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Abstract

Given its complex zoogeography and large number of islands 
insular Southeast Asia makes an excellent subject for study-
ing the interrelationships of species richness, island area and 
isolation. The islands are merely highpoints of an immense 
shallow continental shelf  which during Pleistocene glacial 
periods was exposed periodically as dry land connecting the 
now isolated islands with one another. The area is home to a 
large number of primate taxa, including many endemic to 
the region (Nasalis, Presbytis, Pongo, Symphalangus, Simias, 
Tarsius). Worldwide, the number of described (extant) spe-
cies of primates has doubled in the last two decades partially 
as a result of applying a different species concept (viz. Phylo-
genetic Species Concept PSC as opposed to the Biological 
Species Concept BSC). According to Isaac et al. (Trends in 
Ecology and Evolution 19: 464-469, 2004) this ‘taxonomic 
inflation’ will influence the outcome of macroecological 
studies. We studied the species-area relationships in Primates 
on 118 islands in insular Southeast Asia, and used two tax-
onomies (PSC and BSC). The number of primate species 
(PSC 37 species, BSC 23 species) is highly significantly relat-
ed to surface area of the islands, and the slope of the curve is 
similar for both PSC and BSC species (z = 0.13). Species 
‘newly’ described under the PSC are not only from large is-
lands but also smaller ones hence affecting neither intercept 
nor the slope of the curve. Area alone was a much better 
predictor for primate species richness than models that in-
cluded other macroecological variables (latitude, longitude, 
altitude, distance to mainland, greatest depth between island 
and mainland, distance to neighbouring islands). Degree of 
isolation has little influence on species number but both lon-
gitude and latitude are inversely correlated with the number 
of species per island, suggesting that species numbers de-
crease in a northerly and easterly direction. The low z-values 
suggest that for primates the islands of Southeast Asia are 
perhaps less isolated than previously recognised.
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Introduction

Small areas, islands or otherwise, are expected to 
harbor fewer species than large areas. Since the 
1920s ecologists have tried to fit equations to such 
species-area relationships. The most powerful mod-
el that has been in use since the 1960s (e.g. Preston 
1960, 1962) is a power-function model, usually ex-
pressed as a double logarithmic transformation, log 
S = log k + z log A, where S represents the number 
of species, A is the (island) area, and k and z are fit-
ted parameters that describe intercept (where the 
extrapolated fitted line intercepts the species number 
axis, i.e. when area ‘is zero’ reflecting the overall spe-
cies richness of the study area) and slope (increase 

brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by The Australian National University

https://core.ac.uk/display/156657829?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1


118 C. Nijman and E. Meijaard – Zoogeography of Southeast Asian Primates

in species number as the area increases). The power 
function is derived from a log normal distribution 
of species abundance, and the theory that supports 
the use of this function (e.g. Preston, 1960, Mac-
Arthur and Wilson, 1967) contains the implicit as-
sumption of equilibrium. A large number of studies 
have established the validity of this relationship. As 
a rule of thumb, for islands the values of the expo-
nent z normally ranges from 0.24-0.34 (land-bridge 
islands tend to have smaller values than oceanic is-
lands) and those for mainland samples falls within 
the range of 0.12-0.17 (MacArthur and Wilson, 
1967; Huggett, 2004) (Fig. 1).
 A crucial parameter in studying species area rela-
tionships is an accurate knowledge of the distribu-
tion of taxa on the different islands. When a larger 
number of islands are included in the analysis this 
may become more of a problem, but this can be 
substantially reduced by focusing on the few rela-
tively well-known taxa. We address the species-area 
relationships in insular Southeast Asia at a finer 
scale than those of many previous analyses by in-
cluding a large number of islands and by studying a 
small group of species, primates. In comparison 
with many other taxa, primates are mostly large, 
easily observable, diurnal species. They are thus 
relatively well studied (Rowe, 1996). 

 While one would expect that there would be a 
broad consensus, at least among primatologists, as 
to what comprises a primate species and, roughly, 
how many extant species of primates there are, the 
number of described species of primates has dou-
bled in the last two decades (Isaac et al., 2004). This 
is in part driven by better sampling of taxa (e.g. 
Nekaris and Jaffe, 2007), changing perceptions on 
what comprises a species (Groves, 2004; Tattersall, 
2007), and increasingly the use of DNA sequence 
diversity to identify species (e.g. Zain, 2001, Roos, 
2003, Geissmann et al., 2004, Steiper, 2006, Chu et 
al., 2007, Ziegler et al., 2007). 
 The description of new species may affect spe-
cies-area relationships in different ways, depending 
on their nature and their area of occurrence. If  the 
newly described species exclusively occur allopatri-
cally on islands, with their congeners occurring on 
other such islands or the mainland, the effect of an 
increase in species number will be limited. Alterna-
tively, if  the new species mainly comprise species 
that co-occur with congeners on islands (either sym-
patrically or allopatrically) the increase can have an 
effect if  it is not proportional to the number already 
occurring on islands. In the latter case if  the new 
species are mainly described from the few large is-
lands in the region the slope of  the species-area 
relationship will increase (situation A in Fig. 1), 
whereas if  they are mainly described from small is-
lands this will lead to a decrease in slope (situation 
B in Fig. 1). 
 Isaac et al. (2004) drew attention to the danger 
of  ‘taxonomic inflation’ on our understanding of 
macroecological patterns (and conservation), i.e. 
when known subspecies are raised to species as a 
result in a change of  species concept (e.g. from BSC 
to PSC; see Methods). They noted that taxonomic 
inflation will lead to a faster increase in species 
richness in large areas compared to small areas, and 
hence, species-area curves would become steeper 
following taxonomic inflation (situation B in Fig. 
2). Furthermore, taxonomic inflation leads to a 
large sample size increasing the analytical power in 
hypothesis testing.
 In the light of the increase in described primate 
species, Harcourt (1999, 2000) concluded that for 
comparative purposes, genera/area analyses might 
be more useful than species/area analyses, because 
genera are taxonomically more stable, perhaps more 
comparable across deeper taxa, and might be a bet-
ter indication of degree of variability. 

Fig. 1. Equilibrium representation of  island species-area rela-
tionships for a hypothetical archipelago. The effects of  recurrent 
colonization and extinction produce a steepening of  the species-
area curves with increasing distance: extinction has a greater 
relative impact on remoter islands for which immigration is in-
creasingly difficult. In situation A there is an increase in the 
number of  described species on small islands (for illustrative 
purposes Oceanic Islands) leading to a decrease in the slope 
(dashed line), whereas in situation B there is an increase in 
number of  described species on large islands (for illustrative 
purposes Land bridge Islands) leading to an increase in the 
slope (dashed line).
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 Due to its dynamic geological past (Holloway 
and Hall, 1992), relatively stable climates (Gathorne-
Hardy et al., 2002) and associated rapid speciation 
processes (Whitmore, 1987), the Southeast Asian 
islands are among the richest islands in the world in 
terms of biodiversity (Myers et al., 2000). The zoo-
geographical unit of this area is named Sundaland, 
which refers to the geological area of the Sunda 
Shelf, i.e. the Thai-Malay Peninsula south of the 
Isthmus of Kra, the larger islands of Sumatra, Bor-
neo, Palawan and Java, and many smaller islands. A 
large number of the islands of Sundaland are mere-
ly highpoints of an immense shallow continental 
shelf. During the Pleistocene the shelf  was exposed 
periodically as dry land (during glacial periods) 
connecting the now isolated islands with one an-
other. During the last glacial maximum, when sea 
levels were much lower than they are today, all of 
Sundaland was connected into one large landmass 
(Molengraaff and Weber, 1920; Tjia, 1980; Geyh et 
al., 1979). Beaufort (1926), Heaney (1985), and 
MacKinnon et al. (1996), amongst others have 
characterized Sundaland as an area through which 
most species could freely move during glacial peri-
ods. Others such as Brandon-Jones (1996a), Inger 
and Voris (2001), Meijaard (2003b) and Bird et al. 
(2005), however, recognized that, during much of 
the Pleistocene, dispersal between the landmasses 
of Sundaland, especially by terrestrial species, was 
limited because of barriers created by large rivers 
and more open vegetation types that replaced rain-
forests during the cool and dry glacial maxima. 
 Given its complex zoogeography (e.g. Heaney, 
1984; Meijaard, 2003a, b) the area makes an excel-
lent subject for studying the interrelationships of 
species richness, island area and isolation (Wallace, 
1876; MacArthur and Wilson, 1967; Wilcox, 1980; 
Heaney, 1984, 1986; Harcourt, 1999; Harrison et 
al., 2006). As summarized by Harcourt (1999), these 
studies indicate that island area in Southeast Asia 
correlates positively with species number. Specifi-
cally, the double-log slope of island vs. species 
number was both lower and steeper for islands than 
for mainland areas, and neither distance to the main 
source areas (mainland or the largest islands), nor 
depth of the sea channels between source areas and 
islands explained the number of mammalian spe-
cies present on islands. From this we can conclude 
that the species area relationships for non-volant 
mammals is a result of extinction only (after the rise 
of sea levels that isolated the islands) and do not 

reflect a balance between extinction and immigra-
tion (Heaney, 1984).
 Here we set out to explore species-area relation-
ships for primates in Sundaland using species lists 
based on different species concepts. 

Methods

Species concepts

We created two lists of all primate species occurring 
in insular Southeast Asia. The first one is based on 
the Biological Species Concept (Mayr, 1942: p. 120 
– ‘species are groups of actually or potentially inter-
breeding natural populations which are reproduc-
tively isolated from other such groups’) as presented 
by Groves (1993). The second one is based on the 
Phylogenetic Species Concept (Cracraft 1983: p. 170 
– ‘a species is the smallest diagnosable cluster of in-
dividual organisms within which there is a parental 
pattern of ancestry and decent’) as presented by 
Groves (2001) supplemented by more recent re-
search explicitly or implicitly employing the PSC 
(Meijaard and Groves, 2004; Roos et al., 2003; Chen 
et al., 2006; Nekaris and Jaffe, 2007; Ziegler et al., 
2007 note that these authors themselves do not nec-
essarily name the species) (Table 1). The BSC list 
contains 23 species, the PSC list 37: the difference is 
due to a better understanding of phylogenetic rela-
tionships (aided by molecular techniques) and a dif-
ferent view of what comprises a species and not due 
to the discovery of hitherto unknown species.

Distributional data

Meijaard (2003b) compiled data on the distribu-
tion of  mammals on 215 small islands (<12,000 
km2) in Southeast Asia. To this we added the three 
large Sunda Islands of  Java, Sumatra and Borneo, 
as well as the Thai-Malay Peninsula south of  the 
Isthmus of  Kra. Islands north of  the Isthmus of 
Kra (here taken as 10º30’N) were excluded. During 
the last glacial maximum (LGM), ending c 10 ka, 
when sea levels were much lower than today, all in-
dividual land areas of  Sundaland were connected 
into one large land mass (exceptions are those is-
lands that are separated from the main Sunda land-
mass by waters deeper than 120 m, such as the 
Mentawai Islands off  west Sumatra – Voris, 2000). 
Molecular studies of  primates, comparing timing 
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of separation between sister taxa, suggests that spe-
ciation happens at a time-scale significantly larger 
than 10 ky (Zain, 2001; Roos, 2003; Chatterjee, 2006; 
Steiper, 2006; Chu et al., 2007; Ziegler et al., 2007), 
and hence we anticipate that during the LGM most, 
if  not all, species of primates currently present in 
Sundaland coexisted on this land mass. For analysis 
we calculated the area of Sundaland when emerged 
(excluding the Mentawai Islands), and included this 
in our analysis. 
 For each island we tallied the number of primate 
species that were recorded, discarding cases of likely 
introduction by humans, in particular long-tailed 

and, to a lesser extent, pig-tailed macaques (see re-
sults). On some islands (e.g. Borneo, Java) many 
species appear to occur sympatrically in at least part 
of their distribution range (Brandon-Jones, 1996b; 
Nijman, 1997, 2000, 2004, 2006; Meijaard and Gro-
ves, 2004) whereas on other islands (e.g. Sumatra, 
Thai-Malay Peninsula) they occur mostly allopatri-
cally (Brandon-Jones, 1996b; Chivers, 1980); we did 
not take this into account in our analysis. Islands 
with no primate species present were omitted. This 
resulted in the inclusion of 118 islands plus the 
Thai-Malay Peninsula and Sundaland, with a total 
of 268 records of species presence on these islands 

Table 1. List of species included in the study following two taxonomic arrangements (see text for details). Endemics (i.e. species occurring 
on <5 islands excluding species occurring extralimital into mainland Asia) are indicated in italics.

 
common name BSC (Groves 1993) Islands PSC (Groves 2001, plus additions) Islands
slow loris Nycticebus coucang 22 Nycticebus coucang 13
   N. hilleri 1
   N. menagensis 7
   N. javanicus 2
western tarsier Tarsier bancanus 7 Tarsier bancanus 7
long-tailed macaque Macaca fascicularis 105 Macaca fascicularis 105
pig-tailed macaque M. nemestrina 18 M. nemestrina 14
   M. leonina 2
   M. pagensis 1
   M. siberu 3
proboscis monkey Nasalis larvatus 4 Nasalis larvatus 4
simakobu Simias concolor 5 Simias concolor 5
banded leaf monkey Presbytis melalophos 14 Presbytis melalophos 6
   P. femoralis 6
   P. siamensis 3
   P. natunae 1
   P. chrysomelas 1
Hose’s leaf monkey P. hosei 1 P. hosei 1
   P. sabana 1
   P. canicrus 1
white-fronted leaf monkey P. frontata 1 P. frontata 1
red leaf monkey P. rubicunda 2 P. rubicunda 2
Thomas’ leaf monkey P. thomasi 1 P. thomasi 1
Javan leaf monkey P. comata 1 P. comata 1
Mentawai leaf monkey P. potenziani 4 P. potenziani 4
Javan langur Trachypithecus auratus 3 Trachypithecus auratus 3
silvered langur T. cristatus 15 T. cristatus 15
dusky langur T. obscurus 7 T. obscurus 7
Javan gibbon Hylobates moloch 1 Hylobates moloch 1
Kloss’gibbon H. klossi 4 H. klossi 4
lar gibbon H. lar 2 H. lar 2
agile gibbon H. agilis 3 H. agilis 2
   H. albibarbis 1
Muller’s gibbon H. muelleri 1 H. muelleri 1
siamang Symphalangus syndactylus 2 Symphalangus syndactylus 2
orangutan Pongo pygmaeus  2 Pongo pygmaeus  1
   P. abelii 1
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(Fig. 2). Species that occurred on five or less islands 
were considered ‘island endemics’ (as opposed to 
e.g. ‘geopolitical endemics’ or ‘restricted-range en-
demics’) excluding species that ranged further north 
into southeast Asia.

Species area relationships

Whittaker and Fernandez-Palacios (2007) pointed 
out that different authors mean different things 
when they talk about species-area relationships. We 
limit ourselves to the analysis of the number of spe-
cies found on each of a set of distinct islands in rela-
tion to the area of each unit, viz. our design is non-
nested. Since it is debatable whether or not the 
Thai-Malay Peninsula behaves as an island and 
since inclusion of Sundaland makes the design nest-
ed, we discuss these cases separately. 
 While our model contains the implicit assump-
tion of equilibrium, we note that the area of most 
of at least the smaller islands must have changed in 
a rather dynamic fashion since the LGM as a func-
tion of both sea-level rise and the topography/hyp-
sometry of each island. Some islands may have been 
effectively ‘small’ for a long time (i.e. those with 
steep offshore bathymetry) whereas others may have 
been large and became small only a few millenia ago 
(i.e. those with variable or shallow offshore bathym-
etry), and this may have an effect on extinction pat-
terns. As a proxy for this we included, besides area, 
altitude (islands with steep offshore bathymetry are 
expected to have high mountains) and greatest 

depth between island and mainland in our set of 
predictor variables.

Analysis

We used simple linear regressions and multiple re-
gressions to explore relationships between island 
size and number of species present on these islands. 
To approach a normal distribution more closely 
most variables were log-transformed prior to analy-
sis. To find out which variables strongly correlated 
with number of species, we investigated the relation-
ships among different macroecological variables 
(latitude, longitude, altitude, distance to mainland, 
greatest depth between island and mainland, dis-
tance to neighbouring islands, as well as island size) 
using the number of PSC species per island as the 
dependent variable. We conducted regressions using 
Pearson Correlation to measure to strength of as-
sociations. To assess the colinearity between our 
variables which could have confounded our results, 
we examined plots of all variables plotted against 
all others and determined the bivariate correlations 
between each of the variables. This procedure iden-
tified several correlated variables (see Results), and 
we determined the independent effects of predictor 
variables and PSC species numbers through multi-
ple regression analyses. Analyses were done in SPSS 
13.0 (SPSS 2004). Significance is accepted when 
P<0.05 in a two-tailed test.

Results

Choice of taxonomy

As expected, the number of primate species is high-
ly significantly related to the surface area of the is-
lands, but the slope of each relationship (z-value) is 
low. Choice of taxonomy did not appear to influ-
ence the slope of the species area curve (Fig. 3, Ta-
ble 2). Considering the most inclusive datasets, the 
slopes always had z-values ranging between 
0.13-0.16, with coefficients of variation explaining 
some 41-50% of the observed variation.
 Under the PSC more species can be considered 
island endemics (i.e. occurring on <5 islands) than 
under the BSC. Species concept has an influence on 
endemic species area relationships. The slope for 
BSC endemic species does not differ from that for 
BSC endemic and non-endemics combined (both 
being 0.16), whereas the slope for PSC endemic spe-

Fig. 2. The 118 islands in insular Southeast Asia for which the 
primate species numbers were assessed.
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cies (0.21) is steeper than that for PSC endemic and 
non-endemics combined (0.15).
 Inclusion of  the Thai-Malay Peninsula or Sun-
daland as ‘islands’ has little effect on the species-
area relationships, suggesting that the size of  the 
dataset is large and robust enough to buffer against 
the effects of  outliers. Likewise, exclusion of  long-
tailed macaques from islands where it may have 
been introduced (i.e. those from where they have 
not been observed to show morphological diver-
gence as attested by the description as subspecies) 
has no significant effect on the relationships be-

tween species number and surface area of  the is-
lands (Table 2).

Effect of geographical variables

Several of the predictor variables were significantly 
correlated: altitude vs area (R = 0.53, P = 0.0001); 
altitude vs longitude (R = 0.41, P = 0.001); area vs 
longitude (R = 0.31, P = 0.008); area vs depth (R = 
0.36, P = 0.002); distance to nearest island vs depth 
(R = 0.39, P = 0.001); distance to mainland vs depth 
(R = 0.33, P = 0.005); and distance to island vs dis-
tance to mainland (R = 0.59, P = 0.001). The pre-
dictor variables in the multiple regression model 
explained 19% of the variation in the number of 
species per island (R = 0.43, P = 0.081), with area (t 
= 2.309; P = 0.025) and longitude (t = -1.981; P = 
0.05) being the strongest predictors. Our analysis of 
colinearity suggested that the strong correlation be-
tween longitude, altitude and area confounded the 
results, and we repeated the multiple regression 
without entering longitude and altitude as predic-
tors. In this analysis, the predictor variables ex-
plained only 11% of the variation in the number of 
species per island (P = 0.05). 

Discussion

Species area relationships

Our analysis suggests that the number of primate 
species on Sundaic islands is almost entirely deter-

Fig. 3. Number of Primate species in Sundaland by island size, 
including Sundaland and the Thai-Malay Peninsula (BSC follows 
the Biological Species Concept – Groves 1993 and PSC follows 
the Phylogenetic Species Concept – Groves 2001 and updates).

Table 2. Relationships between Primate species richness (BSC follows the Biological Species Concept – Groves 1993 and PSC follows the 
Phylogenetic Species Concept – Groves 2001 and updates) and island size in Sundaland using a double log analysis. ‘All areas’ include 
Sundaland and the Thai-Malay Peninsula; ‘minus possibly introduced M. fascicularis’ excludes this species from all smaller islands apart 
from those with their own subspecies under the assumption that there is a chance that they have at one time been introduced by humans. 
 
Analysis N (taxa) N (islands) Slope Intercept R2(adj.) P<
BSC (1993)      
 All species, all areas 23 118 0.16 -0.44 0.50 0.0001
 All species, islands only 23 116 0.13 -0.36 0.42 0.0001
 Endemic species only, all areas 12 17 0.16 -0.57 0.58 0.0001
PSC (2008)      
 All species, all areas 37 118 0.15 -0.36 0.49 0.0001
 All species, islands only 36 116 0.13 -0.34 0.41 0.0001
 All species minus possibly introduced 
 M. fascicularis, all areas 37 77 0.14 -0.42 0.45 0.0001
 All species minus possibly introduced 
 M. fascicularis, islands only 36 75 0.11 -0.33 0.36 0.0001
 Endemic species only, all areas 21 23 0.21 -0.84 0.60 0.0001
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mined by island area. Degrees of isolation (as ex-
pressed by the depth of seas separating the island 
from the mainland and the distance of the island to 
mainland/nearby island) has little direct influence 
on the number of species. Similarly, altitude, and 
latitude do not have much influence on the variation 
in number of species. This is in broad agreement 
with Harcourt’s (1999) findings based on a smaller 
dataset. The primate species-area relationships in in-
sular Southeast Asia are thus best explained by in-
voking a scenario where progressively more species 
became extinct when sea levels rose after the last gla-
cial maximum. This effect would have been exacer-
bated by even higher sea levels (1-4 m above present 
level) that occurred between 5,000 and 6,000 years 
ago (Thomas et al., 1999; Geyh et al., 1979; Hesp et 
al., 1998), which would have reduced island areas 
even more, and affected extinction, especially on 
low-elevation islands. Immigration across water as 
to colonise islands does not fit in this scenario. The 
only two species which, based on their ecology, are 
expected to be able to colonise off-shore islands, 
and even islands further away, are the long-tailed 
macaque and the proboscis monkey. Proboscis mon-
keys inhabit mangroves, swamp and riverine forests, 
occupying river islands (Meijaard and Nijman, 1999, 
2000), and is a good swimmer. However apart from 
Borneo, its main distribution range, the species has 
been recorded on just three islands, all of which are 
very close to the present coastline of Borneo. 
 Because of its frequent proximity to human ha-
bituation, and, at least locally, its habit of feeding in 
open spaces, long-tailed macaques have been con-
sidered ‘weed’-species (Richard et al., 1989). Fur-
thermore it is by far the most common primate to 
be encountered on pet markets in Indonesia (Shep-
herd et al., 2004; Nijman, unpublished data). If  this 
close proximity to humans has resulted in the intro-
duction of macaques on small islands where they 
were previously not present, this may obscure real 
biogeographical patterns. Long-tailed macaques are 
the most widespread species in the region, being re-
corded on 105/118 islands in our dataset, including 
many small islands. Long-tailed macaques – which 
are also know by their vernacular name of crab-
eating macaque – can be found on a variety of 
coastal environs, and given enough time may reach 
small off-shore islands and islets unaided. The ex-
clusion of records of long-tailed macaques from all 
small islands where they have not been observed to 
show morphological divergence (as attested by the 

description as subspecies) has no significant effect 
on the relationships between species number and 
surface area of the islands. 
 We note that both longitude and latitude are in-
versely correlated with the number of species per 
island, suggesting that species numbers decrease in 
a northerly and easterly direction. This effect is pri-
marily caused by the high number of primate spe-
cies on the Mentawai Islands on the far west of our 
study area.

Taxonomy and slope

There is a relative large difference in number of pri-
mate species in insular Southeast Asia under the 
BSC (23) or PSC (37). Choice of species concept 
had little or no effect on the species-area curves. 
Contrary to Isaac et al. (2004) suggesting that ap-
plication of PSC as opposed to BSC will lead to a 
greater increase in species richness in large than in 
small areas applying the PSC to Primates in insular 
Southeast Asia leads to an increase in species irre-
spective of area size. The ‘new’ PSC species are not 
only described from small islands (e.g. Macaca pa
gensis and M. siberu from the Mentawai Islands: 
Roos et al., 2003; Ziegler et al., 2007; Presbytis natu
nae from Bunguran Island: Groves, 2001; Lam-
mertink et al., 2003) but also from intermediate is-
lands (e.g. Nycticebus javanicus from Java: Chen et 
al., 2006) and the largest (Presbytis siamensis and P. 
femoralis from Sumatra and the Thai-Malay Penin-
sula: Groves, 2001; P. chrysomelas, P. sabana and P. 
canicrus from Borneo: Meijaard and Groves, 2004). 
The hypothesis of Isaac et al. (2004) that taxonomic 
inflation (by applying the PSC) will lead to species-
area curves to become steeper, giving greater ana-
lytical power, is not supported by the data on pri-
mates in insular Southeast Asia. 
 Choice of species concept has an effect on the 
positioning of primate hotspots on Borneo (Meij-
aard and Nijman, 2003) and indeed other species in 
other regions (e.g. birds in Africa: Dillon and Fjeld-
sa, 2005). Likewise choice of species concept did 
have an effect on the slope of the species-area curve 
when restricting the analysis to endemic species. 
More species can be considered endemic to a small 
number of islands (which can be small or large) un-
der the PSC than under the BSC and the difference 
in sample size may affect the outcome of the analy-
sis. Under the PSC several species are restricted in 
their distribution to (a part of) a single island only, 
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including Nycticebus hilleri, Macaca pagensis, Pres
bytis siamensis, P. natunae, P. chrysomelas, and, while 
long-recognised as such, under the PSC, North Su-
matra, the Mentawai Islands, North Borneo and 
West Java stand out even more as centres of ende-
mism.

Conclusion and avenues for further research

Irrespective of species concept the double log value 
of 0.13-0.16 for primate species in insular Southeast 
Asia is low for land bridge islands (Williamson, 
1988; Huggett, 2004), and is lower than found by 
Heaney (1984) for all mammals (z = 0.235, N = 14 
islands) or by Harcourt (1999) for primates (z = 
0.21, N = 29 islands) in Southeast Asia. Our larger 
sample size in terms of islands (e.g. 4 times that of 
Harcourt 1999 and 8 times that of Heaney 1984) 
was mainly due to omission of the smaller islands 
but also some medium large ones (e.g. Laut 2057 
km2, Bintan 1173 km2, Padang 1109 km2) in previ-
ous studies. In MacArthur and Wilson (1967) our 
z-values (0.13-0.16) fall in the range of typical non-
isolated samples on the mainland (or large islands) 
where z-values tend to vary between 0.12-0.17. As 
discussed by Whittaker and Fernandez-Palacios 
(2007) there are many examples that broadly sup-
port the island-mainland distinctions but there are 
also exceptions. The low z-value reported here may 
suggest that for primates the islands of insular 
Southeast Asia do not appear to be isolated (with 
frequent dispersal between islands irrespective of 
the depth and distance they are separated from the 
mainland or other large islands). Alternatively many 
of the smaller islands may be oversaturated, with a 
higher species number than would be expected by 
their size or conversely that the bigger islands have 
fewer species than expected for their size. 
 As noted in the introduction, a crucial parameter 
in studying species area relationships is an accurate 
knowledge of the distribution of taxa on the differ-
ent islands. Among mammals, distribution ranges 
of primates are among the best known, and using 
primates it would be worthwhile to test the influence 
of species concept on species-area relationships in 
other biogeographical areas. With many new spe-
cies having been described recently, the primates of 
Madagascar and the Neotropics (both the result of 
a single colonization event, 50-60 MYa and 17-37 
MYa respectively followed by major radiations, 
Poux et al., 2005, 2006) would make excellent test 

cases, albeit that regions instead of islands have to 
be used in the analysis. Alternatively, one could test 
the influence of species concepts on species-area re-
lationships using other well-known taxa, such as 
birds, living in insular Southeast Asia. In the latter 
case we expect that, as with primates, this may have 
little effect other than when the analysis is restricted 
to endemic species. 
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