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First, there is a great need for more new basic re-
search focused on biodiversity conservation, including system-
atics, ecology, behavior. and current patterns of distribution
and abundance. Without such fundamental information, con-
servation planning will be incomplete at best.

Heaney et al., 1999: 315.

The information needed to make sense of Asian
herpetology is not lurking in the literature: it is still out there in

the rice paddies and in the vanishing patches of montane for-
est.

Crombie, 1992: 593

ABSTRACT

T/ae herpetological fauna (amphibians and reptiles) of the Philip
pines is extremely rich in total species numbers, taxonomic diver-
sity, and percent endemism—especially when considered as a function of
available land area. The last 10 years of hevpetological research in
the Philippines have seen a dramatic increase in interest in tax-
onomy, biogeography, phylogenetic systematics, conservation, and
biodiversity of Philippine species, especially amphibians. In the
last decade, vver 50 previously unrecognized species have been
identified. Despite the publication of a recent Jield guide to the
amphibians of the Philippines, available species summaries and
diagnostic keys are curvently out of date because brogress has
been 50 rapid. Revisions of these works are needed but must await
the completion of several comprebensive taxonomic investigations
currently in progress. In gemeral, amphibians (especially ranid
frogs) have received mare attention than reptiles.
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During the same period, theve has been less activity in
ecological research and conservation, and little or no activity in
disciplines such as behavior, microevolution, reproductive biol-
ogy, or population biology. In this paper we review a few model
studies and point out where others ave badly needed.

Available biogeographic analyses, combined with new,
unpublished data, demonstrate that the distributions of amphib-
ians and veptéles in the Philippines have been strongly influ-
enced by the mid- to late-Pleistocene formation of several aggre-
gate island complexes as well as by climatic gradients assoctated
with elevation and anthropogenic disturbances (primarily de-
forestation). Each Pleistocene aggregate island complex is a major
center of biological diversity, and within these major (and sev-
eral other minor) land mass amalgamations, there exist numer-
ous sub-centers of endemism and diversity centeved on isolated
mountains or mountain vanges. Amphibians and reptiles may
represent particularly appropriate model organisms for the study
of these lesser centers of biological ovrganization due to their ten-
dency towards finer-scale differentiation and isolation on single
montane “islands” and mountain ranges. Several recent studies
have begun the process of integrating phylogenetic data, species
distribution data, and studies of the process of speciation on
unigque montane habitats, but many more ave needed. In par-
ticular, the field of molecular systematics stands out as an im-
mensely powerful set of tools that has yet to be tapped by conser-
vatrion biologists in the Philippines.

The last decade bas seen several attempis to asiess the
conservation status of many of the Philippines’ unique and pre-
sumably threatened amphibians and reptiles. These efforts have
been hampered by a general lack of knowledge, a paucity of basic
baseline survey data, a lack of integration, public disinterest,
bureaucraric obstacles to vesearch, and by limitations in resources.
The number one cause of amphibian and veptile population de-
clines clearly is catastrophic habitar destruction due to the ac-
tivities of humans.
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Introduction

Situated at the interface between the Oriental and
Australian faunal zenes is the largely oceanic island
nation of the Philippines. The Philippine islands are
home to a spectacular and diverse set of amphibian and
reptile radiations that have captured the attention and
imagination of diversity specialists and biogeographers
since the first accounts of Philippine herpetological di-
versity appeared in the scientific literature (2.2
Boulenger, 1882, 1894, 1920: Peters, 1863; Boettger,
1893; Taylor, 1915, 1918a, 1919, 1920a, 1920b, 1921,
1922a, 1922b; Taylor and Noble, 1924; Noble, 1931;
Schmidt, 1935). The career of Edward H. Taylor in the
1920’s (Taylor, 1975) brought the Philippines to the fore-
front of global appreciation of amphibian and reptile
diversity as one of the world’s major centers of
herpetological diversity and endemism. Later taxonomic
and biogeographic summaries (Inger, 1954, 1999;
Leviton, 1963; Alcala, 1986; Brown and Alcala, 1970a,
1978, 1980, 1994; Allison, 1996; Brown, 1997; Alcala
and Brown, 1998) further promoted the recognition of
the importance of Philippine herpetological diversity and
stressed the unique nature, evolutionary history, and
remarkable diversity of Philippine amphibians and rep-
tiles (see also Noble, 1931; Duellman and Trueb, 1994).

The last 10 years in Philippine herpetological research
have seen an increase in interest in a diverse range of studies
set against the backdrop of an emerging period of unprec-
edented taxonomic rediscovery, concern for conservation, and
an increase in appreciation for biodiversity. The purpose of
this paper is to review and analyze the past decade’s progress,
to consider its significance within the context of the history
of Philippine herpetology, and to identify prospects and
goals for future research and conservation.
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Composition of the last 10 years’ published literature

For this review we considered only published papers
(or ones that were, at the time of writing, accepted or in press)
and unpublished undergraduate honors, M.S. and/or Ph.D.
theses. We mention unpublished data (theses and a few pa-
pers in review or preparation) in some cases but we can in-
clude contracted reports, private papers, or other
pseudopublications that have not been or will not be peer re-
viewed. We have compiled 109 (see Literature Cited section)
scientific publications on Philippine herpetology from be-
tween the years 1990 and 2001 (Fig. 1). The annual publica-
tion rate has remained relatively stable, with notable excep-
tions (i.e., in 1995 numerous articles were published on rep-
tiles while many articles were published on amphibians in
1999 and 2000). The composition of the last decade’s pub-
lished record was markedly skewed towards research in sys-
tematics, taxonomy, biogeography, and species diversity (Fig.
2). The vast majority of the remaining studies consisted of
ecological (includes population biology and community stud-
ies) and conservation studies and only a very small fraction
addressed other subjects (e.g., information on Quaternary
herpetofaunal communities; Reis, 1999; Reis and Garong,
2001) or were popular articles that, in part, addressed
herpetological topics or biodiversity of amphibians and rep-
tiles (Heaney et al., 2000; Diesmos, 2000, 2001; Brown and
Alcala, 2000; Brown et al., 2002).

History of herpetological studies and species diversity in
the Philippines

The first published papers on Philippine herpetology
included the works of Boettger, Boulenger, Giinther, Mertens,
Peters, Weigmann, and Stejneger, among others (see Inger,
1954; Bayless and Adragna, 1997; Brown and Diesmos, this
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volume). This “age of discovery” in Philippine herpetology

marked the first exposure of the outside world to Philippine
herpetological diversity, and the papers that resulted were al-
most entirely descriptive in nature. The first worker to. con-
centrate efforts on a comprehensive review of Philippine
herpetofauna was Edward Harrison Taylor (1915-1975, see
Literature Cited). In his numerous taxonomic works, Taylor
recognized a total of 89 amphibians and approximately 253
reptiles. Later, Inger (1954, 1960a, 1960b:; see also Hoogstral,
1951) recognized 55 species of Philippine Amphibia, reduc-
ing the species level diversity of Philippine Amphibia by ap-
plication of the Polytypic Species Concept (see Brown, 1997;
Brown et al., 2000; Brown and Diesmos, this volume). In the
mid-1950s Angel Alcala and Walter Brown began a collabo-
rative review of most major groups of lizards (see also Inger,
1958, 1983; Musters, 1983; Inger and Brown, 1980) in the
Philippines and during the course of their field work, pub-
lished numerous additional species descriptions (see Litera-
ture Cited: Alcala, 1955-1986; Alcala and Brown, 1955-1999;
Brown and Alcala, 1955-1994; Brown et al., 1997-1999).
During the same period, Alan Leviton systematically
reviewed the contents of most Philippine snake genera in his
Contributions to a review of Philippine snakes series (Leviton,
1955-1983; see also Leviton and Brown, 1958; Inger and
Marx, 1965; Inger and Leviton, 1966; Gyi, 1970; McDowel,
1974; Malnate and Underwood, 1988). Alcala (1986; see also
Rabor, 1981) summarized some of this taxonomic work, rec-
~ognizing 66 amphibian and 205 reptile species (see also
Afuang, 1995; Gonzales, 1995; DENR and UNEP, 1997).
Progress was made towards a synthesis of species di-
versity by the unpublished works of R. I. Crombie (pers.
comm.). Crombie’s bibliography and annotated check-
list have served as the backbone of many working spe-
cies lists used by researchers in the Philippines in the
past decade.
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The work of A. Alcala and W. Brown later set the
stage for present studies that continue in collaboration with
A. Diesmos and R. Brown. Currently, we recognize a total of
101 species (78, or 77%, endemic) of Philippine amphibians
(Fig. 3) and an approximate total of 258 (169 or 65% en-
demic) species of Philippine reptiles (Fig. 4). That estimate
will surely increase by 10-20% in the coming years as nu-
merous undescribed species are named in ongoing taxonomic
reviews (R. Crombie, pers. comm; Diesmos, Brown, and
Alcala, unpublished data). Summaries of taxa described in
the last decade are presented in Tables 1 and 2.

The vast majority of papers during the last 10 years
of progress in classification and recognition of Philippine
herpetological diversity have been species descriptions (e.g.,
Ota and Crombie, 1989; Lazell, 1992; Wynn and Leviton,
1993; Alcala etal., 1998; Brown et al., 1995a, 1999a, 1999b;
Brown etal, 1997¢, 1999a, 1999b; Lanza, 1999; Gaulke, 2002;
Diemos et al., in review), redescriptions of poorly understood
taxa (Otaetal., 1993; Brown et al., 1997; Brown et al., 1998),
or clarifications of species boundaries (Ota et al., 1989; Brown
et al., 1998; Brown et al, 2000a, 2000b, 2000c, 2001;
Gumprecht, 2001). Additionally, several important papers
have taken the form of more comprehensive reviews of gen-
era or species groups (Gaulke 1992a; Dubois, 1992; Ota and
Ross, 1994; Inger, 1996; Bayless and Adragna, 1997; Fritz et
al., 1997; Brown et al., 1997a, 1997b, 1999b; Brown et al.,
2000a, 2000c; Brown and Diesmos, this volume; Brown and
Guttman, in press; McGuire and Alcala, 2000; Dubois and
Ohler, 2000; Veith et al., 2000; Helfenberger, 2001). All of
these studies have greatly increased recognized species di-
versity in the Philippines.

In amphibians, the greatest areas of activity have been
in ranid frogs. For example, in the Rana signata and Rana
everetti species groups, diversity has increased from two to
twelve species (Brown et al, 2000a; Brown and Diesmos, this
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volume; Brown and Guttman, in press) and platymantine ranid
frog diversity has increased from seven (Inger 1954) to more
than 25 species (Alcala and Brown, 1998, 1999). We now
know that the species diversity of Philippine flying lizards
(genus Draco, 10-12 species; McGuire and Alcala, 2000) is
closer to original estimates of Taylor (1922a, who recognized
11 species) than it is to later estimates of Inger (1983), who
recognized three species (see also Musters, 1983). In total,
over 50 previously unrecognized species have been identi-
fied in the past decade. Thirty-two of these have been for-
mally named or resurrected from the synonymies of wide-
spread polytypic species complexes (14 reptiles and 18 frogs).
At present, more than 15 endemic Philippine frog species
await description (Diesmos, Brown, and Alcala, unpublished
data), and we suspect that many more await discovery.
Some recent discoveries have been truly spectacular.
A new, very distinctive, endemic Philippine genus
(Parvoscincus) of scincid lizards was discovered in the last
decade (Ferner et al., 1997), and further generic subdivision
of one group of ranid frogs currently is underway (Brown et
al., unpublished data). Recognition of Philippine
herpetological diversity has not simply been a process of split-
ting closely-related species; in fact, higher levels of taxonomic
diversity are poorly understood in several key areas. The
phylogenetic affinities of Heosemys (= “Geomyda ) leytensis
and H. spinosa are unclear; generic revision of these taxa may
be required with on-going systematic studies (see Taylor,
- 1920b; Alcala, 1986; Timmerman and Auth, 1988; Buskirk,
1989; Iverson, 1992; Das, 1996a; Shaffer et al., 1997;
Gonzales et al., 1997; McCord et al., 2000). A separate ge-
nus, Coelognathus, has been resurrected to accommodate
Indo-Malayan ratsnakes (previously of the genus Elaphe;
[Leviton, 1979]), including four Philippine taxa (Heltenberger,
2001). Finally, the discovery of a spectacular new species of
frugivorous monitor lizard (Gaulke and Curio, 2001), pre-

Silliman Journal Vol. 42 No. 1 2001

The State of Philipine Herpetology 25

sumably closely related to the Philippine endemic Varanus
olivaceus, has captured the attention of herpetologists around
the world. These studies indicate that an enormous amount
of descriptive taxonomic work has yet to be conducted in the
Philippines before we can adequately assert that the coun-
try’s amphibian and reptilian species diversity is reasonably
well known.

The types of data utilized by amphibian and reptilian
taxonomists working in the Philippines have changed in some
cases but have remained the same in many others. Although
taxonomists are now distinguishing between species with
DNA sequence divergence data (McGuire and Kiew, 2001;
Brown et al., unpublished data), phylogenetic evidence such
as a species’ position in evolutionary trees (McGuire and
Alcala, 2000; Brown and Guttman, in press), fixed allozyme
differences (Brown, 1997; Brown and Guttman, in press),
ecological differences (Brown et al., 2000a, 2000c¢) and
behavioral differences (especially variation in acoustical ad-
vertisement signals of male frogs; Brown et al., 1997c, 1999a,
1999b; Brown and Guttman, in press), the majority of recent
taxonomic papers have used morphological data in the form
of character differences and comparisons of morphometric
measurements or ratios of body proportions (Brown et al.,
1997a, 1997b, 1997c, 1999a; Brown et al., 1995a, 1995b,
1999a, 1999b, 2000a, 2001).

Review of biogeographic studies of Philippine amphib-
ians and reptiles

The first attempt at a biogeographic summarization
of Philippine herpetofauna was Taylor’s (1928) chapter in
Dickerson’s Distribution of Life in the Philippines. Taylor
(1928) summarized the known species diversity at the time,
plotted the distribution of the genera throughout the archi-
pelago, and commented on possible dispersal routes. He also
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recognized the distinction between land-bridge (e.g., Palawan
Aggregate Island Complex) and oceanic portions (the remain-
der) of the Philippines, although his distinction was inferred
from distributional dati from the fauna and not explicitly from
a knowledge of channel depths or geological reconstructions.
Taylor also noted the presence of several Sunda Shelftaxa in
Palawan herpetofauna and the distribution of the more spec-
tacular Philippine radiations (lizards of the genus
Brachymeles, frogs of the genus Platymantis, and snakes of
the genera Oxyrhabdium, Cyclocorus, and Hologerrhum) con-
fined to the oceanic portions of the Philippines.
Later biogeographic summaries included papers by
Inger (1954, 1999) on amphibians, Leviton’s (1963) paper on
snakes, Brown and Alcala’s (1978) comments on gekkonids
and their summary of the biogeography of the archipelago’s
herpetofauna (Brown and Alcala, 1970a). Brown (1997),
Allison (1996), and Inger (1999) have summarized these data
in the larger context of SE Asia and the SW Pacific. Most of
these studies take similar approaches, namely the discussion
of the zoogeographic relationships of the islands as indicated
by calculation of faunal similarities (see also Brown and
Alcala, 1986 and Ferner et al., 2001). All of these traditional
summaries recognized most of the faunal subprovinces (five
to seven distinct Pleistocene Aggregate Island Complexes)
of Heaney (1985, 1986) as unique centers of biological ende-
mism. Thus, Inger (1954), Leviton (1963) and Brown and
Alcala (1970) all taxonomically recognized suites of endemic
“taxa on Luzon as separate from those of Mindanao or the
Visayas (as embodied by the known herpetofauna of Negros;
see Ferner et al, 2001) but fell short of acknowledging the
importance of the lesser studied deep water islands of
Mindoro, Sibuyan, Siquijor, Tablas + Romblon, Burias, is-
lands of Batanes and the Babuyans, Camiguin, and Lubang.
So, although endemic species were described from some of
these islands (e.g., frogs and gecko endemics of Babuyans,
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Camiguin or Tablas; Brown and Alcala 1967, 1974, 1978)
the explicit geological basis for the processes that may have
led to these patterns of species endemism had not been em-
phasized. However, although Inger (1954), Leviton (1963),
and Brown and Alcala (1967, 1970a, 1986) acknowledged
channel depths as potential barriers to dispersal (deeper chan-
nels indicative of a reduced chance of landbridges having
existed in the past), the underlying framework for recogni-
tion of all deep water islands as unique centers of biological
endemism was not widely recognized until Heaney (1985,
1986) traced the underwater 120 m bathymetric contours
throughout the Philippines (Fig. 5). This exercise explicitly
illustrated Pleistocene sea shores at the end of last glacial
episode (22-12,000 years before present) and the formation
of enlarged aggregate island complexes by exposure of land
positive connections between Philippine islands separated by
less than 120 m (Fig. 5). The recognition of Pleistocene ag-
gregate island complexes is the appropriate framework for
appreciation of Philippine biodiversity on all levels (Heaney
and Regalado, 1998), for it is the unique geological history
of the islands that unites the evolutionary histories of all these
islands’ residents (review: Brown and Diesmos, this volume).
Understanding of mid- to late-Pleistocene geology is the key
to appreciating the distribution of life in the Philippines
(Taylor, 1928; Inger, 1954; Leviton, 1963; Brown and Alcala,
1970; Heaney, 1985, 1986; see also Hall, 1996, 1998), and it
is the key to formulating effective conservation strategies
(Utzurrum, 1991; Oliver and Heaney, 1997; Heaney and
Regalado, 1998). Additionally, interpretation of Philippine
biodiversity in the context of Pleistocene geology is the best
approach for formulating taxonomic and zoogeographic hy-
potheses (see below) for testing in a phylogenetic context
(Brown, 1997; Brown et al., 2000c; McGuire and Alcala,
2000; McGuire and Kiew, 2001; Brown and Guttman, in
press).
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Finally, one last class of papers warrants con-
sideration when reviewing Philippine biogeographi-
cal studies. These are faunal inventories, focused
on singular sites or regions (i.e., Leviton, 1955;
Alcala, 1956, 1958; Rabor and Alcala, 1959;
Alviola et al., 1998; Smith, 1993a, 1993b; Ubaldo,
1999; Reis and Garong, 2001), particular mountains
Or mountain ranges (Alcala and Brown, 1955;
Custodio, 1986: Alcala et al., 1995; Brown et al.,
1996; 2000b; Diesmos, 1998), small islands (Brown
and Alcala, 1963b, 1967, 1974; Ross and Lazell,
1991; Ross and Gonzales, 1992; Gaulke, 1993,
1999; Gaulke and Altenbach, 1994; Gaulke, 1994a,
1995a, 1996,1999), and large islands (Gaulke,
1994b, 2001a, 2001b, 2001¢; Sison et al., 1995;
Denzer et al. 1999; Ferner et al, 2001; Gaulke ,
2001a, 2001b, 2001¢). One important new study (a
first of its kind in Philippine herpetology) addressed
biogeographical r'elationships of Palawan using new
data on late Quaternary vertebrate communities,
including amphibians and reptiles (Reis and
Garong, 2001). Further faunal inventories are badly
needed to fill in gaps in distribution data left by
earlier biogeographic summaries that conspicuously
missed certain mountains or islands (Inger, 1954,
1999; Leviton, 1963; Brown and Alcala, 1970a).
Published faunal papers are extremely important
because of their role in educating the international
community about Philippine biodiversity, and be-
cause they are an important source of baseline data
for biogeographers, conservation biologists, ecolo-
gists, and systematists. Unfortunately, many impor-
tant data that have been collected are unavailable in their
unpublished form (government and non-government
organization or private organization reports).
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Phylogenetic and phylogeographic studies of Philippine
amphibians and reptiles

The last several years have seen the advent of a new

group of studies in Philippine herpetology. Brown (199?;
Brown and Guttman, in press) conducted the first phylogenetic
analysis of an endemic radiation of Philippine amphibians,
and Brown et al. (2000c) and McGuire and Kiew (2091) pu.b-
lished the first phylogenetic analyses of SE Asian reptﬂea.‘. with
a significant proportion of their diversity. represe.:nted in the
Philippines. These three studies are significant in that they
represent the first of their kind in Philippine herpetolggy and
also because they strongly support interpre?atlf)ns of
biogeographic patterns and routes of island colonization not
previously suggested by data from birds anq H-mmmals. F'or
example, Brown (1997) found that the Philippine Rana sig-
nata complex was composed of two major cl'adeg of frogs
(Fig. 6a), one centered on the eastern Philippine island arc
(Sulu-Mindanao-Leyte-Samar-Luzon) and one centered on the
western island arc (Palawan-Buswanga-Mindoro; Brown,
1997; Brown and Guttman, in press), and that the stream frogs
from Mindoro island were more closely related to those from
Palawan and the Sunda Shelf than they were to the entire
remainder of the oceanic portion of the Philippines (contr.a
Inger, 1954, and Brown and Alcala, 1955, 1970a). In an addi-
tional phylogenetic study, Brown et al. (2000c; see Browln
and Diesmos, in press, for review) conducted a phylogenetic
analysis of the flap-legged geckos, genus Luperosaurus (ha%f
of which are Philippine endemics). This study showed evi-
dence of two monophyletic clades, one with three noln_—Pl?11~
ippine species and the other containing the four Phlllp-p.]ne
species plus one species from northern Borneo. The position
of the Bornean species, nested well within this se(:f)nd clade,
suggested a re-invasion of Borneo from a Philippln}e source
(probably the Sulu archipelago) following the initial radia-
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tion in the Philippine (Fig. 6b; Brown et al., 2000c; Brown
and Diesmos, 2000).
McGuire and Kiew (2001; see also McGuire and
Alcala, 2000) have demonstrated that tlying lizards possess a
much greater (10-12 lineages) species diversity in the Philip-
pines than previously thought and that the endemic Palawan
species is much more closely related to the true oceanic Phil-
ippine radiation than it is to Sunda Shelf species as suggested
by earlier taxonomy (Fig. 7; contra Musters, 1983; Inger,
1983; Ross and Lazell, 1991). It is clear from McGuire and
Kiew’s (2000) analysis that Philippine Draco are derived from
three separate invasions of the Philippines from the Sunda
Shelf (Fig. 7).
Recent phylogenetic analyses of Old-world ratsnakes
(Helfenberger, 2001) do not satisfactorily resolve the ques-
tion of the monophyly of the Philippine supspecies of Elaphe
(=Coelognathus) erythrura (philippina, erythrura,
manillensis, and psephenoura; Leviton, 1979), but suggest
that some Philippine lineages (designated as subspecies by
Leviton, 1979) may, in fact, be valid species that are not each
other’s closest relatives. This study suggests that the rela-
tionships of the Philippine ratsnakes may be more interesting
than previously thought, but that further studies, focussing
specifically on the Philippine radiations, are needed. Recent
phylogenetic analyses of crotaline snakes (Kraus et al., 1996;
Malhotra and Thorpe, 1997, 2000) have included one or two
species known from the Philippines. These analyses suggest
the placement of Philippine radiations within larger groups
of species but, as of yet, no exhaustive studies of Philippine
radiations of snakes have been forthcoming.
One additional line of study (Emerson and Berrigan,
1993; Emerson, 1996; Emerson et al., 2000) contained sev-
eral Philippine species of fanged frogs, genus Limnonectes.
These studies indicate that the Philippine members of this
genus are not a monophyletic group, but instead, most be-
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long to a clade that also contains species from Sulawesi, sug-
gesting a novel Philippines-Sulawesi connection (Evans et
al., unpublished data) that have not been previously suggested
by biogeographic studies of birds or mammals.

Phylogenetic analyses of several other groups of
Philippine frogs are underway (Brown et al., unpubhsh_ed
data; Evans et al., unpublished data) and similar studies
of selected Philippine lizard genera are also currently
in progress (McGuire, Brown, and Diesmos, unpublished
data). Results of these studies are preliminary bu.t con-
tinue to suggest that the unique dispersal abilities of
amphibians and reptiles, coupled with their finer scale
patterns of differentiation on montane centers of ende-
mism, have resulted in biogeographic patterns that are
very different from those postulated traditionally for
birds and mammals.

We believe that amphibians and reptiles repre-
sent excellent model systems for elucidating
phylogenetic and interspecific phylogeographic patterns
characteristic of lower relative dispersal abilities. As
such, they should provide a powerful set of tools for
distinguishing between hypotheses of vicariance from
those of dispersal (characteristic of birds and volant
mammals). Furthermore, future studies of Philippi.ne
amphibians and reptiles should provide a wealth of in-
formation to biogeographers on differing evolutionary
processes that lead to their unique biogeographical pat-
terns.

Ecological studies of Philippine amphibians and reptiles
Although there have been important ecological con-
tributions to the literature in the last decade, a review of stud-

ies conducted in the past is necessary because so much of
what we know is based on earlier work. It has become clear
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that amphibian and reptile community structure is strongly
influenced by elevational gradients. The general results of
workers utilizing elevational transect sampling regimes
(Brown and Alcala, 1961; Brown et al., 1995b; 1996, 2000b;
Diesmos, 1998; Ferner et al., 2001) suggest that species di-
versity decreases and endemicity increases with elevation
(with a possible mid-elevation species bulge in diversity;
Brown and Alcala, 1961; Diesmos, 1998). At present we lack
the kind of fine scale information on elevational gradients
that has been provided for mammals (e.g., Heaney and Rickart,
1990; Heaney et al., 1991; Rickart et al., 1991; but see
Diesmos, 1998), and we have no detailed information (other
than percent endemism) for community structure variation
along elevational gradients on land-bridge versus oceanic is-
lands. Such studies are greatly needed.

Habitats. The first sources of habitat preferences of Phil-
ippine amphibians and reptiles have been the descrip-
tions of the habitats in which species were collected by
taxonomists. Most of the taxonomic works of various
workers (see Literature Cited; papers by Taylor, Brown,
Alcala, Rabor, Inger, Leviton, Diesmos, Brown,
McGuire, Gaulke, Ferner, and collaborators) mention
specific microhabitats from which specimens were col-
lected. From these works we can discern that important
microhabitats for amphibians and reptiles collected in
original forests include streamside microhabitats (on and
under rocks, overhanging vegetation, debris on the
banks, etc.), trees (on trunks, in branches, under bark,
in canopies), epiphytes (aerial ferns, pandans, orchids,
moss mats, suspended debris), litter and humus layers,
upland moss accumulations, etc. A comprehensive syn-
thesis of all that is known about habitat preferences
would be very useful, but to date such a reference is
still lacking. Fortunately, data on the microhabitat pref-
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erences of many species are available in the publica-
tions listed in this section.

Several important papers of the past 15 years have
expanded our knowledge of specific habitat preferences.
Alcala and Brown (1987) discussed the habitat preferences
of the unusual Philippine endemic frog, Barbourula
busuangensis. Gonzales and Dans (1994) expounded on ar-
boreal habitat preferences of certain lizards and amphibians
on Mt. Makiling (see also Das and Charles, 1994; see also
Torres, 1955), and Gaulke (1995b) reported on the unusual
utilization of arboreal habitats by typhlopids (see also Taylor
1922¢). Diesmos (1998) gave detailed descriptions of frog
microhabitat preferences on Mt. Makiling and Mt. Banahao,
S. Luzon, and Brown et al. (1996, 2000b) have presented
habitat information on populations in the Zambales and Si-
erra Madre mountains. Recent survey work by Ferner et al.
(2001) and Gaulke (2001a, 2001b, 2001c) includes signifi-
cant new information on the habitat preferences of several
poorly known species from Panay Island. A recent investiga-
tion into cave habitats (C. Dolino, unpublished data) should
provide interesting new information on subterranean species’
habitat preferences (see also Brown and Alcala, 2000). Brown
and Diesmos (2000) discuss the paucity of information on
canopy habitats in the Philippines (see also Lowman, and
Nadkarni, 1995) and the lack of knowledge regarding the
microhabitat preferences of geckos of the genera
Luperosaurus, Pseudogekko, and Ptychozoon (see also Brown
etal., 1997, 2000c). Auffenberg and Auffenberg (1988) have
provided detailed habitat descriptions for 11 sympatric spe-
cies of southern Luzon scincids, and Auffenberg (1988),
Gaulke (1989a, 1992b), and Bennett (1999a, 1999b) provided
some information on varanid lizard habitat preferences.

More detailed descriptions of species partitioning in
heterogeneous habitats and elevational gradients are avail-
ablein Alcala (1967, 1980), Custodio (1986), Auffenberg and
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Auffenberg (1988), Brown et al. (1995b, 1996), Diesmos,
1998; Hampson (1999b), and Ledesma (1999). Additionally,
Smith (1993a, 1993b), Alcala and Brown (I 098), Bennett
(1999a, 1999b), Hampson (1999a, 1999b, 2001), Ledesma
(1999), and Gaulke (1992b; 1994a, 1995b, 1996, 1999), all
contain other incidental habitat preference details for species
involved. Brown et al. (2000a) utilized microhabitat prefer-
ence differences to facilitate the recognition of a new species
of frog from the Sierra Madre mountain range (Rana tipanan).

Reproduction and development. There has virtually been no
progress in the study of developmental biology of Philippine
species in the past 10 years and nearly all of what we know
comes from the studies of earlier workers, most notably A.
Alcala, in collaboration with Brown (Alcala and Rabor, 1957;
Alcala, 1962; Alcala and Brown, 1955, 1956, 1982; Brown
and Alcala 1982b; see also Brown and Reyes, 1956). Given
the absence of recent studies directed at development and re-
production, we are left with an attempt to piece together what
is known from these earlier studies, combined with an effort
to summarize incidental observations from recent works. With
the exception of limited developmental data on a few newly-
described direct developing frogs of the genus Platymantis
(Brown et al., 1997a, 1997b), there has been almost no new
information published on developmental timing, reproduc-
tive effort, clutch size, or other basic life history characteris-
~ tics since the time of Brown and Alcala’s (1982b) review.
For information on particular species, readers are referred to
this work. In general, however, we can state that a high de-
gree of life history variation is exhibited by Philippine
Amphibia. For example, ranid frogs of the genus Platymantis
all exhibit reliance on direct development (Alcala and Brown,
1955b, 1982; Alcala, 1962), while some groups (e.g.,
rhacophorids) possess a variety of reproductive tactics, from
direct development (all Philautus) to the construction of ar-
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boreal foam nests coupled with aquatic development at later
larval stages (Rhacophorus and Polypedates, Alcala, 1962;
Alcala and Brown, 1982, 1994; Brown et al., 1997a). Most
non-platymantine ranids, bufonids, microhylids, megophryids,
and caecilians rely entirely on indirect aquatic development
(Taylor, 1920a; Inger, 1954; Alcala and Brown, 1956; Alcala
and Alcala, 1980; Brown and Alcala, 1982b) while some
ranids undergo terrestrial development in nests near or away
from water (Inger, 1954; Alcala, 1962; Brown and Alcala,
1982b; Inger et al., 1986; see also Brown and Iskandar, 2000).
Finally, some life histories in the Philippines still completely
unknown (i.e., Barbourula busuangensis, family
Bombinatoridae; Taylor and Noble, 1924; Myers, 1943;
Brown and Alcala, 1982b; Alcala and Brown, 1987; Ubaldo,
1999; Diesmos, Infante, Gee, and Brown, unpublished ob-
servations) provide opportunities for exciting future studies.

Auffenberg and Auffenberg (1989) provided a detailed
descriptive study of reproductive patterns in 11 sympatric
skink species from the Caramoan peninsula of southern Luzon.
Their study described a striking level of diversity in clutch
composition (egg number and size), parity mode (viviparous
vs. oviparous), and seasonality (month of egg laying) of the
reproductive effort in the species studied. It is clear from this
study that we have barely scratched the surface of describing
and understanding patterns in reproductive biology of Philip-
pine scincid lizards. It is also quite clear that the spectacular
diversity of reproductive patterns in Philippine scincids pro-
vides unparalleled opportunities for future research.

There is no comprehensive review of Philippine rep-
tile reproductive modes available, but some information on
seasonality and reproductive effort can be found in the pa-
pers of Alcala (1962; 1967), Alcala and Brown (1967), Brown
and Alcala (1970c, 1982b), Auffenberg (1988), Auffenberg
and Auffenberg (1988, 1989), and Gaulke (1989a, 1992a,
1992b). Additionally, it would be very useful to compile a
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reference for reproductive timing, clutch size, and incubation
period for Philippine snakes and lizards. These areas are fer-
tile grounds for future research.

Population biology. Population studies involving Philippine
amphibians and reptiles have been traditionally limited
(Alcala, 1955, 1967, 1970; Alcala and Brown, 1967; Brown
and Alcala, 1961, 1963c, 1970c). The most in-depth focal
study of a single Philippine species of reptiles is the work of
Auffenberg (1988) on gray’s monitor lizard, Varanus
olivaceus, published just over a decade ago. Auffenberg (1988)
provided information on reproduction, life history trait varia-
tion, behavior, population size and densities, age structure,
natural longevity, and diet of V. olivaceus. Since that time,
Gaulke (1989a, 1991a, 1992a, 1992b) has provided some of
the same data for selected other subspecies of Varanus
salvator, and Bennett, (1999a, 1999b) has supplemented our
knowledge of diet, movement patterns, and parasite loads on
Polillo island populations of ¥ 5. marmoratus and ¥’ olivaceus.
There are no recent studies on the population biology of Phil-
ippine amphibians save for Afuang’s (1994) study on the in-
troduced species Bufo marinus.

Community ecology. There have been only a few studies of
amphibian and reptile communities in the past (Brown and
Alcala, 1961, 1963¢; Custodio, 1986; Diesmos, 1998; Brown
et al., 1996, 2000b; Ferner et al., 2001). Auffenberg and
Auffenberg (1988) provided a detailed description of a com-

‘munity of 11 species of sympatric scincids on the Caramoan

Peninsula of S. Luzon. Their analysis showed that scincid
species diversity is positively associated with density of veg-
etation and structural complexity and that, among habitats,
intact original forest was the habitat that supported the high-
est species diversity. In natural habitat gradients, such as the
study area utilized by Auffenberg and Auffenberg (1988; from
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Intact virgin forest to beach side habitats), there exists a wide
range of habitats, none of which was utilized by all species
considered. In fact, physically similar and dissimilar species
pairs (Brachymeles samarensis-B. boulengeri, Mabuya
multicarinata-M. multifasciata, Dasia grisia-Lipinia
pulchella) occupying similar habitats showed evidence of
ccological replacement. Finally, Auffenberg and Auffenberg
(1988) showed no evidence of prey selection or food as a
limiting resource. They did show strong evidence of niche
variation based on habitat preferences (variation in diet com-
position as a function of the available prey in different habi-
tats), prey item shifts on populations inhabiting both forested
and open habitats, and temporal variation in diet brought about
by natural seasonality.

Recent studies include the investigation into lizard
communities on Polillo Island by Ledesma (1999) and stud-
ies of frog communities by Hampson (1999b, 2001). These
studies demonstrated that diversity is highest in forested habi-
tats, or in boundary areas where forest and perianthropic/ag-
ricultural commensuals coexist. One of these studies demon-
strated clearly that frog species density and richness increases
with increasing distance into the forest away from agricul-
ture (Hampson, 1999b, 2001).

Behavior. There have been virtually no behavioral studies in
the history of Philippine herpetology, despite the enormous
potential for research offered by Philippine populatiops of
amphibians and reptiles. There have been significant
behavioral observations of selected species, mostly having to
do with antipredatory behavior and habitat preferences (Brown
and Alcala, 1961, 1978; Brown et al., 2000a, 2000b), repro-
ductive behavior (Alcala et al., 1987; Auffenberg, 1988; Gaulke,
1991a, 1992b; Auffenberg, 1988), diets (Reyes, 1957, 1968), or
even spacing patterns and pattemns of movement (Auffenberg, 1988;
Auffenberg and Auffenberg, 1988; Bennett, 1999a, 1999b).
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Recently, there have been an increasing number of
papers containing information on communication in Philip-
pine frogs (e.g., Alcala et al., 1986; Brzoska et al., 1986;
Brownetal., 1997b,:1997¢, 1999a, 1999b; Hampson, 1999b),
and one in-depth study of the evolution of diversity of
behavioral mate-recognition signals in the genus Platymantis
currently is underway (Brown et al., unpublished data).

Conservation: a review of what we know and suspect

It is abundantly clear that amphibian and reptile
populations in the Philippines are imperiled due to massive
loss of their forested habitats (Brown and Alcala, 1986, 1994:
Auffenberg, 1988; Diesmos, 1998; Gaulke, 1989b, 1992b,
1998; Hampson, 1999b; Brown et al., 2000b; Ferner et al.,
2001; Heaney and Regalado, 1998; Heaney et al., 1999). Other
anthropogenic factors include the indirect effects of industry
and population growth, subsistence farming and habitat modi-
fication, and the direct causes of population declines due to
over-hunting, and exploitation of populations for food and
trade (Seale, 1917; Taylor, 1920b; Domantay, 1953; Punay,
1975; Ross, 1982; Bacolod, 1984, 1990; de Celis, 1995;
Gaulke, 1998). Still, despite all other known causes of de-
clines, we must accept that the removal of original forests or
other forms of habitat loss remains the most pervasive cause
of population decline in all forms of terrestrial Philippine
wildlife (Brown and Alcala, 1 986, Whitmore, 1984; Whitmore
- and Sayer, 1992; Primack and Lovejoy, 1995; Heaney and
Mittermeier, 1997; Heaney and Regalado, 1998; Heaney et
al., 1999). There can be no doubt that a significant percent-
age of habitat loss is related to government-sanctioned com-
mercial industries (Heaney and Mittermeier, 1997; Heaney
and Regalado, 1998; Heaney et al., 1999). Philippine forests
continue to be felled at an alarming rate (Bawa et al., 1990;
Whitmore 1990; Collins et al., 1991; Whitmore and Sayer,
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1992; Primak and Lovejoy, 1995). Although logging in
the Philippines has significantly slowed, it is clear that
this trend is due primarily to the absence of significant
stands of Philippine timber left to cut (Heaney et al.,
[999) rather than as a result of government grassroots
wildlife protection initiatives or government efforts to
sustainably manage resources (Kummer, 1992; Sajise et
al., 1996).

The last ten years have seen an increase in designa-
tion of protected areas and in public awareness of the need to
preserve the habitats of endangered Philippine amphibians
and reptiles (Brown and Alcala, 1986; de Celis, 1995; Sajise
ctal., 1996; DENR and UNEP, 1997; DENR and PALF, 1998;
Heaney and Regalado, 1998; ECPF, 1998; Gaulke, 1998;
Hicks, 2000; Tan, 2000). These advances in the potential for
habitat protection are most encouraging (reviews: Heaney and
Regalado; Heaney and Mittermeier, 1997; Heaney et al.,
1999).

Conservation status of species. In recent years there has been
a first genuine attempt to arrive at a consensus concerning
the conservation status of amphibians and reptiles in the Phil-
ippines (Magbanua, 1991; Alcala and Custodio, 1995; Afuang
and Gonzales, 1997; Gonzales et al., 1997; CI, FFI, and [UCN-
SSC, 1999; Gaulke, 1998; Banks, 1999). In the past, interna-
tional attention, concern, and attempts at regulation in the
form of CITES or IUCN listings were limited to marine tur-
tles (genera Eretmochelys, Lepidochelys, Chelonia, Caretta,
and Dermochelys; see also de Celis, 1995), sailfin lizards (ge-
nus Hydrosaurus), a few freshwater turtles (genera Heosemys,
Pelochelys), crocodiles (Crocodylus porosus and C.
mindorensis; Ross, 1982; Trono, 1992; Ross and Alcala, 1993;
Palma, 1993; Ortega et al., 1993; Regioniel, 1995), pythons
(Python reticulatus), large water snakes (e.g., genera Cerberus,
Acrochordus, Laticauda, Hydrophis and Lapemis), a few
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terrestrial snakes (e.g., genera Naja, Elaphe, Stegonotus,
Zoacys; Alcala, 1986; Ross et al., 1987), and monitor lizards
(Varanus; Gaulke, 1998)—those species presumably at risk
due to an aggressive SE Asian leather trade (reviews: unpub-
lished Sagip Wildlife Program list; Alcala, 1986; Gonzales
et al., 1997, Erdelen, 1998; Gaulke, 1998; van Dijk et al.,
2000). More recently, Alcala and Custodio (1995) and Afuang
and Gonzales (1997; see also Banks, 1995, 1999) have begun
an effort to address the conservation status of other, less no-
ticeable species such as frogs (Afuang and Gonzales, 1997;
CL, FFI, and IUCN-SSC, 1228; Banks, 1999; review: Hilton-
Taylor, 2000). In contrast to many species status initiatives of
the past that have argued for increased protection due to over-
exploitation by humans, more recent projects (Alcala and
Custodio, 1995; Gonzales et al., 1997; Banks, 1999) show
that the majority of the newly listed species are considered
threatened primarily by habitat loss, or are vulnerable as a
consequence of limited geographical distributions.

The 1997 Wildlife Conservation Society of the Phil-
ippines Philippine Red Data Book (WCSP, 1997) represented
the first attempt to arrive at a consensus as to the conserva-
tion status of Philippine amphibians and reptiles. Two am-
phibians and 10 reptiles considered globally threatened in the
Philippines were included. Later, following the launching of
the “Global Amphibian Campaign” (CI, FFI, and [UCN-SSC,
1999), Banks (1999) included an additional 32 species of
Philippine amphibians in the 2000 Red List of Threatened
- Species. A new, comprehensive re-assessment of amphibian
species’ conservation status will soon be forthcoming
(Diesmos et al., unpublished). We hope these efforts will re-
sult in increased protection of vulnerable populations, in-
creased public awareness (Afuang et al., 2002), the designa-
tion of conservation priorities based on data (not politics),
and increased use of conservation resources towards the study
and protection of potentially threatened species.
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Exploitation and consumption of amphibians and reptiles.
There exists only a handful of studies documenting the ex-
ploitation of amphibian and reptile populations (as food
sources, and for the leather and pet trades) in the Philippines.
In general there are a few published reports that mention the
use of amphibians and reptiles as food sources by indigenous
groups (Villamor, 1990; Luxmoore and Groombridge, 1989;
see also Gaulke, 1992b, 1998). We know that amphibians (rice
field frogs of the genus Rana and fanged river frogs of the
genus Limnonectes), reptiles (lizards of the genera
Hydrosaurus and Varanus), and snakes, (i.e., genus Python)
form an important part of the diet of many indigenous cul-
tures in the Philippines (Lopez, 1976; Kikuchi, 1984; Griffin
and Estioko-Griffin, 1985; Schult, 1991; review: Gaulke,
1989b). Road-side hawkers offering pythons and monitor liz-
ards for sale are a common sight throughout the country (ex-
cept in predominantly Muslim areas; pers. obs.).

However, many of the desired data (species identi-
ties, numbers of individuals harvested, seasonality of harvest,
locations of primary harvests, percentage of the harvests that
are subadults, sex of specimens harvested) are still lacking.
We are in drastic need of these types of data in order to im-
plement informed management decisions. Although leather
and pet trade harvest and export were completely banned in
1994, the industry continues to thrive (Bacolod, 1984; 1990;
Gaulke, 1989b, 1998) and is possibly growing (F. Yuwono,
pers. comm.). Hides of Philippine reptiles continue to appear
in overseas markets at the same time that rare and protected
Philippine species are now increasingly advertised for sale at
exorbitant prices on the internet (Brown, pers. obs.) as curi-
osities and “captive biological specimens” (= pets), report-
edly, but doubtfully, bred in captivity in an attempt to “legal-
ize” the selling of protected wildlife. We do know that un-
regulated exploitative harvests of sea snakes for skins have
devastated rookeries in the Visayan sea (Bacolod, 1984; 1990),
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and that at present there are no specific laws in place to pro-
tect sea snakes from leather trade overexploitation (Gaulke,
1989b). The next decade will be a critical period in which the
challenges of gaininginformation on these uses of amphib-
ians and reptiles must be addressed in a meaningful fashion.
Some of the countries surrounding the Philippines
have made efforts to monitor, regulate, and sustainably man-
age reptile harvests (Erdelen, 1998; van Dijk et al., 2000),
and it is now time to begin a dialogue on the Philippines’
own response to these growing industries. Gaulke (1998) rec-
ommended the implementation of regionally-oriented wild-
life management plans which include protection of certain
areas, but with legal trapping based on quotas and the princi-
ples of sustainable yield in others. This proposal is worthy of
consideration because of the manner in which it may benefit
both the animals and the local communities. In general, regu-
lated, sustainable harvest of protected species is more desir-
able than unfettered, unregulated, unmonitored rampant ille-
gal exploitation (Webb and Vardon, 1998; Shine et al., 1998;
Erdelen, 1998; Webb and Vardon, 1998). We expect that some
Varanus, Acrochordus, Hydrophis, Laticauda, Naja and Py-
thon populations can be harvested at sustainable levels once
data are available to indicate the appropriate levels and har-
vest times. Data needed include the number of individuals
that can be sustainably harvested from a population, when
the appropriate (non-breeding) harvest season should occur,
and which populations may be sustainably culled versus which
must be allowed to recover unmolested.

Illegal collectors view black market trade as a non-
renewable resource that is best exploited as quickly as possi-
ble in order to accrue as much income as possible before their
illegal activities are exposed. In contrast, legally-registered
traders and leather merchants who invest in the monitoring
of their resources tend to protect and guard their sources (see
papers in Erdelen, 1998, e.g., Yuwono, 1998) and prevent
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over-harvesting in order to insure future yields and their own
livelihood. Finally, legal monitoring of reptile harvests would
provide a great many badly-needed data for policy makers
and wildlife biologists. With information on yields, size of
harvests, percentages of each sex, and harvest locations (e.g.,
Shine et al., 1998), informed, biologically sound recommen-
dations, and management decisions could be made to insure
the continued survival of economically important species
(Yuwono, 1998; Melisch, 1998; Gaulke, 1998). In the absence
of such data, we are left with ignorance and forced to pro-
ceed from guesswork, while an unregulated black market in
Philippines amphibians and reptiles continues to thrive.

Introduction of exotic species and the threat they pose. Re-
cent survey work by Diesmos (1998; unpublished data; see
also Diesmos, 2000, 2001) has augmented data on Asian and
American species introduced into the Philippines. We now
know that in addition to.the Sunda Shelf species Rana
erythraea (Brown and Alcala, 1970c; Alcala, 1986), middle
American cane toads (Bufo marinus; Alcala, 1986; Afuang,
1994), Taiwanese bullfrogs (Hoplobatrachus rugulosus;
Diesmos, 1998; Alcala and Brown, 1998), and American bull-
frogs (Rana catesbiana; Inovejas and Vergara, 1985), have
established breeding populations in the Philippines. All of
these species have rapidly spread (Diesmos and Brown, pers.
obs.) from the points of their original introductions. The rapid
generation time, voracious dietary habits, and invasive abil?-
ties of the latter three species suggest that they represent seri-
ous threats to the communities and habitats they currently
inhabit and that syntopic populations of Philippine endemics
may soon be seriously threatened by these introductions. Basic
documentary studies (Heyer et al., 1994) on the spread of
these non-native species and their behavioral interactions with
Philippine species are badly needed to document and, hope-
fully, stem the spread of potentially catastrophic invasions.
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Legal issues, restrictions, and research permits

Gaulke (1998) reviewed the laws (or absence thereof)
governing the exploitation and harvest of monitor lizards,
pythons, sea snakes, and file snakes in the Philippines. The
passage of Executive Order 247 of the Ramos administration
(la Vifia et al., 1997) and the recent Wildlife Bill under the
Macapagal-Arroyo administration are both new attempts to
protect Philippine wildlife and natural resources, including
reptiles and amphibians. These efforts are generally encour-
aging in that they demonstrate an increased concern for the
welfare of Philippine wildlife. Unfortunately, the co-occur-
ring legal restrictions on the activities of research scientists
and wildlife biologists have seriously crippled biodiversity
research.

At present we see the absence of a clear cut distinc-
tion between academic/research and commercially-oriented
activities (La Vifa et al., 1997) as a policy in need of revi-
sion. Without such a distinction, EO 247 will continue to crip-
ple biodiversity studies, despite its good intentions. One nega-
tive impact of the passage of EO 247 has been the manner in
which it has contributed to an incorrect public perception of
biologists as somehow akin to commercial exploiters of the
environment (“bioprospectors™). Executive Order 247 was
designed to protect wildlife and the Philippine environment
from commercially exploitative enterprises such as large scale
commercial harvesting of wildlife (i.e., butterfly and orchid
collecting for lucrative overseas markets, unregulated pet trade

harvests, or large-scale collecting of snakes, lizards, and tur-
tles for shell and leather trades), commercial pharmaceutical
extraction of potentially valuable plant extracts, commercial
logging, or any other activity on the part of persons or groups
who would profit from the sale or copyright of Philippine
biclogical resources (La Vifia et al., 1 997). Unfortunately, the
same restrictions that were developed to monitor and regu-
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late commercial exploitation of biological resources now also
apply to biodiversity researchers and field biologists.
Although biologists must also collect a1.1d preserve
biological specimens as part of biodiversity studies, they do
not use these preserved animals and plants for persc'mal or
commercial gain but, instead, deposit them in internationally
accredited institutions such as the National Museum of the
Philippines (Simmons, 1987; Reynolds et al., 1994;‘ Resetar
and Voris, 1997) where they become part of the public record
and natural heritage of the nation rather than contf'ibute to
money-making enterprises. The philosophical, ethical, an}i
practical differences between the activities of ngn-proﬁt, sci-
entific biologists and for-profit, commercial bloprospegtors
are beyond the scope of this paper, but numerous obvious
distinctions are immediately apparent. The need for reg.u.la-
tory legislation that also distinguishes between th<? activities
of commercial bioprospectors and research biologists shoul.d
be equally apparent. Finally, although we are aware that it
was not intended as such, the current implementation of .EO
247 amounts to a policy of economic discrimination against
university students and junior scientists. This is becagse the
seemingly endless lists of legal requirements 1r_1ake '1t pro-
hibitively expensive and nearly impossible for university stl_l-
dents and biologists working with modest budgets to obtain
legitimate research permits. .

We suspect that most of the present bureaucratic re-
strictions on biologists stem from the understandable yet un-
informed opinion of policymakers that the best way tg pre-
serve Philippine wildlife is to prevent any killing of animals,
even in the name of identifying and cataloging the country’s
biodiversity. It is difficult to find fault with these sentiments
because we too disdain the needless killing of animals. How-
ever, the total prevention of responsible faunal col.lec_ting ef-
forts as part of legitimate biodiversity studies is mlsdl.rected.
First, there is simply no substitute for vouchered locality data
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for mapping distributions of species (Reynolds et al., 1994).
Second, there is no evidence to support the notion that re-
sponsible scientific collecting has negative impacts on natu-
ral populations (Hedges and Thomas, 1991; Goodman and
Lanyon, 1994; Stuebing, 1998). Finally, the absolute need for
the data generated by biologists’ efforts is undeniable. Truly
effective conservation programs rely heavily on quality mu-
seum collections (Hawksworth and Mound, 1991; Hedges and
Thomas, 1991) and the importance of systematic collections
for conservation efforts is immense (Hoagland, 1989; Foster,
1982; Nielsen and West, 1994; Savage, 1995; David, 1996
Leh, 1996; Resetar and Voris, 1997; Shaffer et al., 1998; Pon-
der et al., 2001). This is because the baseline data contained
in museum collections form a disproportionately large per-
centage of material in databasing efforts, conservation prior-
ity-setting activities, and overall conservation of biological
resources (¢.g., Conservation International’s recent Philippine
Priority-Setting Workshops—based almost entirely on mu-
seum collection data).

At present, some informal discussions have been ini-
tiated regarding the establishment of a new Philippine gov-
ernment permitting system that would distinguish between
commercial efforts and academic or university-based research,
and we are very hopeful that relief will be forthcoming. How-
ever, we must stress that current government policies
need to be revised so that they promote, facilitate, and
encourage responsible research on biodiversity rather
than strongly inhibit, restrict, or prevent it. Without such
changes, current laws will probably continue to promote
local paranoia, eventually causing unproductive rifts
between the government and non-government, univer-
sity, local, and scientific communities. The result of such
rifts can only be that Philippine environment, Filipino
biologists, and the biodiversity of this country will con-
tinue to suffer.
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Comparisons with neighboring countries

A superficial look at the herpetological literature from
surrounding SE Asian and SW Pacific countries reveals that
trends in Philippine herpetology fit into the context of a great
regional increase of knowledge during the past half century.
Due to the inequality of progress in all regions, wide-scale
comparisons are impossible at the present time. Neverthe-
less, some valuable comparisons can be made (and hopefully,
are heuristic). For example, while estimates of numbers of
amphibian species in the Philippines have increased (from
55 to 105 species; Inger, 1954; Alcala, 1986; Alcala and
Brown, 1998; Brown and Diesmos, in press), so too have spe-
cies estimates increased significantly on the island of Borneo
(from 92 to 138 recognized species; Inger, 1966; Frost, 1985,
2000; Duellman, 1993; Inger and Tan, 1996a, 1996b; Inger,
1999). In fact similar trends can be seen on the islands of
Java, Sumatra, and Bali (Iskandar, 1998; Frost, 1985;
Duellman, 1993; Inger, 1999; Iskandar and Colijn, 2000),
Sulawesi (Frost, 1985; Duellman, 1993; Iskandar and Tjan,

1996), New Guinea, and the Solomon-Bismark archipelagos
(Frost, 1985, 2000; Duellman, 1993; Allison, 1996; Brown,
1997; Inger, 1999; Allison and Kraus, 2001). Similarly, th_ough
several comprehensive biodiversity projects are still in
progress, we are aware that estimates of snake, turtle, and
lizard diversity have substantially increased (Welch, 1988;
Welch et al., 1990; Zhao et al., 1988, 2000; Keng and Tat-
Mong, 1989; Matsui et al., 1989; Cox, 1991; Iverson, 1992;
Lim and Lim, 1992; Zhao and Adler, 1993; Das, 1995, 1996b,
1998; David and Vogel, 1996; Dutta and Manamendra-
Arachichi, 1996; Inger and Tan, 1996a, 1996b; Inger and
Stuebing, 1989, 1997 Chou and Lin, 1997; Manthey and
Grossman, 1997; Cox et al., 1998; da Silva, 1998; Chan-ard
et al., 1999; Inger, 1999; Liat and Das, 1999; McDiarmid et
al., 1999; Ota, 1999; Stuebing and Inger, 1999; Iskandar,
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2000). Although a comprehensive review of all types of stud-
ies involving amphibians and reptiles throughout Asia and
the Pacific is beyond the scope of this paper, our general im-
pression is that the sante trends that we have witnessed in the
Philippines, specifically an explosion in the types of studies
and dramatic increase in biodiversity and conservation, have
occurred throughout SE Asia. As such, progress in Philip-
pine herpetology fits into a broader context of the overall
trends seen in SE Asia: dramatic increases in estimated num-
bers of species, increased understanding of natural history,
systematics, biogeography, and ecology coupled with a dras-
tic need for more information and conservation initiatives.

Future directions: the decade to come

Targets: species, sites, and kinds of studies. In this sec-
tion we attempt to identify substantive gaps or research
topics in need of study in Philippine herpetology.

In general, there has been more recent taxonomic
work in amphibians than in reptiles. Accordingly, while
we know of numerous undescribed Philippine amphib-
ians, we suspect that far more numerous species of rep-
tiles await discovery. There is a great need for compre-
hensive reviews of Philippine lizards and snakes within
the context of modern species concepts.

Additionally, numerous regions of the Philippines
cry out for faunal surveys. In a recent faunal survey in
Aurora Memorial Natural Park, Brown et al. (2000Db)
stressed the need for exhaustive herpetological surveys
throughout the Sierra Madre range. Similarly, while
Brown et al. (1996) have provided a preliminary account
of herpetological communities in the Zambales, their
survey was conducted immediately following the erup-
tion of Mt. Pinatubo, and so we suggest that further sur-
veys are needed, especially if we are to gain an adequate
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knowledge of amphibian diversity in this isolated moun-
tain range (see comments by Diesmos, 1998). Recent
work in the Central Cordillera (Heaney et al., 2000,
Diesmos, Brown, Gee, unpublished data) should provide
an important preliminary update towards the assessment
of this mountain range’s herpetological fauna, but other
localities, specifically in the southern portions of the
Cordillera, are in equally critical need of similar stud-
ies.

Likewise, the mountains of the Bicol Peninsula
cach deserve intensive survey efforts (see Brown et al.,
2002). Outside of Luzon, numerous other areas require
basic survey efforts. These include southeastern
Mindoro, all of Samar and Leyte (but see Gaulke, 1994b;
Deuzer et al., 1999), high elevation habitats of Mindanao
(but see Rabor and Alcala, 1959; Smith, 1993a, 1993'b),
and numerous smaller islands including (but not lim-
ited to) Masbate (but see Gaulke, and Altenbach, 1994c),
Sibuyan, Lubang, Burias, Siquijor, Camiguin, Maestro
de Campo, Semirara, the Batanes and Babuyans, all of
Palawan, Busuanga, Coron (But see Gaulke, 1999), and
the Sulu archipelago (but see Gaulke, 1993, 1994a,
1995a, 1996). .

Finally, basic populaticn biology, behavioral,
and reproductive biology studies are needed for
numerous species believed to be threatened by ac-
tivities of humans. It is only through the careful
collection of basic population and demographic data
that we will be able to make sound management
recommendations. And it is only through the col-
lection of basic data on the use of amphibians and
reptiles by commercial and indigenous har.vesters
that we will be able to assess which populations are
being most heavily exploited.
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Publications and survey data. One final lesson from our
experiences over the past decade that cannot be stressed
too often or too fervently is the need to encourage stu-
dents, government,”non-government, and even con-
tracted workers to publish the results of their studies.
The amount of critically important unpublished data that
we are aware of is staggering. If the information con-
tained in non-government organizations’ and university
students’ unpublished reports was now available to wild-
life managers, conservation biologists, biodiversity spe-
cialists, and biogeographers, the state of Philippine
herpetology would be markedly different than it is at
present. In truth, unpublished survey data may do more
harm than good because the tendency is for permitting
authorities to discourage reinvestigations of previously-
surveyed areas. Thus, unpublished data not only are
unjustified (why collect data if they will not be put to
use as part of the public record?), but they actually have
a negative impact by barring later workers access to the
same regions (Crombie, 1992).

Similarly, rushed or non-exhaustive, or even
the burgeoningly popular “rapid assessment” sur-
veys can often do more harm than good. In this in-
stance, “a little” is not “better than nothing at all”
if the results are that permitting authorities deny
permission to conduct follow up surveys because
the perception is that the work has already been
completed. No amount of reanalysis of insufficient
data will have positive or even illustrative results.
We agree with Crombie’s recent comment that
“...considerable money and effort are being ex-
pended on analyzing [herpetological species] dis-
tribution information when the data base is so pal-

try that it scarcely warrants the exercise” (Crombie,
1992:594).
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Field work. As suggested by Crombie’s quote at the be-
ginning of this paper, we believe the degree to which
basic reliable distribution data are lacking and badly
needed cannot be stressed too often. Unfortunately, the
public disinterest, financial difficulties, and bureaucratic
obstacles faced by any budding field research program
in herpetology at the present day in the Philippines can
be overwhelming. To students finding themselves in
these or similar situations we wish to offer our encour-
agement and assistance wherever possible. This is be-
cause a comprehensive, careful, and well-orchestrated
(and published in a timely fashion) field survey of even
a single forested site makes a major contribution to our
collective knowledge of Philippine herpetology. Simple
“rice and beans” (Crombie, 1992) or “bean-counting”
(A. Malliari, pers. comm.) field exercises can drastically
change the way we view complex topics such as the in-
fluence of geological processes and marine barriers to
gene flow on speciation and the composition of faunal
communities, the effects of elevation on species abun-
dance and distribution patterns, and overall
zoogeographical relationships of particular islands
(Brown et al., 1996; 2000b; Diesmos, 1998; Ferner et
al., 2001). For all of these data, and the paradigm-alter-
ing conclusions that have been, and continue to be drawn
from them, there is no substitute for reliable distribu-
tion data based on specimens deposited in accredited
natural history museums.

Integration. We anticipate that the next decade will see
a genuine effort to integrate recent efforts of taxono-
mists, systematists, biogeographers, and conservation-
ists. Our review of the literature suggests that current
herpetology in the Philippines is in a final stage of dis-
covery. This descriptive, piece-meal process will no
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doubt culminate in the availability of an enormous
amount of data available for reviews, syntheses of tax-
onomy and distribution, large scale biogeographic stud-
ies, and meta-analyses of ecological studies. Ecologi-
cal, behavioral, and population studies will no doubt
contribute to conservation if they can be integrated into
larger synthetic analyses within the context of known
history. Recent comprehensive studies of taxonomy, sys-
tematics, and the numerous factors affecting species dis-
tributions will no doubt have broad implications for
conservation and management decisions. Integrating
these studies and formulating and implementing poli-
cies on the basis of sound biology (instead of politics)
will be a major challenge for the next decade’s biolo-
gists, students, and policy makers.

Collaboration. 1t is instructive to note that Philippine
herpetology has a rich recent history of international col-
laborative efforts. In particular, the development of Phil-
ippine herpetology since the 1950s has relied, at least
in part, on foreign support. It has been this cooperation
and partnership of scientists from several different coun-
tries that has produced the most remarkable discoveries
and advances in Philippine herpetology. This tradition
has taken the form of financial support for field research,
advice, guidance, encouragement, and facilitation of
academic studies abroad. We feel this history provides
us with an important lesson. Biodiversity studies by both
Filipinos and foreigners should be conducted in collabo-

ration with Filipinos at al] levels—government, univer-

sity, municipality and the barangay. Our experience has

shown that it is in the best interest of everyone for re-

searchers coming to the Philippines to collaborate
closely with Philippine scientists and local community
representatives. There is a great deal to be shared and
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learned through partnerships with local comml‘mltles. In
one sense, local communities are the most. 1¥n1')ortant
guardians of the remaining forests; as such, it is in fI:vle-
ryone’s best interest that scientists, govefnrr.lent officia s:
regional resource managers, and local mdlgenogs ptt?o
ples’ organizations work to getk_ler. The most produc 1vle
research programs of recent history have a‘ll. b.een co(;
laborative efforts. By combining eff_orts, Filipinos an
non-Filipinos have been able to achieve .rnuch more 11}
collaboration than could have been possible as part od
separate research programs. We.are greatly encouraged
by the fact that recent collaborative Tesearch effo.rtfs an
conservation programs are now being led by Filipino
biologists.

The last decade and the next generation of_PhiIippme
herpetologists. This last decade has l.eft us \J?'lth a gr:;v:-
ing sense of urgency and the ever-increasing need to
involve and encourage Filipino stuc%er‘lts to partlc1pate
in the study of their country’s amphibians and reptiles.
In particular, we are encouraged }Jy the recent emergence
of numerous women in Philippine herp.etology anf(‘i we
support their interest and involvement in a field o scil.-
ence traditionally dominated by a few ma_le personali-
ties. We are intrigued to imagine who w111. constitute
the next generation of Philippine herpetologists and we
wish to encourage all interested stu.dentg to pursltzie
herpetology as a field of study, especially in thei)ﬁeth,
even (and perhaps especially) as represented hy e:
populations in their backyards. It is our hope that the nex
generation of Philippine herpetologlst§ can learn from'our
trials, our accomplishments, and our mlstakes,_ and continue
to work towards new, ever-enlightening conc1.u310ns. We. hope
students will find inspiration from past achlf:vements in the
field to realize their own power to make significant contribu-
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(Fig. 2) Composition of the last decade’s

literat ilinpi : " ionshi ; ; ;
amphibians () and reptiles (B), ature on Philippine (Fig. 3) The relationship between the cumulative total number of

amphibian species in the Philippines and the year of description. Note

] the dramatic increase in rate of descriptions in the past decade. The
A Amphibians .- final point on this line (indicated with question mark) is the estimated
number of new species awaiting description (Diesmos, Brown, and
Alcala, unpublished data).
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(Fig. 6) The preferred phylogenetic hypotheses for the Rana
signata complex of Philippine and Bornean stream frogs (A:
Brown, 1997; Brown and Guttman, in press; bold terminal
branches indicate Philippine R. signata complex species) and
the preferred phylogenetic tree for the genus Luperosaurus (B:
Brown et al., 2000c; bold terminal branches indicate Philip-

pine species).
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z(ll'r :jg. 73 T'he preferred phylogenetic hypothesis for flying liz-
: s of the genu-s Draco (MeGuire and Kiew, 2001). Bold ter
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