

Figure 5. Eutropis caraga (Caraga Sun Skinks) and its microhabitat.
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In the case of S. fasciatus, it was found to occupy
the deep zone. Unlike the genus Eutropis and the
other two Sphenomorphus species, S. fasciatus is a
species that keeps away from direct sunlight. In the
study of Belleza & Nufieza (2014) observed that
this insectivorous species is active on the forest
floor in the twilight zone where a small amount of
sunlight penetrates along the cavern. The S. fasci-
atus is not a cave-dwelling species and potentially
use cave habitat for foraging food.

The Philippine endemic Cyrtodactylus agusa-
nensis of the family Gekkonidae was also recorded
inhabiting the cave substrate of the Wilderness cave
along the twilight zone. The same is the case with
C. annulatus found in Katam-isan cave. This oc-
courence may possibly be associated with the avail-
ability of food resources (Ibrahim, 2005).

According to the study of Belleza & Nuileza
(2014), geckkonid lizards demonstrate thermoregu-
latory behavior allowing them to adapt and utilize
different microhabitats to maintain a preferred body
temperature. This is why most of the species were
only seen in the entrance and twilight zones wherein
sunlight potentially influences the behavioral
thermoregulation of reptiles (Sievert and Hutchison
1988). In addition, the study of Gleed-Owen &
Price (2012) noticed that reptiles are generally diur-
nal and need to thermoregulate via direct insolation
or lying beneath warm objects which is potentially
the reason why some reptiles were observed in cave
entrances and twilight zones.

The snakes of the family Colubridae, S. muelleri
and P, pulverulentus, were found in separate zones
of the cave. The S. muelleri was encountered in the
deepest zone of the Wilderness cave, Agpan cave,
and Sampyagit cave inhabiting the cave ground (HS5)
and wall crevices (H2) of the caves. P. pulverulentus
was found in the cave entrance of Taonaga cave in-
habiting leaf litter. This result may be associated with
the snakes’ diet since S. muelleri is a carnivorous
species which feeds on small mammals and poten-
tially also consumes bats in caves while P. pulver-
ulentus feeds on small lizards such as skinks which
were found abundant in the cave entrance. This ob-
servation indicates that the recorded reptile species
mostly prefers ground litter microhabitats. This ob-
servation coincides with the records of Fernandez &
Nuneza (2007) on P. pulverulentes that reptiles are
found in various microhabitats which enable them
to survive depending on the availability of food re-
sources and their utilization of these microhabitats.

347

Recorded Threats to the reptilian fauna

The caves surveyed in Agusan del Sur provide
a habitat for a diverse species of snakes and lizard.
However, due to several athropogenic disturbances
observed in all these cave sites such as treasure
hunting by digging holes inside the cavern, human
activities and spelunking, extraction of stalagmites
and stalactites, vandalism on cave walls, evidence
of fragments by people utilizing the cave as refuge
from natural hazards, and improper waste disposal
posed as severe threats and negatively affect the
population of reptilian species that utilize cave habi-
tat for their survival and shelter.

CONCLUSIONS

In this work, we documented ten species of
reptiles and notably accounted 70% endemic
snakes and lizards. They were all observed in the
proximity of various types of microhabitats and
cave zonations wherein they utilize the cave habi-
tats as refuging and foraging site. The skinks li-
zards were the most abundant reptiles and mostly
found inhabiting rotten logs and leaf piles around
cave entrances.

Natural hazards and human-made disturbances
such as vandalism, stalactite extraction, and treas-
ure hunting that were observed in most of the
caves are considered threats to the existence of
the reptilian fauna of these caves. The considerable
number of endemic species recorded in the all
caves sampled reveals the significance of each
cave as home to unique and diverse reptiles which
indicates the need to support protection of these
cave ecosystems.

ACKNOWLEDGMENTS

We acknowledge Forester Nestor Dizon, baran-
gay captain Merla Ajan of Brgy. Mt. Carmel, Brgy.
Captain of Mt. Ararat of Bayugan, the municipal
development officer and the mayor of the munici-
pality of Trento, Agusan del Sur for logistical sup-
port and assistance in fieldwork; Dr. Rafe Brown
for verifying the species identification; PENRO-
LGU Agusan del Sur for the funding support, and
DENR CARAGA region for the issuance of the
gratuitous permit.



348

REFERENCES

Abantas A.D. & Nuieza O.M., 2014. Species diversity
of terrestrial vertebrates in Mighty Cave, Tagoloan,
Lanao Del Norte, Philippines. Journal of Biodiversity
and Environmental Sciences, 5: 122—-132.

Alcala A.C., 1986. Guide to Philippine flora and fauna,
Vol. X, Amphibians and Reptiles. Manila: Natural Re-
source Management Center, Ministry of Natural Re-
sources and the University of the Philippines, 195 pp.

Alip J.A.B. & Amenomori T., 2011. Formalizing grass-
roots social security. In: Migley J. & Hosaka M. 2011.
Grassroots Social Security in Asia: Mutual Aid,
Microinsurance and Social Welfare. Routledge, New
York, 64—69.

Ambal R.G.R., Duya M.V,, Cruz M.A., Coroza O.G.,
Vergara S.G., de Silva N., Molinyawe N. & Tabaranza
B., 2012. Key biodiversity areas in the Philippines:
Priorities for conservation. Journal of Threatened
Taxa, 4: 2788-2796.
https://doi.org/10.11609/J0TT.02995.2788-96

Bauer A.M., Pauwels, O.S.G. & Chanhome L., 2002. A
new species of cave-dwelling Cyrtodactylus (Squa-
mata: Gekkonidae) from Thailand. The Natural His-
tory Journal of Chulalongkorn University, 2: 19-29.

Barley A.J., Diesmos A.C., Siler C.D., Martinez, C.M.
& Brown R.M., 2020. Taxonomic revision of Philip-
pine sun skinks (Reptilia: Squamata: Scincidae: Eu-
tropis), and descriptions of eight new species. Her-
petological Monographs, 34: 39-70.
https://doi.org/10.1655/HERPMONOGRAPHS-D-
19-00009.1

Barnes C.H. & Knierim T.K., 2018. A novel cave habitat
use and range extension for the cryptic snake Stego-
notus muelleri (Serpentes: Colubridae). Phyllome-
dusa, 17: 295-297.
https://doi.org/10.11606/issn.2316-9079.v17i2p295-297

Belleza B.G.D. & Nuneza O.M., 2014. Herpetofaunal
diversity and endemism in selected caves of Saran-
gani Province and Lanao del Norte, Philippines. Ad-
vances in Environmental Biology, 8: 411-418.

Berkovitz B. & Shellis P., 2017. Chapter 6 - Reptiles 1:
Tuatara and Lizards. In: The Teeth of Non-Mamma-
lian Vertebrates. Academic Press, 153-200.
https://doi.org/10.1016/C2014-0-02210-1

Brown R.F., Siler C.D., Oliveros C.H., Welton L.J., Rock
A., Swab J., Van Weerd M., van Beijnen J.V., Jose
E., Rodriguez D., Jose E. & Diesmos, A.C., 2013.
The amphibians and reptiles of Luzon Island, Philip-
pines, VIII: the herpetofauna of Cagayan and Isabela
Provinces, northern Sierra Madre Mountain Range.
Zookeys, 266: 1-120.
https://doi.org/10.3897/zookeys.266.3982

Cabauatan J.G., Ramos M.T., Taggueg J.B., Callueng
A.M. & Tumaliuan S.S., 2014. Assessment of faunal

RHIM AvyyaH C. KAMIR & OLGA M. NUREZA

diversity on selected caves of the Northern Sierra
Madre Natural Park (NSMNP), Northern Cagayan
Valley, Philippines. Journal of Agricultural Technol-
ogy, 10: 631-649.

Culver D.C., Christman M.C., Sket B. & Trontelj P.,
2004. Sampling adequacy in an extreme environment:
species richness patterns in Slovenian caves. Biodi-
versity and Conservation, 13: 1209-1229.
https://link.springer.com/article/10.1023/B:BIOC.000
0018153.49280.89

Custodio C.C., 1986. Altitudinal distribution of lizards
of the family Scincidae in Mt. Makiling, Laguna.
Sylvatrop Philippine Forest Research Journal, 11:
181-202.

Delima E.M.M., Diesmos A.C. & Ibafiez J.C., 2007. The
herpetological importance of Mt. Hamiguitan Range,
Mindanao Island, Philippines. Banwa, 4: 27-40.
http://ojs.upmin.edu.ph/index.php/banwa-archives/ar
ticle/view/26/31

Department of Environment and Natural Resources-Pro-
tected Areas and Wildlife Bureau, 2008. A handbook
on cave classification for the Philippines. DENR-
PAWB, Manila, 62 pp.

Diesmos A.C., Brown R.M., Alcala A.C., Sison R.V,
Afuang L.E. & Genevieve V.A., 2002. Philippine Am-
phibians and Reptiles: An Overview of Species Di-
versity, Biogeography and Conservation. In: Ong P.,
Afuang L. & Rosell-Ambal R. 2002. Philippine biodi-
versity conservation priorities: a second iteration of
the national biodiversity strategy and action plan. De-
partment of Environment and Natural Resources Pro-
tected Areas and Wildlife Bureau, Conservation Inter-
national Philippines and Foundation for the Philippine
Environment, Quezon City, Philippines, 26—44.

Ellis M. & Pauwels O.S.G., 2012. The bent-toed geckos
(Cyrtodactylus) of the caves and karst of Thailand.
Cave and Karst Science, 39: 16-22.

Eliades S.J., Brown R.M., Huang W.S. & Siler C.D.,
2021. Taxonomic revision of Scaly-toed Geckos
(Reptilia: Gekkonidae: Lepidodactylus) in the North-
ern Philippines, with description of four new species.
Herpetogical Monograph, 34: 90—111.
http://dx.doi.org/10.1655/HERPMONOGRAPHS-D-
19-00014

Engel S.A., 2007. Observations on the biodiversity of
sulfidic karst habitats. Journal of Cave and Karst
Studies, 69: 187-206.

Esmacili-Rineh S., Akmali V., Fathipour F., Heidari N.
& Rastegar-Pouyani N., 2016. New distribution rec-
ords of cave-dwelling gekkonid lizards (Sauria, Gek-
konidae and Phyllodactylidae) in the Zagros Moun-
tains of Iran. Subterranean Biology, 18: 39-47.
https://doi.org/10.3897/subtbiol.18.8185

Estoque R.C., Ooba M., Avitabile V., Hijioka Y., Das-
Gupta R., Togawa T. & Murayama Y., 2019. The fu-



Species composition of cave-dwelling reptiles and their microhabitats in Agusan del Sur, Philippines

ture of Southeast Asia’s forests. Nature Communica-
tion, 10: 1829.
https://www.nature.com/articles/s41467-019-09646-4

Fabricante K.M.B. & Nuiieza O.M., 2012. Diet and en-
doparasites of Rana granducula (Amphibia, Ranidae)
and Limnonectes magnus (Amphibia, Dicroglossidae)
in Mt. Sambilikan, Diwata Range, Agusan Del Sur,
Philippines. Advances in Environmental Sciences —
Bioflux, 4: 113-121.

Fernandez E.V. & Nufeza, O.M., 2007. The reptiles of
Mt. Tago Range, Bukidnon, Philippines. In: Pro-
ceedings of 16th Annual Biodiversity Symposium.
Wildlife Conservation Society of the Philippines . Ate-
neo de Davao University. April 2007.

Frushour S.S., 2012. A guide to caves and karst of In-
diana, Indiana University Press, USA, 13—-14.

Gleed-Owen C.P. & Price C., 2012. Amphibians and
reptiles from Gorham’s Cave. In: Barton R.N.E.,
Stringer C.B. & Finlayson, J.C. 2012. Neanderthals
in Context: A Report of the 1995-1998 Excavations
at Gorham’s and Vanguard Caves, Gibraltar. Oxford
University School of Archaeology Monographs, Ox-
ford, 102—111.

Goode M.J., Howland J.M., & Sredl M.J., 1995. Effects
of microhabitat destruction on reptile abundance in
Sonoran Desert rock outcrops. Nongame and Endan-
gered Wildlife Program Heritage Report, Arizona
Game and Fish Department, Phoenix, Arizona, 25 pp.

Groffman P.M., Baron J.S., Blett T., Gold A.J., Goodman
1., Gunderson L.H., Levinson B.M., Palmer M.A.,
Paerl H.W., Peterson G.D., Poff N.L., Rejeski D.W.,
Reynolds J.F., Turner M.G., Weathers, K.C. & Wiens,
J.,2006. Ecological thresholds: The key to successful
environmental management or an important concept
with no practical application? Ecosystems, 9: 1—13.
https://doi.org/10.1007/s10021-003-0142-z

Hammer O., Harper D.A.T. & Ryan P.D., 2001. PAST:
Paleontological statistics for educational and data
analysis. Palacontologia Electronica, 4: 1-9.

Heath A., 2017. Where we work and why: Southeast
Asia: A wildlife paradise facing multiple threats. Syn-
chronicity Earth-Bringing Conservation to Life, Lon-
don. https://www.synchronicityearth.org/where-we-
work-and-why-southeast-asia-anna-heath/

Heinen J.T., 1992. Comparison of the leaf litter herpeto-
fauna in abandoned cacao plantations and primary
rain forest in Costa Rica: Some Implications to Faunal
Restoration. Biotropica, 24: 431-439.

Heyer W.R., Donnelly M.A., McDiarmid R.W., Hayek
L.A.C & Foster M.S., 1994. Measuring and moni-
toring biological diversity; standard methods for am-
phibians (XVII). Washington, D. C.: Smithsonian In-
stitution Press.

Hobbs H.H.IIL., 2005. Diversity patterns in the United
States. In: Culver D.C. & White W.B. 2005. Encyclo-

349

pedia of caves. Elsevier Academic Press, Burlington,
170-182.

Hughes A.C., 2017. Understanding the drivers of South-
east Asian biodiversity loss. Ecosphere, 8: e01624.
https://doi.org/10.1002/ecs2.1624

Ibrahim A.E., 2005. Species diversity of Lizards in Mt.
Magdiwata, Agusan del Sur. MSU-IIT, Iligan City,
Philippines.

TUCN, 2020. The IUCN Red List of Threatened Species.
Version 2020-1. https://www.iucnredlist.org

Jackson K. & Fritts T.H., 1996. Observation of a Grooved
Anterior Fang in Psammodynastes pulverulentus:
Does the Mck Viper Resemble a Protoelapid?. Journal
of Herpetology, 30: 128—131.

Leviton A.E., Siler C.D., Weinell J.L. & Brown R.M.,
2018. Synopsis of the snakes of the Philippines: A
synthesis of data from biodiversity repositories, filed
studies and literature. Proceedings of the California
Academy of Sciences, 64: 399-568.

Maglangit E.P., Tapdasan R.J., Medija R.C., De Alba
M.F., Adamat L.A., Amparado O.A., Nuieza O.M.,
Diesmos M.L. & Diesmos A.C., 2021. New distribu-
tion record, ecology and tail trifurcation of Cyrto-
dactylus mamanwa (Gekkonidae) on Dinagat Islands,
Philippines. Herpetozoa 34: 175-181.

http://dx.doi.org/10.3897/herpetozoa.34.e67196

Medellin R.A., Wiederholt R. & Lopez-Hoffman L.,
2017. Conservation relevance of bat caves for biodi-
versity and ecosystem services. Biological Conser-
vation, 211(B): 45-50.

Miller A.H. & Zug G.R., 2016. Morphology and biol-
ogy of the Asian Common Mockviper, Psammody-
nastes pulverulentus (Boie, 1827) (Serpentes: Lam-
prophiidae): a focus on Burmese populations.
Proceedings of the Biological Society of Washing-
ton, 129: 173-194.

Mittermeier R.A., Myers N., Robles Gill P. & Mittermeier
C.G., 1999. Hotspots: Earth’s biologically richest and
most endangered terrestrial ecoregions. Cemex, Mex-
ico City, Mexico, 123—130.

Natural Resources Conservation Service, 2006. Amphib-
ians and Reptiles. Fish and Wildlife Habitat Man-
agement Leaflet-Wildlife Habitat Council, 35: 1-8.
https://www.nrcs.usda.gov/Internet/FSE_DOCU
MENTS/nres143_009928.pdf

Ngilangil M.M., Boyles L.Z. & Sularte R.P., 2014. Abun-
dance, distribution and conservation status of reptiles
in Agusan Marsh, Bunawan, Agusan del Sur, Philip-
pines. Journal of Advances in Chemical Engineering
and Biological Sciences, 1: 149-150.
https://doi.org/10.15242/iicbe.c914015

Nuifieza O.M., 2012. Photographic guide to amphibians
and reptiles of Mindanao, Philippines. Office of Pub-
lication and Information OVCRE. MSU-IIT. Iligan
City, Philippines, 72 pp.



350

Nufieza O.M. & Galorio A.H.N., 2015. Cave herpeto-
fauna of Siargao Island Protected Landscape and Sea-
scape, Philippines. World Journal of Environmental
Biosciences, 4: 26-35.

Nufieza O.M., Calizo-Enguito M.R., Labajo-Villantes Y.
& Ponce A.G., 2015. Species richness and endemism
of cave herpetofauna in Northern Mindanao, Philip-
pines. Extreme Life, Biospeology & Astrobiology-In-
ternational Journal of the Bioflux Society, 7: 10-24.

Phelps K., Jose R., Labonite M. & Kingston T., 2018.
Assemblage and species threshold responses to envi-
ronmental and disturbance gradients shape bat diver-
sity in disturbed ave landscapes. Diversity, 10: 55.
https://doi.org/10.3390/d10030055

Pipan T. & Culver D.C., 2013. Forty years of epikarst:
What biology have we learned?. International Journal
of Speleology, 42: 215-223.
http://dx.doi.org/10.5038/1827-806X.42.3.5

Pope C.H., 1955. The Reptile World. AA Knopf, New
York, 245-247.

Pough F.H., Andrews R.M., Cadle J.E., Crump M.L.,
Savitzky A.H. & Wells, K.D., 2004. Herpetology, 3rd
ed. Pearson Prentice Hall, Upper Saddle River, NJ,
USA, 726 pp.

Quibod M.N.R.M., Alviola P.A., de Guia A.P.O., Cuevas
V.C., Lit L.L.Jr. & Pasion B.O., 2019. Diversity and
threats to cave-dwelling bats in a small island in the
southern Philippines. Journal of Asia-Pacific Biodi-
versity, 12: 481-487.

http://dx.doi.org/10.1177/19400829211034671

Raske M., Lewbart G.A., Dombrowski D.S., Hale P.,
Correa M. & Christian L.S., 2012. Body temperatures
of selected amphibian and reptile species. Journal of
Zoo and Wildlife Medicine, 43: 517-521.
https://doi.org/10.1638/2011-0244r.1

Ruddock M. & Whitfield D.P., 2007. A review of dis-
turbance distances in selected bird species. A report
from Natural Research (Projects) Ltd to Scottish

RHIM AvyyaH C. KAMIR & OLGA M. NUREZA

Natural Heritage, Natural Research, Banchory, UK,
179 pp.

Sanguila M.B., Cobb K.A., Siler C.D., Diesmos A.C.,
Alcala A.C. & Brown R.M., 2016. The amphibians
and reptiles of Mindanao Island, southern Philippines,
II: The herpetofauna of northeast Mindanao and ad-
jacent islands. Zookeys 624: 1-132.
https://doi.org/10.3897/zookeys.624.9814

Simmons J., 2002. Herpetological collecting and collec-
tions management. Utah: Society for the Study of
Amphibians and Reptiles 31: 1-153.

Sodhi N.S., Posa M.R.C., Lee T.M., Bickford D., Koh,
L.P. & Brook B.W., 2010. The state and conservation
of Southeast Asian Biodiversity. Biodiversity and
Conservation, 19: 317-328.

Soldatini C., Albores-Barajas Y.V., Tagliavia M., Massa
B., Fusani L. & Canoine V., 2015. Effects of human
disturbance on cave-nesting seabirds: The case of the
storm petrel. Conservation Physiology, 3: cov041.

Stevens N.J. & O’Connor P.M., 2006. Abiotic and Biotic
Factors as Predictors of Species Richness on Mada-
gascar. In: Lehman S.M & Fleagle J.G. 2006. Primate
Biogeography Developments in Primatology: Prog-
ress and Prospects. Primate Biogeography, Springer,
New York, 269-300.

Strong T. & Goodbar J., 2005. Vertebrate Species Use of
Caves in the Chihuahuan Desert. In: the 14th Inter-
national Congress of Speleology, August 21-28,
2005, Kalamos, Hellas, 269-274.

Turbanov L.S., Kukushkin O.V. & Vargovitsh R.S., 2019.
Amphibians and reptiles in the subterranean cavities
of the Crimean Mountains. Russian Journal of Her-
petology, 26(1): 29-53.
http://dx.doi.org/10.30906/1026-2296-2019-26-1-29-53

Weinell J.L., Hooper E., Leviton A.E. & Brown R.M.,
2020. Iustrated Key to the Snakes of the Philippines.
Proceedings of the California Academy of Sciences,
66: 1-49.



