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ABSTRACT

Tbe mammal fauna of the Philippines is exceptionally rich in en
demic mammals, and also has a very high proportion of endangered
spectes. Research during the period 1990 to 2000 has resulted in an
improved understanding of the basic Tystematics of the 172 native
land-mammal species known to be present. Some of the recently-discovered
spectes have been formally described (but others have not), and a Jew
identification keys are now available (but more are badly needed). Studjes
of comparative morphology, karyorypes, and protein allozymes have yielded
information on phylogenetic relationships, hut this ropic vemains poorly
investigated. Published faunal surveys have Produced the first compre-
henstve inventovies in the country yielding much crucial information on
ecology and biogeography and the material Jor taxonomic studies, but
many more are needed, and many unpublished surveys ave not available,

Biogeographic analyses have demonstrated thar distributions of
mammals have been profoundly influenced by the extent of Pleistocene
islands and by climatic variation along elevational gradients in the
many mountains of the Philippines. Each Pleistocene island is 4 unique
center of biodiversity, and many high mountains (or mountain ranges)
are unique subcenters. Patterns of genetic variation within Species match
very well with these Pleistocene island, Suggesting that speciation and
diversification within the Philippines is intimarely tied to this geological
history. Further studies are needed to integrate phylogenetic information
with biogeographic and ecological duta.

Ecological studies have demonstrated that spectes richness of some
groups (e.g., bats) is highest in the lowlands, and thar species richness of
other gronps (e.g., rodents) is highest at high elevations, often in lower
mossy forest. Reproductive biology of fruit bats is well known [from several
studies, demonstrating that females of some small Philippine species are
unique in being pregnant for 95% of their lives, but have low toral
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reproductive ontput. The veproductive biology of most Philippine mam-
mals remains poorly known or unknown. Population ecology and commu-
nity ecology are well-known at a few sites, but generally poorly known at
lbi;r time. We do know thatr many natural communities arve very species-vich
and that densities ave often very high, and that native and non-native
species often have very different patterns of habitat use, feeding ecology,
movement, and longevity.

Information on conservation status of mammals has improved
greatly, with at least some information on distribution and ar’;zmdama.re
available for most species, and this allows us to estimate their dec!.i?f!e mn
population due to destruction of habitat, and the relative wzlnembzl;_tty of
most spectes. Recent studies of seed dispersal by fruit bats demonstrate therr key
vole in naturally regenerating rain forest. Loss of about 94% of old-growth fovest
habitar has left many species highly vulnevable. The ncrease i number of pro-
tected areas (due in part 1o discovery of new species and biogeographic analysis) has
mproved the prospects for conservation, but more ave needed. Curvent ;é.mw[edgej zs
sufficient to guide some crucial conservation efforts, but much essential informetion
15 not corvently available.

Introduction

It is now generally recognized by both the scientific and the
consetvation communities that the Philippine Islands support one of
the most species-rich, highly endemic, and highly endangered mam-
mal faunas in the world (Groombridge, 1992; Mittermeier et al., 1997,
1999; Myers, 2000). The fact that this is recognized is due largely to
research efforts that have taken place in the country during the last 20
years, and especially to the work done in the last decade. While there
remain enormous gaps in our knowledge, enough is known to indicate
that the Philippine mammal fauna has gone from one of the least-well
known in the world to one of the better-known faunas in Asia, in terms
of systeratics, biogeography, ecology, and conservation status and pri-
orities. The purpose of this paper is to identify the primary topics of
research during the period of 1990 - 2000, and to identify the topics
and issues that should be among the high priorities during the coming
decade.
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There are many formats that could be used for such a
summary. In this paper, I will present information organized by
research topic, rather than by taxon or by geographic region,
simply because it reflects my own perspective. Within the four
topical areas, I will primarily follow a taxonomic and/or geo-
graphic organization. In general, I refer only to published stud-
ies, because all others are effectively unavailable. While this re-
view focuses on research published in the period of 1990 to 2000,
I include a few crucial references from the late 1980s and a few
publications currently in press.

Systematics

The most basic level of understanding for any fauna
is the one that involves the ability to recognize species. Dis-
cussion of any other issue is made vastly more difficult when
we do not know how to recognize or what name to use for an
animal, and our ability to recognize the evolutionary relation-
ships of species is key to many other topics of research; both
of these topics can be approached through a variety of means,
including morphological studies, karyological studies, and
genetics.

Several groups of mammals have been the subjects of
recent taxonomic studies, including shrews (Heaney and
Ruedi, 1994), primates (Fooden, 1991a, 1991b; Timm and
Birney, 1992), bats (Ruedas et al., 1994), murid rodents
(Musser and Heaney, 1992; Musser et al., 1998; Rickart and
Heaney 1991; Rickart et al., 1998; Ruedas, 1995), cats
(Groves, 1997b), wild pigs (Groves, 1997a), and deer (Grubb,
1993). A summary of the Philippine mammal fauna (Heaney,
1998) listed 201 species, including 22 marine mammals, 172
native terrestrial mammals, and 7 introduced, non-native spe-
cies; this included 16 species (eleven not yet formally de-
scribed) discovered since the previous checklist published in
1988 (Heaney et al., 1988). Much of the fundamental work of
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describing new species and rigorously defining genera remains
to be done, with perhaps the greatest challenges among the
murid rodents and insectivorous bats. Identification of bats
has been eased by a key to species (Ingle and Heaney, 1992),
and two brief field keys to the bats and the non-flying mam-
mals of Mindanao-(Ingle et al., 1999; Heaney et al., 1999),
but for all other groups and areas, no keys are available.

Our ability to assess the relationships among species,
and to verify their distinctiveness, has been enhanced by re-
cent karyological studies of bats (Rickart et al., 1988, 1999)
and murid rodents (Rickart and Musser, 1993). These stud-
ies have helped to identify aspects of the process of
speciation, but only a small number of species in the
Philippines have been karyotyped thus far, and much
remains to be done. Studies of genetics (based on pro-
tein allozyme) are still fewer, limited to some data on
shrews (Heaney and Ruedi, 1994) and on two species of
fruit bats (Peterson and Heaney, 1993), with no pub-
lished studies yet taking advantage of the newer DNA
sequencing technologies.

Phylogenies have been presented only for shrews
(Heaney and Ruedi, 1994), fruit bats and murids (Heaney and
Rickart, 1990), and these were limited in scope and robust-
ness. This limits our ability to interpret many issues (e.g.,
biogeographic patterns, evolution of life history traits and
other ecological patterns), and represents a substantial cur-
rent shortcoming to our knowledge.

Faunistics and Biogeography

Knowledge of the fauna requires that we understand
the distributions and habitat relationships of every species,
and that we recognize the general patterns that are formed by
the sum of distribution patterns of individual species - the
topics that are involved in biogeography.
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Intensive inventories ol faunas on specific islands or
mountains include those of Catanduanes Island (Heaney et
al., 1991), Leyte, Biliran, and Maripipi Islands (Rickart et
al., 1993), Sibuyan Island (Goodman and Ingle, 1993),
Camiguin Island (Heaney and Tabaranza, 1997), Siquijor
Island (Lepiten, 1997), the Sierra Madre of northeast Luzon
(Mallari and Jensen, 1993; Danielsen et al., 1994), and Mt.
Isarog in southern Luzon (Rickart et al., 1991; Heaney et
al., 1999), Mt. Kitanglad (Heaney, 2001), and with brief
studies on Mindoro (Gonzalez and Dans, 1999; Ocampo et
al., 1999). Field studies were conducted in many other areas
during the decade, but the results have not been published.
Because many of these inventories have resulted in the dis-
covery of previously unknown species of mammals, they
demonstrate that we still have much to learn about even the
most basic aspects of mammalian biodiversity in the coun-
try. Intensive inventories such as these are needed in every
part of the country, since most provinces and islands have
had very few species recorded (Heaney et al., 1998, in
press).

Analyses of biogeographic patterns among fruit
bats (Heaney, 1991b) have shown that these animals
likely entered the Philippines from both the Southeast
Asian mainland and New Guinea/Australia, that most
of the Pleistocene islands in the Philippines have unique
species, and that species richness is related to island
area. Much evidence supports the hypothesis that
there are strong interactions between elevational
patterns and distributional patterns among fruit
bats and murid rodents, such that species that live
in the lowlands tend to be widespread on many
Pleistocene islands (defined as those connected to
each other during periods of low sea level;
Heaney, 1991a) within the archipelago, whereas
those in the highlands usually are restricted to a single
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Pleistocene island and often show evidence of speciation
within a given Pleistocene island (Heaney and Rickart,
1990). Each of these Pleistocene islands is a separate
center of endemism, with 40-90% of the non-flying
mammals unique to the Pleistocene island (Heaney,
1993; Heaney and Regalado, 1998). Patterns of genetic
variation within two species of fruit bats match the gen-
eral biogeographic patterns very closely (Peterson and
Heaney, 1993). Independent patterns of variation in
karyotypes within several groups of bats strongly re-
flect biogeographic patterns (Rickart et al., 1999). A
general model of island biogeography suggests that spe-
cies richness on any given island is influenced by direct
colonization from other islands (and occasionally the
continent), by extinction, and by phylogenetic diversi-
fication within the archipelago, with local phylogenesis
potentially accounting for up to about 75% of the
biodiversity of a given group (Heaney, 2000). During
the coming years, biogeographic analysismneeds to
focus on'poorly-known parts of the country (such
as the Batanes, Babuyan, and Sulu groups and the
mountains of Mindoro, Palawan, northern Luzon,
Panay, and southern and western Mindanao), on in-
tegrative studies of phylogeny and distribution (=
“phylogeography”), on measuring rates and
mechanisms of natural colonization, speciation,
and extinction, and on integrating
biogeographic data with ecological data on such
topics as elevational distribution, life history
traits, habitat use, foraging ecology, and com-
munity structure. These studies should include
species of large and small body size, flying and
non-flying species, and high and low elevation
habitats in order to detect and document the
major patterns.
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Ecology

Much of what has been learned about the ecology of
Philippine mamméls has taken place in the context of studies
of how they are distributed along elevational gradients. It is
now recognized that such gradients play a key role in deter-
mining the distribution and abundance of all species (Rickart,
1993), perhaps associated with the vegetation changes that
accompany the extreme variation in rainfall (usually ca. 2 m
in the lowlands, and up to 12 m per year in mossy forest;
Balete and Heaney, 1997). The initial studies of fruit bats,
shrews, and rodents on Negros and Leyte islands (Heideman
etal., 1987, Heaney et al., 1989) have been followed by those
on Mt. Isarog, southern Luzon (Rickart et al., 1991; Balete
and Heaney, 1997; Heaney et al., 1999), on Camiguin Island
(Heaney and Tabaranza, 1997), and on Mt. Kitanglad (Heaney,
2001). These studies have demonstrated that species richness
of fruit bats, and probably insectivorous bats, is highest in the
lowland rain forest and declines steadily with increasing el-
evation. They have also demonstrated that small mammal
diversity (shrews and rodents) is low in the lowlands, increases
to about 1800 m elevation, and (when the mountain is higher)
decreases at progressively higher elevation. This latter pattern
of a mid-elevation peak in diversity is increasingly being recog-
nized as a common pattern in many parts of the world (Heaney,
2001). Limited data suggest that mammal faunas on small,
depauperate islands may not show these same patterns; further, it is
unclear how differences in annual precipitation may affect the spe-
cific pattern; and there are many, poorly-evaluated hypotheses as to
why these two patterns exist (Heaney, 2001). Much research will be
needed to resolve these questions.

There are certain habitats or resources that are criti-
cally important to the ecology of some species; for example,
it is likely that caves are essential for the survival of many of
the species of both fruit and insect-eating bats. However, no
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studies of either caves or other equivalent crucial resources
have yet been published.

The reproductive biology of Philippine mammals is
generally poorly known, with one dramatic exception - the
small fruit bats. Through a series of papers by Heideman and
his colleagues (Heideman, 1989, Heideman et al., 1993,
Hetdeman and Powell, 1998), we now know that the small
endemic genera (Haplonycteris and Otopteropus) are unique
among all mammals in their reproductive patterns. Females
become pregnant at about 9 months of age, and these young
adults and all adult females in a population each give birth to
a single young during a single 10-day period, mate and be-
come pregnant about two weeks after birth, and are pregnant
for the rest of the year, including a period of about eight months
of arrested development of the implanted embryo. This means
that they are pregnant for 95% of their lives. Ptenochirus has
a similar pattern, but gives birth twice each year (Heideman
and Powell, 1998). Reproduction by other species in the coun-
try is known only by the number of embryos and time of year
when they give birth, or by no data at all. There is great op-
portunity and need for many more studies of reproductive
biology.

Population ecology of fruit bats has been studied in
detail by Heideman and Heaney (1989), Ingle (1992, 1993)
and Utzurrum (1995), who found them to be characterized by
a low rate of reproduction, long lives, and high density. In
general, these bats have either small home range size (the
endemic genera) or very large home ranges (the widespread
Southeast Asian genera). The widespread Southeast Asian
fruit bats (and many insectivores) tend to live in disturbed
habitats, whereas the endemic species of fruit bats (and many
endemic insectivorous bats) live in old-growth or high-qual-
ity secondary forest (references above and Heaney et al, 1991,
1999; Rickart et al., 1993). An unpublished PhD dissertation
on the foraging ecology of insectivorous bats (Sedlock, 2001)
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provides a first glimpse of how this diverse part of the mam-
mal fauna uses habitats and food resources. One initially star-
tling discovery is that many murid rodents feed heavily on
earthworms, and-that density of these specialist vermivore
rodents is highly correlated with that of their earthworm prey
(Rickart et al., 1991). The single study of forest rodent popu-
lation ecology (Balete and Heaney, 1997) demonstrated high
density of both omnivorous and vermivorous/insectivorous
species in mossy forest, and home range size for most spe-
cies of one-fourth to one-half hectare, which is moderately
large. There is great need for many more studies of popula-
tion ecology, undertaken on single species and complete com-
munities, at all elevations, and of all groups of species, if we
are to understand how these animals have evolved in response
to their island environment, and, on the basis of that informa-
tion, how to effectively conserve them.

Conservation Research

While conservation of Philippine mammals has re-
ceived attention for many decades (reviewed by Rabor 1966;
Gonzales and Alcala, 1969; Tabaranza, 1979), some funda-
mental changes have taken place recently, especially in the
last decade. Previously, most attention regarding mammals
was given to a few large species (e.g., tamaraw and Calamianes
spotted deer) and unusual species (e.g., tarsier and flying le-
mur), and to a semi-captive population of non-native African
large mammals on Calauit Island. For these few species, nearly
all effort went to captive breeding; the bulk of Philippine en-
demic mammals were not considered. Within the last decade,
the emphasis has shifted strongly to a much broader concern
for the entire mammal fauna, regardless of body size or popular
appeal. This has been associated with the growing body of
information about the natural history of the mammal fauna as
a whole that was described above, but has also been associ-

Sillimaq Journal Vol. 42 No. 1 2001

A Decade of Research 97

ated with arecognition that habitat conservation needs to play
a much greater role in preservation of the Philippine biota.
Awareness that Philippine old-growth rain forest has declined
from about 70% in 1900 to about 6% currently has reached
the public in part due to the educational efforts of members
of the Wildlife Conservation Society of the Philippines
(WCSP). Further, the recognition that at least 111 endemic
mammals species are present and depend on good-quality rain
forest is due largely to the efforts of members of the Wildlife
Conservation Society of the Philippines. Some of the key is-
sues and new perspectives concerning conservation of Phil-
ippine mammals that have been documented during the past
decade, especially those resulting from new research, are the
tollowing.

Patterns of diversity and endemism. The Philippine system
of parks and protected areas initially was not based on bio-
logical criteria, but rather on political criteria. Beginning in
about 1988, biologists began to advise governmental, non-
governmental, and international agencies (including the De-
partment of Environment and Natural Resources, World Bank,
European Union, ITUCN, World Wildlife Fund, and Conser-
vation International) on patterns of biotic diversity in the ar-
chipelago. In particular, the seemingly complex patterns of
endemism within the archipelago were clarified by
biogeographic studies that showed the extent of islands dur-
ing the late Pleistocene period of low sea level; each late
Pleistocene island that has been inventoried is a unique center
of endemism, with 50 - 80% of the terrestrial mammals being
unique (Hauge et al., 1986; Heaney, 1986, 1991b; Heaney
and Regalado, 1998). This approach to understanding
biodiversity patterns in the archipelago was used recently as
the primary baseline for structuring all data and analysis in
the National Conservation Priority-Setting Workshop organ-
ized by the Department of Environment and Natural Rescurces
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and Conservation International in 2000-2001 (Ong et al., in
press). This research has also allowed documentation of gaps
in the current protected areas system and assessment of pri-
orities for development of protected areas (e.g., Heaney and
Mallari, in press; Heaney et al., in press).

Discovery of new species and the need for new national parks.
As biogeographic and systematic research has progressed, it
has become apparent that certain areas were likely to be centers
of endemism, but were nearly or entirely unknown in 1990.
For example, the previously unknown mammals of Sibuyan
Island, an isolated oceanic island surrounded by deep water,
were inventoried in 1989 and 1992. Five new species of mam-
mals were discovered, all endemic to the island (Goodman
and Ingle, 1993; Heaney et al., 1997, 1998), resulting in much
of the island being declared a national park, and the park be-
ing included in the list of eight national parks funded by the
European Union through the National Integrated Protected
Areas Program. Similarly, Camiguin Island had been surveyed
briefly (reported in Heaney, 1984), and no endemic mam-
mals were known, but later analyses indicated that endemic
species should be present. Surveys in 1994 and 1995 discovered
two distinctive species of rodents (Heaney and Tabaranza, 1997),
and resulted in declaration of the mountainous core as a national
protected area. Discoveries of new species on M. Isarog (southern
Luzon) and on Mt. Kitanglad (northern Mindanao) had similar im-
pact on areas that had been given little attention. The discovery of a
new species of cloud rat on Panay Island (Gonzalez and Kennedy,
1996) has heightened focus on that island and has led to proposals
for designation of a “Panay Mountains National Park’ ’, and atten-
tion is now being drawn to Balbalan-Balbalasang National Park, an
area of unusually high biodiversity in the northem Central Cordillera
of Luzon (Heaney et al., 2000). Rediscovery of *‘extinct” birds and
bats on Cebu Island is having a markedly positive effect (Oliver
and Pedregosa, unpubl.).
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Documentation of the conservation status of mammals. As
noted above, previous listing of the conservation status of
mammals in the Philippines included only a few large and
taxonomically distinctive species. Field studies during the last
decade have allowed us to make reasoned judgements of the
status of most species, based on actual distributions, habitat
requirements, status of the habitat, relative abundance, and
assessment of the impact of hunting; for all but a very few
species, these had been virtually or entirely unknown. These
assessments (e.g., Cox, 1987; Garcia and Deocampo, 1997;
Heaney and Heideman, 1987; Heaney and Utzurrum, 1992;
Oliver, 1992, 1994, 1999; Oliver et al., 1992, 1993a, 1993b);
Heaney et al., 1997, 1998; Utzurrum, 1992; Wildlife Conser-
vation Society of the Philippines, 1997) form the basis for
the IUCN Red Data Books (Baillie and Groombridge, 1996)
and other similar listings. As a result, some species, includ-
ing the wood-shrew (Podogymnura truei) and tarsier (Tarsius
syrichta), have been delisted (both are abundant in widespread
suitable habitat), but 52 others have been added to the offi-
cial lists.

Demonstration that mature forest is essential for most spe-
cies of Philippine endemic mammals. Recent field work has
nearly always compared the mammals present in forest of
varying degrees of disturbance and agricultural areas, and has
produced clear evidence that most of the endemic species,
especially those that are threatened, require forested areas with
only limited disturbance due to logging (e.g., Heaney et al.,
1989, 1991, 1999; Heideman and Heaney, 1989; Ingle, 1992,
1993; Lepiten, 1997; Mallari and Jensen, 1993; Rickart et al,
1991, 1993). These data are often utilized in discussions about
the desirability of continued commercial logging in the coun-
try. Reforestation with exotic species such as Gmelina and
Eucalyptus is unlikely to promote biodiversity conservation
because these species produce tree plantations that are virtu-
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ally biologically sterile; “re-rain-forestation™ in nature is pro-
moted by seed dispersal from remnant forest by birds and
bats (Utzurrum, 1995; Ingle, unpubl.) While the debate about
logging and reforestation is likely to continue for some years,
there is no doubt that biological data, including data about
the magnificent endemic mammalian fauna, will play a mean-
ingful role in the future, as the public and government offi-
cials recognize that all aspects of the ecosystem, both natural
and human-dominated, are interconnected, and that stability
of human economic, social, and political systems require sta-
ble biological systems.

Some thoughts on the future of research on Philippine
mammals

Realistically, it is unlikely that we can anticipate many
of the needs for research of the coming decade, much less the
conceptual/ theoretical issues that will develop unexpectedly.
However, it may still be worthwhile to emphasize some of
the current large gaps in our knowledge, and some of the con-
ceptual issues that seem likely to be especially productive.

A recent compilation has demonstrated that most of
the provinces on Luzon and Mindanao, and many of the me-
dium and small islands around the country, have not yet been
the subject of even the most basic and superficial biological
survey (Heaney et al., in press). Obtaining information on the
distribution and status of species is the most fundamental is-
sue for both conceptual understanding and for well-planned
and successful conservation. In the course of such research,
it is virtually certain that new species will be discovered, and
these should be described and their basic biology documented.
The voucher specimens that are produced will also allow other
taxonomic studies that will certainly enlighten us about Phil-
ippine biodiversity.

One exciting new area for investigation is the histori-
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cal development of patterns of biological diversity - the in-
vestigation of how the biological diversity of the archipelago
was generated, in the context of our greatly increased under-
standing of the geological history of the islands. Molecular
techniques (especially DNA sequencing) hold great promise
for helping us to define the evolutionary relationships of spe-
cies, to determine their place of origin outside of the Philip-
pines, and to document their means of diversification within
the archipelago.

Ecological studies need to focus on at least two major
issues: first, how the communities of organisms manage to
co-exist at a single locality (the ecology of communities); and
second, how species respond to various levels of habitat dis-
turbance and destruction (population ecology). These data will
be crucial for developing management plans that minimize
the impact of humans on the natural biodiversity of the na-
tion, as well as for understanding the natural functioning of
this remarkable center of biodiversity. The ecology of special
habitats, especially caves, is badly in need of attention.

Conservation research studies need to continue to
work hand-in-hand with basic ecological and systematic
biodiversity research; I hope that, if nothing else, this review
has demonstrated that there can be no real progress on con-
servation without being a part of on-going basic biodiversity
research programs. Moreover, all of the research programs
and issues discussed above depend heavily not only on high-
quality field work, but also on consistent and timely scholar-
ship - the frequent and careful publication of the results of
research and conservation programs, so that the information
becomes a matter of public record. Without publication, all
of our work could ultimately be little more than an expensive
and unproductive hobby.

Finally, during the last decade, we have learned that
successful research and conservation depends on the full rec-
ognition by regulatory agencies—especially the Department
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of Environment and Natural Resources and the Protected
Areas and Wildlife Bureau—that research on the biota of the
Philippines, including mammals, is needed for the welfare of
the nation and its ndfural patrimony, since conservation is
fundamentally dependent on good and current data based on
carefully conducted, thorough field research. The recent ex-
perience with the unintended will work to the benefit of the
nation by promoting the most active, high-quality national
research program possible on the amazing biodiversity of the
nation.
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