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Figure 5. Unweighted pair-group method (UPGMA) clustering of islands based on
Simpson’s Index of faunal similarity, among all resident bird species. Shadings associated
with island groups indicate Pleistocene interconnections among islands, based on the 120 m
bathymetric contour.

found, with Greater Mindanao, Greater Luzon, and Greater Sulu perfectly
reflected in avifaunal similarity, as well as a general grouping representing
Greater Negros. This correspondence indicates a strong role of historical inter-
connection in determining faunal composition in the Philippine islands.

Figure 4. Hierarchical partitioning analysis of components of the Philippine avifauna: (A)
all resident species, (B) Philippine endemic species, (C) species endemic to single Pleisto-
cene islands, and (D) species endemic to single present-day islands. Areas shaded gray
indicate independent contributions of independent variables to the variation of the
dependent variable, whereas white areas indicate joint effects.
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Conservation

Given high levels of endemism combined with rapid rates of destruction of nat-
ural habitats, the Philippines have been identified as a top global priority for
conservation action (e.g., ICBP 1992, Balmford and Long 1994). After identifica-
tion as a priority, however, little quantitative information has been assembled to
suggest optimal strategies for achievement of conservation objectives. Con-
sequently, based on the data assembled in this study, we carried out several
analyses aimed at orienting conservation efforts within the archipelago.

A first step is that of understanding patterns of distribution of species among
islands, especially patterns of sharing of species and nestedness of faunas
(Patterson 1987). Examining only species of the order Passeriformes because of
limitations on matrix size in programs for analysis (Atmar and Patterson 1993),
the nested structure of the Philippine avifauna was enormously evident. The
matrix is 24.8% filled, and has a“temperature’” of 13.87°; using the randomization
algorithm provided in the program, 1000 replicate analyses averaged 69° + 1.87
s.d. The probability of this difference occurring by chance alone is approximately
6.14 % 107", indicating a strong nested structure in the distribution of species
on islands in the archipelago. Therefore, conservation strategies must focus on
preservation of the very largest faunas to include as many species as possible
(but see cautions of Simberloff and Martin 1991 regarding interpretation).

Prioritization of islands for conservation attention can be carried out using
complementarity to maximize representation of species (Pressey et al. 1996). On
the criterion of single-island endemism, Mindanao (15 species), Luzon (13
species), and Palawan (8 species) were the first three islands to enter the system.
Negros and Mindoro, each of which holds five single-island endemics, tied for
fourth place, but Negros added more species to the total of Philippine endemics,
and so entered fourth. Succeeding islands to enter in the system were Mindoro,
Tawitawi Group, Cebu, Panay, and one of Samar, Leyte, or Bohol (Figure 6). This
ordered set of priorities gives an approximation to the best set of islands for
maximizing the stated criteria for any number of islands, from one up to nine.
More interestingly, though, all single-island endemic species, as well as all Philip-
pine endemic species, and indeed all species resident in the Philippines can be
protected with just nine islands. This reduction of dimensionality provides an
important advance in reserve system planning for the country.

Clearly, however, a reserve system cannot simply be created de novo for the
Philippines; rather, advances in conservation already in hand must be taken into
account, and involved in the ‘“new’’reserve system. Heaney (1993) provided a
rough summary of sites included in the Integrated Protected Areas (IPAS) pro-
gram of the Philippine government, as well as of sites proposed for biotic reserve
status within the country. We took these two lists (considering only islands, not
locations within islands), and examined how they related to our “optimal”
design.

The four islands holding current IPAS sites are the Batanes, Luzon, Mindanao,
and Negros, with two sites each on Luzon and Mindanao, as might be expected
based on their enormous area compared with other islands in the archipelago. A
prioritization of these four islands based on complementarity and the three cri-
teria used above places Mindanao first, followed by Luzon, and Negros; the
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Figure 6. Complementarity approach to assembly of reserve systems for the maximal
representation of bird species, based on (top) single-island endemic species, (middle) Phil-
ippine endemic species, and (bottom) resident species. See text for detailed explanation
of methods. Solid lines indicate application to all islands, whereas dashed lines indicate
application first to present (Integrated Protection Area) (IPAS) sites, and then to proposed

IPAS sites. Island abbreviations follow Figure 1.
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Batanes reserve enters only under the third criterion (overall species diversity),
adding no single-island endemics or Philippine endemics. Extending this ana-
lysis to include the proposed sites (Heaney 1993), the first island to enter the
system would be Palawan, followed by Mindoro, Sulu, Samar, and Sibuyan; Siar-
gao added no species to the system. Most striking, however, is the close corres-
pondence of the optimal system derived above (Figure 6) with the IPAS and
proposed site system, as well as with the results of Hague et al. (1986): differences
in overall coverage are slight, making the IPAS and proposed site system an
excellent basis for future steps towards conservation of avian diversity in the
Philippines.

Discussion
Species limits and biogeographic patterns

An important consideration inherent in biodiversity evaluations is the alpha tax-
onomy — the basic list of species units — on which the study is based (Peterson
and Navarro 1999). The existing taxonomy of the birds of the Philippines
(Dickinson et al. 1991) greatly underestimates the true diversity of species-level
taxa present (Peterson and Navarro unpubl.). Here, clearly, the issue of species
concepts arises: the biological species concept (BSC) emphasizes the potential for
reproductive interchange among populations (AOU 1998), whereas the phylo-
genetic (PSC) and evolutionary (ESC) species concepts attempt to assess the
evolutionary independence of lineages (Zink and McKitrick 1995). Under both
concepts, changes would be in order for the birds of the Philippines: the modern
incarnation of the BSC (e.g., AOU 1998) involves recognition of many allopatric
forms as species units, whereas the PSC/ESC would recognize as species each
unit that shows evidence of independence of evolutionary trajectory.

The Philippines represent a worst-case situation for the BSC, which has always
met its most serious challenges in insular situations (Zink and McKitrick 1995).
Shifting to an alternative, such as the PSC or ESC, would change the picture of
avian diversity in the country drastically (Peterson and Navarro, unpubl.), espe-
cially within geographically variable groups such as the Island Thrush Turdus
poliocephalus, hornbills (genera Penelopides and Aceros), the Collocalia swiftlets, and
several species of flowerpeckers (e.g., Dicaeum anthonyi). Hence, numbers of bird
species, particularly endemic species, would increase considerably under an
alternative species concept.

An important point is that it is not just numbers of endemic species that
change. Taxonomic studies ongoing in Mexico have demonstrated that species
concepts strongly influence geographic concentrations of species richness and
endemism (Peterson and Navarro 1999). Other, less detailed studies have arrived
at the same conclusion (e.g., Hazevoet 1996, Collar 1996). That is, geographic foci
under one concept are often de-emphasized under the other, and others high-
lighted in their place. An important step for Philippine ornithology would be the
re-examination of the basic alpha taxonomy.

Faunal relaxation

The species—area curves for the Philippine islands have implications regarding
the past and future of avian diversity in the country. Considering the Pleistocene
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islands of Greater Mindanao, Greater Luzon, Greater Negros, Greater Palawan,
Greater Sulu, and Greater Romblon, summing the areas of the component islands
as a preliminary estimate of Pleistocene island area, predicted fauna sizes corre-
spond fairly closely to those observed on the largest islands in each group pres-
ently (289 vs. 249, 285 vs. 251, 208 vs. 189, 166 vs. 155, 95 vs. 108, and 107 vs. 71
species, respectively). Comparing predicted numbers with present-day species
richness on the smaller islands in the archipelago, however, suggests that local
extinction of species has been considerable since the Pleistocene: the predicted
Greater Mindanao total of 252 has declined to just 95 species on Dinagat and 67
on Siargao; the predicted Greater Luzon total of 250 has relaxed to just 97 species
on tiny Marinduque. Hence, to the extent that present-day faunas were ubiquit-
ous across Pleistocene islands, local extinction of island populations may have
been a dominant process in the Philippines since the Pleistocene.

These extrapolations can be extended to predict future extinctions in the face
of the rapid forest destruction in the Philippines (Balmford and Long 1994). Min-
danao, for example, has experienced drastic reductions in forest cover, with only
approximately 28,376 km® of 97,923 km® that could be classified remaining in
natural forest vegetation types (Dickinson et al. 1991). Using the species-area
relationship for resident species, and making the tenuous assumption that bird
species’ occurrence is focused in native habitats, if remaining forest were all
together in one “island,” a predicted final avifauna size would be 201 species,
hence predicting the extinction of 48 species from the island’s avifauna as relaxa-
tion to the new area occurs. These reductions would be more drastic if areas of
natural habitat were fragmented, as would clearly be the case. Other islands
would experience similar reductions, in fact considerably worse in the cases of
islands such as Cebu, Masbate, and Siquijor, which have experienced the most
drastic reductions in forest cover.

Conservation priorities

The present and proposed areas in the IPAS reserve system as summarized by
Heaney (1993) represent an advanced and forward-looking reserve scheme.
Reserve systems in other countries, when analyzed from the perspective of biodi-
versity protection, often turn out to be inadequate at best (e.g., Gétmark and
Nilsson 1992, Peterson et al. 2000) for biodiversity conservation. IPAS, although
not without problems, constitutes an important initial step.

A clear first priority for addition to the IPAS system is that of Palawan. Addi-
tion of a Palawan reserve is the highest addition priority (Figure 6), essentially
allowing the IPAS curve to “catch up” to the optimal system derived in this
paper. Mindoro would be the next most important addition. Another important
feature, although not assessed in this study, is the inclusion of multiple reserves
on Luzon and Mindanao, which are both exceptional concentrations of diversity
and endemism, and which are near unique in the archipelago in holding species
with limited ranges, and strong among-site differences. With these relatively
small adjustments, conservation steps already underway in the Philippines rep-
resent near-optimal strategies at the level of island representation.

An additional challenge, however, is that of the design of reserves on indi-
vidual islands: the analyses presented above are predicated on complete repres-
entation of island faunas in reserves. In many cases, this assumption is likely to
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hold: a forested area is likely to hold the species present on that island. However,
for at least Mindanao, Luzon, and Negros, some species have restricted distribu-
tions within the islands, making choice of reserves critical to the success of con-
servation strategies. For example, in the case of Mindanao, McGregor’s Cuckoo-
shrike Coracina mcgregori is found only in the north-western sector of the island,
and does not occur on the southern and eastern massifs, whereas the newly
described Lina’s Sunbird Aethopyga linaraborae is apparently restricted to the east-
ern Mindanao massif that includes Mt Mayo (Kennedy et al. 1997). Reserves on
these larger and more complex islands will need to be designed so as to include
each unique biological element. Problems of effectiveness of reserves — avoiding
the “paper park” phenomenon — will also be important.
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