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Abstract 
 

In order to elucidate the evolutionary history and taxonomy of the Mentawai macaques, we 
sequenced a 567 base pairs (bp) long fragment of the mitochondrial cytochrome b gene from 39 
individuals representing pigtailed macaque populations from Siberut, Sipora, South Pagai, and 
Sumatra. Pairwise difference analyses carried out within and among populations have shown, that: (1) 
variation within populations is relative low, (2) variation among populations is increased, and (3) 
pairwise differences within and among the populations from Sipora and South Pagai are in the same 
range. From phylogenetic tree reconstructions including further macaque species, we detected a 
paraphyletic origin of Mentawai macaques with the Siberut population more closely related to Macaca 
nemestrina from Sumatra, than it is to populations from the Southern islands. Based on these results, 
we favour a scenario in that macaques entered the Mentawai islands by two independent colonisation 
events. Taking together the paraphyletic origin of Mentawai macaques and the genetic differences 
detected among pigtailed macaque populations, which are comparable with those observed among the 
seven Sulawesi macaque species, we propose to separate macaques from Siberut and Sipora, North 
and South Pagai into two distinct species, Macaca siberu and Macaca pagensis, respectively. 
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1. Introduction 
 

The Mentawai islands off Sumatra’s west coast, an archipelago that comprises the four major 
islands Siberut, Sipora, North Pagai, and South Pagai, are of considerable conservation significance 
due to their high incidence of endemic species. Among these, the geographic distribution of the four 
different primate taxa Macaca pagensis, Simias concolor, Presbytis potenziani, and Hylobates klossii 
is exclusively restricted to this hotspot of primate biodiversity.  

Among the different Mentawai primates, information about the macaques is especially scarce. 
The phylogenetic relationships of Mentawai macaques to other members of the genus Macaca, the 
affiliations among them, and their taxonomic status are still controversially discussed, largely due to 
the extremely limited database on these remote and largely inaccessible primates. Concerning their 
higher level phylogenetic affiliations, several mutually exclusive alternatives are discussed. It is 
generally agreed that the Mentawai macaques, as close relatives of pigtailed macaques, belong to the 
silenus–sylvanus group (Fooden, 1976), which is distributed over a broad geographic range in Asia 
(Fig. 1), but also includes the only extant African macaque, Macaca sylvanus. Genetic data allow an 

Fig. 1. Map displaying the
geographic distribution of the
silenus group. The more 
detailed map shows the origin
of the Mentawai and Sumatra
samples. Numbers refer to
individual subpopulations
analysed (see also Table 1). 
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interpretation with M. sylvanus representing the sister clade to all Asian macaques (Deinard and 
Smith, 2001; Hayasaka et al., 1996; Morales and Melnick, 1998), which justifies its separation into a 
separate, monotypic species group (Delson, 1980). The silenus group comprises several taxa, 
including Macaca silenus, seven species of Sulawesi macaques and pigtailed macaques, which are 
divided by Fooden (1975, 1980) into the Sunda form (M. nemestrina nemestrina), the Northern form 
(M. n. leonina), and the Mentawai form (M. n. pagensis). Groves (2001) recognises all three pigtailed 
macaques as distinct species, and we will adopt this model here. Fossil evidence suggests a scenario in 
which macaques colonised Asia about 5.5 million years ago (Mya) (Delson, 1996). Subsequently, a 
major split occurred which resulted in a splitting into two major lineages, the silenus group and a 
proto-fascicularis (Morales and Melnick, 1998) clade. Within the silenus group, it is now estimated 
that the Sulawesi macaques diverged from the silenus–nemestrina clade about 4.5 million years ago 
(Groves, 2001; Morales and Melnick, 1998), much earlier than previously suggested (1.0–0.7 Mya) 
(Delson, 1980; Fooden, 1969).  

Most authorities now consider the Mentawai macaques as a distinct species (M. pagensis), 
resembling most closely the longtailed macaque (Macaca fascicularis) although possessing a short tail 
(Groves, 2001; Tenaza, 1975;Wilson and Wilson, 1977). Interpretations based on morphological and 
preliminary behavioural studies, however, conclude that they share features with M. silenus and the 
Sulawesi macaques (Abegg and Thierry, 2002a,b). Fooden’s original arrangement (1975,1980), which 
classified the taxon as a subspecies (M. nemestrina pagensis) of pigtailed macaque was based on 
colour, cranial and tail morphological features, and this interpretation—that, the Mentawai macaque is 
either a subspecies of M. nemestrina or, at very least, that this is its closest relative, is supported by 
ecological (Watanabe, 1979; Whitten and Whitten, 1982) and genetic data, indicating a close 
phylogenetic relationship of Mentawai macaques to other pigtailed macaques (M. nemestrina and M. 
leonina) (Evans et al., 1999; Rosenblum et al., 1997; Scheffrahn et al., 1996; Tosi et al., 2000). 

From recent work of Fuentes and Olson (1995) and Groves (1996, 2001) it is becoming 
evident that differentiation between Mentawai macaques and other pigtailed macaques, as well as 
between the populations of the different islands of the archipelago, is more pronounced than formerly 
assumed. Thus, based on morphological studies, these authors proposed the existence of two different 
subspecies within M. pagensis: M. p. pagensis and M. p. siberu located on the three southern islands 
and Siberut, respectively. Extrapolating from the limited material available it has even recently been 
proposed that a separation of the two subspecies at the species level (Kitchener and Groves, 2002) 
would be justified, and this would also be supported by limited behavioural observations (Abegg and 
Thierry, 2002a). There has so far been no support for this classification from molecular studies, since 
in earlier analyses by Evans et al. (1999) and Rosenblum et al. (1997), only samples from Siberut 
macaques were included.  

In order to get a more complete picture of the Mentawai macaque diversity, their evolutionary 
history and taxonomic status, we initiated a study including macaque individuals from Siberut, Sipora, 
and South Pagai. To this end, we used non-invasively obtained DNA from free ranging and zoo 
animals to PCR-amplify and sequence a portion of the mitochondrial cytochrome b gene. The 
resulting sequences were compared with the orthologs obtained from M. nemestrina from Sumatra, the 
seven Sulawesi macaque species and three other macaque species representing the sylvanus and the 
proto- fascicularis clade. 

Our first aim was to clarify the phylogenetic relationships among the analysed taxa and their 
taxonomic position. Secondly, since it is obvious that the Mentawai islands can serve as a model for a 
recent radiation, a well established phylogeography of Mentawai macaques could therefore, represent 
a first platform to derive a model for the colonisation of the Mentawai islands by mammalian 
representatives. 
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2. Materials and methods 
  

Faecal samples from 39 individuals representing pigtailed macaque populations from Sumatra 
and the Mentawai islands were collected from free ranging populations and zoo animals. To achieve 
the optimum geographic representation of the four islands, two different subpopulations on Siberut, 
five on Sipora, and three on South Pagai as well as four macaque subpopulations on the west coast of 
Sumatra were sampled (Fig. 1). Emphasis was given to a geographically broad taxonomic sampling of 
Mentawai macaques instead of a complete representation of the respective macaque group. In order to 
avoid repeated sampling of the same individuals, animals were observed and identified on the basis of 
characters pertaining to fur coloration, age, and gender. Hence, only fresh stool samples that could be 
individually assigned were collected and stored in 70% ethanol at ambient temperature for up to six 
months before further processing. To put the Mentawai macaque sequence information into context 
with other macaque taxa, DNA extracted from M. sylvanus, Macaca thibetana, and M. fascicularis 
blood samples was used to amplify the respective orthologs in these taxa. In addition, the data set was 
further expanded with homologous sequences from all seven currently recognised Sulawesi macaques 
and Papio hamadryas that are deposited in GenBank. Thus, a total of 50 individuals constitutes the 
initial data set. Further details are given in Table 1. 

DNA was extracted from feces samples using the Qiagen Stool Kit as recommended by the 
supplier. DNA isolations from peripheral blood lymphocytes was done according to standard methods 
with an over-night digestion with Proteinase K followed by salting out of the proteins and subsequent 
ethanol precipitation of the DNA as outlined in Sambrook et al. (1989). 

 

 
 

 

Table 1. Origin, sample type and abbreviation of analysed individuals 
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A 720 bp fragment of the mitochondrial cytochrome b gene was PCR-amplified (Saiki et al., 
1988) using the oligonucleotide primers CYT-L: 5’-AATGATATGAA AAACCATCGTTTTA-3’ and 
CYT-H: 5’-TAGTAGG GGTGGAAGGGGATTTT-3’. This fragment size represented the maximum 
size we could successfully amplify from all DNAs obtained from the feces samples (N = 39). 
Standard, wax-mediated hot-start PCRs were carried out for 35 cycles, each with a denaturation step at 
94 °C for 1 min, annealing at 60 °C for 1 min, and extension at 72 °C for 1 min. A final extension for 
5 min was added at the end of the reaction. To check the specificity of the reaction and the amount of 
DNA generated in the PCR amplifications, aliquots of the reaction were run on agarose gels and 
visualised by ethidium-bromide staining. Subsequently, about 100 ng of amplificate were further 
processed as template in the sequencing reaction using the Amersham Thermo Sequenase Primer 
Cycle Sequencing Kit according to the supplier’s recommendations. All sequences were 
electrophoresed on an automated LICOR 4200L sequencer. The respective sequences have been 
deposited in Gen-Bank and are available under the Accession Nos. AY151088–AY151129. 

All sequences were checked for their potential to be correctly transcribed. Due to the high 
copy number of mtDNA, and the amount and integrity of endogenous DNA obtained from stool 
samples, we consider the inadvertent amplification of single copy nuclear integrations of mtDNA as 
negligible.  

Sequence alignments were carried out by CLUSTAL W (Thompson et al., 1994) and 
subsequently manually edited. The initial alignment comprises 50 individuals with 567 bp in length, 
which is available from the corresponding author upon request. 

Observed sequence differences were calculated applying the PAUP package (Swofford, 1999). 
A maximum-likelihood estimate of the sequence distances was obtained with the PUZZLE software 
(Strimmer and von Haeseler, 1996) with transition:transversion ratios and base frequencies estimated 
from the data set. 

The amount and pattern of DNA polymorphisms between and within populations of M. 
nemestrina, M. siberu, and M. pagensis were separately calculated for both synonymous and non-
synonymous sites applying the DnaSP 3.52 program (Rozas and Rozas, 1999). 

Base frequencies (26.1, 32.7, 14.4, and 26.8% for A, C, G, and T, respectively) as well as the 
transition:transversion ratio (8.81) were estimated from the data set using the PUZZLE software. 
Phylogenetic analyses were carried out applying the maximum-parsimony (MP) (Fitch, 1971), and 
neighbor-joining (NJ) (Saitou and Nei, 1987) algorithms both included in the PHYLIP package 
(version 3.5c) (Felsenstein, 1993). Maximum-likelihood (ML) reconstructions were done with 
PUZZLE (version 5.0) program (Strimmer and von Haeseler, 1996). Distance corrections for the NJ 
analysis were performed with the ML distance correction and transition:transversion ratios as 
estimated in PUZZLE. For ML reconstructions, the HKY (Hasegawa et al., 1985) and the TN (Tamura 
and Nei, 1993) model of sequence evolution were used. 

Robustness of tree topologies was assessed by bootstrap analyses (MP and NJ) with 1000 
replications. Support for a branching pattern in the ML trees is indicated by the ML quartet puzzling 
support values on the basis of 1000 puzzling steps. 

A molecular clock likelihood ratio test as implemented in PUZZLE was performed to check 
whether the sequences evolve in a clock-like manner. The test was carried out for all codon positions 
as well as for third positions only. Divergence times (±95% confidence interval) were calculated using 
the branch lengths as estimated in PUZZLE. 

To examine whether there are significantly different lineage-specific evolutionary rates 
observable in the data set, we performed a relative rate test with the RRTree program (Robinson et al., 
1998) for all possible pairwise comparisons and using the Papio hamadryas sequence as an outgroup. 
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3. Results 
  

3.1. Within and between population differences 
 

The Sumatran sample consisted of eleven individuals in which five different haplotypes could 
be detected. Pairwise difference analyses revealed that non-identical sequences differed by a mean 
value of 0.67%, whereas the five Siberut-specific haplotypes (obtained from twelve individuals), 
displayed an average difference of only 0.39%. 

 
 
 

Fig. 2. Distribution of pairwise differences among non-identical haplotypes within and between populations, measured as 
%-pairwise comparisons for a specific number of substitutions (all comparisons for each synonymous and non-
synonymous substitutions: 100%). Non-synonymous substitutions are indicated by black and synonymous ones by white 
columns (see also Table 2). 
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The highest within-population difference of 0.92% was detected between the four haplotypes 
from Sipora. From eight sampled individuals from South Pagai, four non-identical haplotypes were 
detected, which display an average difference of 0.62%. 

Differences between the four populations are much higher than those within populations and 
display an increasing number of both synonymous and non-synonymous substitutions. This 
observation is reminiscent of mitochondrial sequence data obtained from other macaque taxa (Melnick 
and Hoelzer, 1993). 

The lowest variation between populations was found between Sipora and South Pagai 
(0.90%). Siberut and Sumatran macaques differed by 3.42%, whereas the average difference between 
macaques from Sipora and South Pagai and those from Siberut and Sumatra is 5.88%. Further details 
to pairwise difference distributions are displayed in Fig. 2 and Table 2. 

 
3.2. Between species differences 
 

The average observed genetic difference among all analysed haplotypes is 7.88%. Within 
macaques, the highest difference was observed between M. sylvanus and all Asian macaques (8.99–
12.35%). Lowest differences were detected within the pigtailed macaque populations (0.39–0.92%), as 
well as between the populations from Siberut and Sumatra (3.42%) and the Sulawesi macaque species 
M. tonkeana, M. ochreata, M. brunnescens, and M. hecki (2.82–3.70%). All other observed 
differences between analysed Asian macaque species are in the range from 4.06 to 11.29%. Further 
details on pairwise differences are given in Table 3. 

 
3.3. Phylogeography 

 

To investigate whether a clear geographical pattern in the spatial distribution of the Mentawai 
macaque haplotypes exists, the non-identical sequences were phylogenetically related applying the 
neighbor-joining, maximum-parsimony, and maximum-likelihood algorithms. Altogether 29 
sequences which were identified as non-identical haplotypes on the DNA level were included in 
phylogenetic tree reconstructions, which were rooted using the Papio hamadryas sequence as an 
outgroup. As a result, all trees obtained on the basis of different algorithms and assumptions displayed 
the same tree topology and differed only in their support values for the different branches (Fig. 3). 

To ascertain whether cyt b sequence evolution in the macaque sample follows a clock-like 
manner, the log likelihood for ML trees under the assumption of a molecular clock and non-clock 
were calculated using PUZZLE. Likelihood ratio tests with log likelihood values of -2496.80 and        
-2476.86 (all positions) and -1263.16 and -1245.00 (third positions), for trees reconstructed under a 
model of clock-like and non-clocklike sequence evolution, respectively showed that the clock-like tree 
cannot be rejected on a significance level of 5%. Additionally, no significant differences in the rates of 

Table 2. Synonymous and Non-synonymous substitutions in percentage within and between pigtailed macaque 
populations (see also Fig. 2) 
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sequence evolution for the different lineages that were 
obtained in the PUZZLE tree could be detected in a 
relative rate test. Based on this information, we estimated 
divergence times, calibrating the molecular clock by 
using the fossil evidence attributed to the main split 
between African (M. sylvanus) and Asian macaques of 
about 5.5 Mya as reference (Delson, 1996). Using this 
calibration point, it can be deduced that this fragment of 
mitochondrial cytochrome b evolves at an average 
substitution rate of 0.0137 and 0.0397 
substitutions/position per million years considering either 
all positions or third positions only. 

In all trees, M. sylvanus branched off first, 
verifying the sister group relationship of African and 
Asian macaques. Within the Asian clade, M. thibetana 
and M. fascicularis represented a monophyletic sister 
clade to the silenus group, represented by Sulawesi and 
pigtailed macaques. Within the silenus group, Sulawesi 
macaques were the first to split off, followed by 
macaques from Sipora and South Pagai, which could not 
be separated from each other. Pigtailed macaques from 
Siberut and Sumatra were the last to diverge. All these 
main splits within the pigtailed macaques are well 
supported with bootstrap or quartet puzzling support 
values exceeding 89%. On the other hand the 
relationship within populations cannot be resolved with 
significance due to an insufficient number of informative 
sites. 

 
 

4. Discussion 
  

4.1. Variation within and among pigtailed macaque 
populations 

 

Based on geographic location, individuals 
analysed in this study were initially regarded as 
belonging to five different populations. In all five 
populations, identical sequences could be traced. At first 
glance this could lead to the assumption that genetic 
variation within these populations is low, although 
another possible explanation is that this is related to the 
type of social system seen in macaques. Although 
Mentawai macaque behavioural data are scarce, 
transposing the observations from other macaque species 
would suggest a high degree of female philopatry and as 
a consequence, that the variability of mtDNA (a genetic T
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marker which is assumed to be exclusively maternally inherited) is low among members of a macaque 
social group and high between individuals belonging to different groups (Melnick and Hoelzer, 1993). 
However, restricted accessibility of the sampling sites makes it difficult to determine how many 
individual groups were sampled in the present study. Thus, the possible influence of female philopatry 
on mitochondrial DNA diversity can only be addressed when a more comprehensive sample set 
becomes available. 

Pairwise difference distributions were computed separately for synonymous and non-
synonymous substitutions and calculations were done between all possible pairs of populations and 
among the individuals of each population. From these different analyses it becomes evident that the 
variation observed among Sipora individuals falls within the South Pagai macaque variation, whereas 
other Mentawai populations do not exhibit this phenomenon. Further computations were therefore, 
carried out regarding both island populations as one entity. 

The highest mean pairwise difference of non-identical sequences is found among individuals 
from Sipora and South Pagai, whereas the lowest value is within the Siberut macaque sample. These 
findings become clearer when the number of synonymous and non-synonymous substitutions are 
compared between the populations. Whereas in Siberut macaques, only synonymous substitutions 
were detected with a low frequency, the number of both synonymous and non-synonymous exchanges 
are higher in the other two populations. 

Again, the possibility of sampling bias has to be taken into account when explaining the 
apparently low sequence diversity obtained, particularly for Siberut where sampling from only two 
locations was possible. Thus, confirmation of these results by inclusion of additional samples from 
other subpopulations on Siberut would be necessary before concluding that genetic variation is indeed 
low. Additionally, the influence of recent population history of these animals on their genetic make up 
can at present not be clarified for the same reason. The tree reconstructions presented below suggest 
the existence of recent mitochondrial coalescent events for Sumatra, Siberut, and Southern island 
populations. However, the number of sequences is to low to obtain statistical support for any 
interpretation of the population history as inferred from the pairwise mismatch distributions. 

 
4.2. Branching pattern and dating 

The results presented here have enabled us to resolve the phylogenetic affiliations among 
different Southeast- Asian macaque species at a high level of significance, and it is in accordance with 
interpretations of behavioural data, and with other molecular phylogenetic reconstructions that overlap 
with our sampling (Deinard and Smith, 2001; Delson, 1980; Morales and Melnick, 1998). 

The observation that our data set evolves in a clocklike manner enabled us to estimate 
divergence times for the major splits occurring during the evolutionary history of Mentawai macaques. 
Though dating attempts for macaque branching events are difficult due to the sparseness of the Asian 
macaque fossil record, the splitting times computed from our data set fit very well with estimates from 
other molecular studies using mitochondrial 12S and 16S rRNA specifying DNA regions (Morales and 
Melnick, 1998) and γ-globin DNA sequences (Page et al., 1999). 

A reasonable scenario might therefore, be that after macaques colonised Asia at about 5.5 
Mya, they diverged into two main lineages, a proto-fascicularis clade, herein represented by M. 
fascicularis and M. thibetana, and the silenus group (M. nemestrina, M. pagensis, M. siberu, and 
Sulawesi macaques) about 4.5 Mya (±121.000 years) to 4.7 Mya (±113.000 years). Later on, within 
the range of about 3.5 Mya (±68.000 years) to 3.8 Mya (±71.000 years), the proto-fascicularis clade 
separated into the fascicularis and sinica groups. Within the silenus group, the monophyletic Sulawesi 
macaques were the first to split off at about 3.2 (±66.000 years) to 3.4 (±68.000 years) Mya, which is 
much earlier than initially suggested by Delson (1980) and Fooden (1975), although is in rough 
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agreement with other estimates (4.0–4.5 Mya) from molecular data (Morales and Melnick, 1998; Page 
et al., 1999). 

 

 

 
 
 
 

Fig 3. Fifty percentage majority rule consensus trees for the ML (a), NJ and MP (b) algorithms. The ML tree (a) is drawn 
under the assumption of a molecular clock-like sequence evolution; numbers in the tree indicate puzzling support values. In 
(b), numbers above and below branches indicate bootstrap support values for the NJ and MP method, respectively.
Numbers displayed with the location names indicate the identical sequences sampled from other individuals and refer to the 
abbreviations listed in Table 1. 
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The phylogenetic relationships among pigtailed macaques, in which the Mentawai macaques 
are paraphyletic, are most unexpected. Macaques from Sipora and South Pagai, which cannot be 
separated from each other, represent the sister clade to the macaques from Siberut and the Sumatran 
M. nemestrina. This topology, which is supported at a high level of significance, is in stark contrast to 
previous assumptions that all Mentawai macaques share a common ancestor to the exclusion of all 
other macaques, including M. nemestrina (Groves, 2001; Fooden, 1975, 1980). The calculations 
presented herein suggest a separation of M. pagensis (Sipora, North Pagai, and South Pagai) from the 
clade consisting of M. siberu (Siberut) and M. nemestrina (Sumatra) at about 2.2 (±35,000 
years/_33,000 years) Mya, whereas M. siberu and M. nemestrina diverged more recently, about 1.1 
(±14,000 years) to 1.3 (±16,000 years) Mya. The last mitochondrial common ancestor of the M. 
nemestrina population of Sumatra lived about 0.19 (±2,000 years) to 0.47 (±3,000 years) Mya, 
whereas those of the M. siberu and M. pagensis populations existed about 0.18 (±1,000 years) to 0.19 
(±1,000 years) Mya and 0.28 (±18,000 years) to 0.39 (±21,000 years) Mya, respectively. 

Though the data set presented herein represents a major step towards the description of the 
evolutionary history and taxonomy of the extant members of the silenus group, a final and complete 
history of its phylogeny cannot be established from our data set. To this end a more complete 
taxonomic sampling of pigtailed macaque populations is required, (although thus may be difficult due 
to the restricted accessibility of the different habitats) and the inclusion of a comprehensive M. silenus 
sample would also be necessary.  

Previous molecular analyses, including pigtailed macaque populations over the entire 
geographic range, revealed different clades according to their geographic distribution, with one on 
Sumatra, Borneo, Siberut, Malaysia, and Thailand/China (Evans et al., 1999; Rosenblum et al., 1997). 
Although the monophyly of pigtailed macaques including the Mentawai populations is suggested, 
there is some molecular evidence that this might not be the case (Morales and Melnick, 1998). Hence, 
ideas about a close affiliation between Mentawai macaques and M. silenus based on morphological 
and behavioural data (Abegg and Thierry, 2002a) cannot be rejected at this stage, and approaching a 
solution for this problem on a genetic level requires a broader taxonomic sampling across the silenus 
group. 
 
4.3. Taxonomic status of Mentawai macaques 

 

The phylogenetic and systematic position of the Mentawai macaques within the silenus group 
is still an important issue in macaque evolution. Although macaques from the Pagai islands have been 
known since 1903 (Miller, 1903), little information is available on their ecology, behaviour, and 
evolution. Their systematic status has been changed several times, from subspecies (Fooden, 1975, 
1980; Rosenblum et al., 1997) to full species (Abegg and Thierry, 2002a; Fuentes and Olson, 1995; 
Groves, 1996, 2001; Wilson and Wilson, 1977) and there have also been different views concerning 
their affiliations to other macaque species, such as M. fascicularis (Tenaza, 1975; Wilson and Wilson, 
1977), M. nemestrina (Evans et al., 1999; Fooden, 1975, 1980; Rosenblum et al., 1997; Scheffrahn et 
al., 1996; Watanabe, 1979; Whitten and Whitten, 1982) or M. silenus and the Sulawesi macaques 
(Abegg and Thierry, 2002a). In 1995, the Siberut macaque was named as a new subspecies, M. 
pagensis siberu (Fuentes and Olson, 1995), thus reviving scientific interest in Mentawai macaques‘ 
phylogeny and systematics. Recent preliminary data on their ecology, behaviour, and morphology 
(Abegg and Thierry, 2002a; Kitchener and Groves, 2002) suggest that the two Mentawai macaque 
populations should be separated into different species. 

The molecular data presented herein show that the Mentawai macaques form two distinct 
clades, one present on Siberut and the other on the southern islands, Sipora, and South Pagai. 
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Although no samples from North Pagai were available, it is reasonable to assume that macaques from 
North and South Pagai are genetically closely related, since no differentiation of individuals from 
Sipora and the geographically more distant South Pagai at the mtDNA level was detectable. 
Interestingly, an identical taxonomic distinction is made in two other Mentawai primates, Presbytis 
potenziani and Simias concolor, each of which has one subspecies on Siberut and another on the three 
southern islands(Groves, 2001). Whether this taxonomic distinction can be applied for all Mentawai 
primates or even other mammals, remains to be seen and has to await more data on the fourth 
Mentawai primate, Hylobates klossii, which is still regarded as monotypic. Furthermore, for any 
taxonomic proposal, it has to be taken into consideration that Mentawai macaques form a paraphyletic 
group, with Siberut macaques more closely related to pigtailed macaque populations from Sumatra 
than to pagensis and with estimated splitting times and genetic differences roughly resembling those 
calculated for Sulawesi macaques (Table 3). Taken together, these findings suggest a separation of 
macaques from Siberut and from the three Southern islands, Sipora, North, and South Pagai into two 
distinct species, M. siberu and M. pagensis, respectively. 

 
4.4. Biogeographic implications for the colonisation of the Mentawai islands 

 
Sea floor soundings suggest that there were landbridges between Sumatra and the Mentawai 

islands during extreme glacial periods, when sea levels were lowered by about 200m compared with 
present levels. In particular, since climatic fluctuations became more intensified from 5 to 1.6 Mya, 
primates could have entered the Mentawai islands on a landbridge from Sumatra via the Batu islands 
to the North within this period (Abegg and Thierry, 2002b). 

However, the paraphyly of the Mentawai macaques was an unexpected result of this study 
which is at odds with previous formulated assumptions. We propose the following explanations for 
this finding: 

1. From the available evidence, the most likely scenario would be that the colonisation of the 
Mentawai islands by macaques occurred not as a single, but rather as two independent events. There 
are a number of possible ways in which this could have happened:  

(1a) After a first colonisation of the Mentawai islands, a second invasion of Siberut may have 
been possible through the build up of another landbridge. The possibility of a second landbridge 
between Siberut and Sumatra, without a connection to the Southern islands seems unlikely, since there 
is - at least nowadays -  no significant difference in the sea depth between Sipora and Siberut 
compared with that between Siberut and Sumatra. It seems therefore, more likely that if there was a 
second fall in sea level, the entire area around the Mentawai islands would have fallen dry allowing an 
unrestricted access to all islands, rather than just Siberut. On the other hand, it is also possible that 
there was a landbridge between Siberut and Sumatra at a time when the three Southern islands were 
already cut off. Such a scenario also seems to be improbable because, as we mentioned above, there 
are no known differences in sea floor depth between the various islands. Moreover, a land connection 
between Siberut and Sumatra would imply a continuous sea level of the required depth (about 200 m) 
for at least 1 million years, which is the estimated time span between the two colonisation events (2.2 
and 1.1–1.3 Mya). This would in turn require constant climatic conditions over a long time period, and 
there is no indication of this. 

(1b) A further possibility for a second invasion would be rafting from Sumatra. However, the 
likelihood of rafting being successful would be at least partially dependent on whether or not Siberut 
was still inhabited by descendants of the first colonisation, information about which is unfortunately 
not available.  
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(1c) The shallow-water route between Sumatra and the Mentawai islands is to the north, so 
that dispersal into the Mentawais would be via Siberut. It is possible that, during the first dispersal 
event 2.2 million years ago, ancestral M. pagensis colonised the entire Mentawai group; during a 
second dispersal event, a million years later, the ancestor of M. siberu arrived, but populated Siberut 
not long before the next sea-level rise, so that, although it replaced M. pagensis on Siberut, it was 
unable to cross to Sipora and the Pagais. 

(1d) It is also possible that there are undetected differences in habitat type between Siberut and 
the other Mentawai islands, so that during the second dispersal phase ancestral M. siberu was able to 
replace M. pagensis on Siberut, but was unable to dislodge it from Sipora and the Pagais. However, 
alternative explanations not necessarily requiring a second independent colonisation event are 
possible: 

However, alternative explanations not necessarily requiring a second independent colonisation 
event are possible: 

(2a) One of these could be an initial colonisation of Siberut by stocks containing multiple, 
divergent mitochondrial lineages. A single lineage may have expanded into the Southern islands, 
while a different lineage, more closely related to extant Sumatran mtDNA, went to fixation on Siberut. 

(2b) Following an initial colonisation of Siberut, one or more females may have rafted from 
Sumatra to Siberut with a selectively advantageous mtDNA type, so that a subsequent ‘‘selective 
sweep’’ may have ensued on Siberut. 

Although with limited data available we currently favour the first two hypotheses of part 1, it 
would be of the utmost interest to know how the other indigenous primate species colonised the 
islands; of special interest would be Simias concolor and Presbytis potenziani, both of which likewise 
have two subspecies with the same distribution pattern as observed in macaques, and it remains to be 
seen if, beside primates, other animals display the same phylogeography. In addition to these studies, 
further molecular work is urgently required to extend our understanding of the evolution and 
population history of the members of the silenus group, and of other primate species distributed on the 
Mentawai islands. We can predict that this will further deepen our knowledge on the origin and extent 
of Mentawai island biodiversity and the forces that have shaped it over evolutionary time. 
 
 
Acknowledgments 
 

We are grateful to the staff of the Bukittinggi Zoo, Taman Safari Zoo, Nuremberg Zoo, 
Primate Centre Strasbourg, and the German Primate Centre for providing several samples. 
Furthermore, we thank Hadi S. Alikodra and Dondin Sajuthi from Bogor Agriculture University (IPB) 
for research collaboration and Robert D. Martin for financial assistance. Thanks go to Jürgen Schmitz, 
Dietmar Zinner and Volker Tesmer for help in statistical analysis and to Colin Groves, Bernard 
Thierry, and three anonymous reviewers for comments and helpful discussions. 

  
 
References 

 

Abegg, C., Thierry, B., 2002a. The phylogenetic status of Siberut macaques: hints from the bared-teeth display. 
Primate Report 63, 73–78. 

Abegg, C., Thierry, B., 2002b. Macaque evolution and dispersal in insular south-east Asia. Biol. J. Linn. Soc. 75, 
555–576. 



___________________________________________________________________________ 
Roos et al. 2003             Molecular Phylogeny of Mentawai macaques                Mol Phyl Evol 29 (2003) 139–150              14 

Deinard, A., Smith, D.G., 2001. Phylogenetic relationships among the macaques: evidence from the nuclear 
locus NRAMP1. J. Hum. Evol. 41, 45–59. 

Delson, E., 1980. Fossil macaques, phyletic relationships, and a scenario of deployment. In: Lindburg, D.G. 
(Ed.), The Macaques: Studies in Ecology, Behavior, and Evolution. van Nostrand Rheinhold, Amsterdam, 
pp. 10–30. 

Delson, E., 1996. The oldest monkeys in Asia. In: International Symposium: Evolution of Asian Primates, 
Freude & Kyoto University Primate Research Institute, Inuyama, Aichi, Japan, p. 40. 

Evans, B.J., Morales, J.C., Supriatna, J., Melnick, D.J., 1999. Origin of the Sulawesi macaques (Cercopithecidae: 
Macaca) as suggested by mitochondrial DNA phylogeny. Biol. J. Linn. Soc. 66, 539–560. 

Felsenstein, J., 1993. PHYLIP (Phylogeny Inference Package) Version 3.5c. Distributed by the author, 
Department of Genetics, University of Washington, Seattle. 

Fitch, W.M., 1971. Toward defining the course of evolution: minimal change for a specific tree topology. Syst. 
Zool. 20, 406–416. 

Fooden, J., 1969. Taxonomy and evolution of the monkeys of celebes (Primates: Cercopithecidae). Biblio. 
Primatol. 10, 1–148. 

Fooden, J., 1975. Taxonomy and evolution of liontail and pigtail macaques (Primates: Cercopithecidae). Field. 
Zool. 67, 1–169. 

Fooden, J., 1976. Provisional classification and key to living species of macaques (Primates: Macaca). Folia 
Primatol. 25, 225–236. 

Fooden, J., 1980. Classification and distribution of living macaques (Macaca Lacepede, 1799). In: Lindburg, 
D.G. (Ed.), The Macaques: Studies in Ecology, Behavior, and Evolution. van Nostrand Rheinhold, 
Amsterdam, pp. 1–9. 

Fuentes, A., Olson, M., 1995. Preliminary observations and status of the pagai macaque. Asian Primates 4, 1–4. 

Groves, C.P., 1996. The nomenclature of the Tanzanian mangabey and the Siberut macaque. Austral. Primatol. 
10 (4), 2–5. 

Groves, C.P., 2001. Primate Taxonomy. Smithsonian Institution, Washington DC. 

Hasegawa, M., Kishino, H., Yano, T., 1985. Dating of the human–ape splitting by a molecular clock of 
mitochondrial DNA. J. Mol. Evol. 22, 160–174. 

Hayasaka, K., Fujii, K., Horai, S., 1996. Molecular phylogeny of macaques: implications of nucleotide 
sequences from an 896-base pair region of mitochondrial DNA. Mol. Biol. Evol. 13 (7), 1044–1053. 

Kitchener, A.C., Groves, C., 2002. New insights into the taxonomy of Macaca pagensis of the Mentawai Islands. 
Sumatra Mammalia 66 (4), 533–542. 

Melnick, D.J., Hoelzer, G.A., 1993. What is mtDNA good for in the study of primate evolution? Evol. 
Anthropol. 2 (1), 2–10. 

Miller, G.S., 1903. Seventy new malayan mammals. Smithsonian Miscellaneous Collections 45, 1–73. 

Morales, J.C., Melnick, D.J., 1998. Phylogenetic relationships of the macaques (Cercopithecidae: Macaca), as 
revealed by high resolution restriction site mapping of mitochondrial ribosomal genes. J. Hum. Evol. 34, 
1–23. 

Page, S.L., Chiu, C.-H., Goodman, M., 1999. Molecular phylogeny of old world monkeys (Cercopithecidae) as 
inferred from c-globin DNA sequences. Mol. Phylogenet. Evol. 13 (2), 348–359. 

Robinson, M., Gautier, C., Mouchiroud, D., 1998. Sensitivity of the relative-rate test to raxonomic sampling. 
Mol. Biol. Evol. 15 (9), 1091–1098. 

Rosenblum, L.L., Supriatna, J., Melnick, D.J., 1997. Phylogeographic analysis of pigtail macaque populations 
(Macaca nemestrina) inferred from mitochondrial DNA. Am. J. Phys. Anthropol. 104, 34–45. 

Rozas, J., Rozas, R., 1999. DnaSP version 3: an integrated program for molecular population genetics and 
molecular evolution analysis. Bioinformatics 15, 174–175. 



___________________________________________________________________________ 
Roos et al. 2003             Molecular Phylogeny of Mentawai macaques                Mol Phyl Evol 29 (2003) 139–150              15 

Saiki, R.K., Gelfand, D.H., Stoffel, S., Scharf, S.J., Higuchi, R., Horn, G.T., Mullis, K.B., Erlich, H.A., 1988. 
Primer-directed enzymatic amplification of DNA with a thermostable DNA polymerase. Science 239, 
487–491. 

Saitou, N., Nei, M., 1987. The neighbor-joining method: a new method of reconstructing phylogenetic trees. 
Mol. Biol. Evol. 4, 406–425. 

Sambrook, J., Fritch, E.F., Maniatis, T., 1989. Molecular Cloning: A Laboratory Manual. Cold Spring Harbor 
Laboratory Press, Cold Spring Harbor, NY. 

Scheffrahn, W., de Ruiter, J.R., van Hooff, J.A.R.A.M., 1996. Genetic relatedness within and between 
populations of Macaca fascicularis on Sumatra and off-shore islands. In: Fa, J.E., Lindburg, D.G. (Eds.), 
Evolution and Ecology of Macaque Societies. Cambridge University Press, Cambridge, pp. 20–42. 

Strimmer, K., von Haeseler, A., 1996. Quartet puzzling: a maximum likelihood method for reconstructing tree 
topologies. Mol. Biol. Evol. 13, 964–969. 

Swofford, D.L., 1999. PAUP: Phylogenetic analysis using parsimony Version v4.0b2. Illinois Natural History 
Survey, Champaign, IL. 

Tamura, K., Nei, M., 1993. Estimation of the number of nuclear substitutions in the control region of 
mitochondrial DNA in humans and chimpanzees. J. Mol. Evol. 10, 512–526. 

Tenaza, R.R., 1975. Territory and monogamy among Kloss gibbons (Hylobates klossii) in Siberut Island, 
Indonesia. Folia Primatol. 24, 60–80. 

Thompson, J.D., Higgins, D.G., Gibson, T.J., 1994. Clustal W: Improving the sensitivity of progressive multiple 
sequence alignment through sequence weighting, position-specific gap penalties and weight matrix 
choice. Nucleic Acid Res. 22, 4673–4680. 

Tosi, A.J., Morales, J.C., Melnick, D.J., 2000. Comparison of Y Chromosome and mtDNA phylogenies leads to 
unique inferences of macaque evolutionary history. Mol. Phylogenet. Evol. 17 (2), 133–144. 

Watanabe K. Some observations of Mentawai pigtail macaques, Report of Overseas Scientific Survey in 1976–
1978, pp. 86–92.  

Whitten, A.J., Whitten, J.E.J., 1982. Preliminary observations of the Mentawai macaque on Siberut Island, 
Indonesia. Int. J. Primatol. 3 (4), 445–459. 

Wilson, C.C., Wilson, W.L., 1977. Behavioral and morphological variation among primate populations in 
Sumatra. Yearbook Phys. Anthropol. (20), 207–233. 

 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


