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Speciation in Living
Hominoid Primates

COLIN P. GROVES

Introduction

The most widely discussed review of models of speciation in animals (White,
1978) lists seven possible modes:

Gradual divergence of two large populations after their geographic isola-
tion ’

The founder principle

De facto differentiation of two races following extinction of the geo-
graphic intermediates

Local steepening of a cline

Selection against hybridization of strongly differentiated local races (area
effects) ‘

Stasipatric speciation: spread of chromosomal rearrangements aided by
high levels of inbreeding

Sympatric speciation, in the strict sense, by assortative mating

Discussion of these models by Groves (1989) and examination of the mam-
malian evidence suggested that strictly allopatric (1~3) and parapatric (4-3)
models do not necessarily explain observed patterns better than modes 6 and 7.
A common pattern, in which-modes 6 and 7 would work very well, is the modi-
fied centrifugal speciation pattern of Brown (1957).

It seems worthwhile to examine the applicability of these modes in the
Hominoidea. Of the two families to be recognized in a cladistic schema (Groves,
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1986, 1989}, the Hylobatidae offer more evidence than do the Hominidae, but as
we shall see a certain amount of inference is possible with regard to the Homi-
nidae also.

Speciation in the Hylobatidae

The Hylobatidae have been assigned to a single genus, Hylobates, since the
revision of Groves (1972). Of the four subgenera, the distribution of one (Sym-
phalangus) is entirely contained within that of one of the others (nominotypical
Hylobatesy; the other three are allopatric to each other.

‘The initial divisions within the Hylobatidae are deep. perhaps unexpectedly
so: PPED (plasma protein electrophoretic distance) units between the subgenera
Nomascus, Symphalangus, and Hylobates average 1.7 + 0.1, which is comparable to
divisions within the Hominidae and implies a radiation beginning 4-5 million
vears ago (Cronin et al., 1984). Work in progress by S. Easteal and the author will
test the amount of differentiation on nuclear and mitochondrial DNA se-
quences; it may have implications for genus-level taxonomy. By contrast, PPED
units within the /. (H.) lar group are of the order of 0.3—0.4, implying separa-
tion times under half a million years. It is interesting that in Chivers (1977)
model of speciation in the genus, although the initial diversification phase is set
much too late according to the PPED criteria (Chivers puts it about 800,000
B.P). the radiations of the {ur group are placed, according to sea-level recon-
structions, at about the right time period. Indeed, in that the members of the lar
group are even now rather incompletely separated, a very late diversification is
strongly implied.

Two of the four subgenera of Hylobates have sufficient diversity at the
species/subspecies level to be of interest to the present discussion: Nomascus and
Hylobates. Although species boundaries within these two subgenera appear to be
superficially similar to each other, in being parapatric or at most interdigitating,
the species-maintaining mechanisms seem on closer examination to be rather
different.

Nomascus

Groves (1972) classitied all taxa of this subgenus into a single species, H. (N)
concolor, but anticipated its possible dismemberment at some tuture date when
relationships became better known. The described taxa. whether species or sub-
species, are mapped in Fig.1. Since then, Dao (1983) and Ma and Wang (1986)
have both proposed to separate H. leucogenys as a full species on the grounds of
its marginal sympatry with H. concolor sensu stricio in Vietnam and Yunnan,
respectively. Ma and Wang (1986) also supported their argument with reference
to morphological findings, especially the shape of the baculum, which is a simple
rod in H. concolor, but more complex in shape (probably more derived) in .

leucogenys. Groves and Wang (1990) have proposed, in addition, that a southern
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Fig. 1. Distribution of species and subspecies of the subgroup Nomascus.

species, H. gabriellae, is also distinguishable, appealing again to the morphology
of the baculum, which is simple and resembles that of H. concolor. Boundary-
zone data for H. gabriellae and H. leucogenys are lacking, but the two subspecies of
the latter, . g. gabriellae and H. g. siki, are known to interbreed where their
ranges meet (Groves, 1972), though at what frequency is unknown. .
‘Couturier and Lernould (1991) have examined karyotypes of four taxa in
this taxonomically now rather complex subgenus: listing them north to south,
they are H. concolor ?hainanus, H. lewcogenys, H. g. sthi, and H. g. gabriellae (tax-
c:owd« after Groves and Wang, 1990). Compared to H. leucogenys, whose ka-
ryotype has been well studied, H. g. siki differs by a reciprocal translocation
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(1:22); H. g. gabriellar has the same translocation as stkr, as well as a pericentric

mversion of chromosome 7; and #. leucogenys X H. concolor ?hainanus hybrids are
rmmmwcxwmcﬁ for inversion 7 251.1:@ that it is present in rcaoﬁmcrm state in
the latter) and lack the 1:22 translocation. This oddly mosaic @m:nw: may imply
homoplasy; alternatively, there have been considerable distributional nrm\z:mw in
the past to explain the sharing of an inversion between the :oZrmEBGW (H
concolor) and southernmost (H. g. gabriellae) taxa and its absence in the two Ecwm.
centrallv distributed taxa.

The subspecies H. ¢. lu is cut off from its conspecifices by a bloc of f/,
leucogenys territory (Fig. 1); this may provide some support for the distributional
reshutlling hypothesis; if, as I suspect, most or all of the character states of H
leucogenys are derived, then a centrifugal mechanism would explain it best.
Again, the bacular similarity between H. gabriellae and H. concolor may imply past
geographic musical chairs, but this similarity too seems likely to be mulmim?m
(given the simpler form of the baculum and its resemblance to that in other
m.cvmm:msv, so the same centrifugal mechanism mav suffice. The most par-
simonious model would seem to be that: «

1. A widespread ancestral species resembled H. concolor in being all black in
the male and juvenile, and with a black venter in the mmc:,mmam:m, and
possessing the small baculum and pericentric inversion 7

2. The southern populations of this species (proto-H. gabriellae) developed
light-colored cheeks in the male and-juvenile, and lost the ventral black-
ening of the adult female

3. The mcﬂwmn: part (proto-siki/leucogenys) of this southern form lost peri-
centric inversion 7

4. The northern part (proto-leucogenys) of this latter form developed a new

style of cheek whiskers and a highly derived bacular morphology, and

this morphology began to spread at the expense of preexisting ones

5. The remainder (proto-gabriellae/siki) of the southern populations ho-
mogenized for reciprocal translocation 1;22: this and the bacular dit-
ference prevented introgression by leucogenys. Prabably the striking facial
differences of the males and ventral vm:mw: differences of the m::;g
acted as specific mate-recognition systems protecting H. concolor from
leucogenys introgression, and the bacular difference acted as a de facto
reinforcement.

In this model speciation does not follow cladistic lines. Groves (1989) has
argued that, indeed, there is no reason why it should.

It is interesting, in conclusion, that the translocation, whose possession dif-
wwwm::m:wm H. gabriellae from H. leucogenys, may reinforce (or enforce) reproduc-
tive isolation, while the pericentric inversion does not {since it differentiates the
two m.cvv.vnnmmm of H. gabriellae, known 1o intergrade in the wild). This, in turn
requires that isolation between H. leucogenys and H. concolor, separated ns«c.,
mosomally only by the inversion, must depend on some other factor; above 1
have suggested simple color pattern.

Field work—if sufficient forest survives in Vietnam and Laos—may of
course reveal that the picture is quite different from that suggested by the

COLIN P. GROVES

museum data. Recall that to Groves (1972) the picture in the H. lar complex
appeared quite different from the way we now know it to be.

Hylobates

The H. lar group is a very tight-knit one, with a mosaic distribution of
characters, involving mainly color polymorphism and the pattern of face and
extremities; their distribution forms a complex of crosscutting north~south and
east—west axes. The distributions of the putative species tend to be defined by
rivers (Fig. 2), with different levels of interbreeding where their ranges meet
across the headwaters. Although deciding how many species there are in this
complex has some purely practical importance, one can only agree with Creel
and Preuschoft (1984), who stated that “of much greater importance . . . is the
opportunity afforded by the lesser apes to study the process of systematic differ-
entiation, including speciation, among primates.” They are. in reality, semi-
species, of which some may have technically (on reproductive criteria) passed the
point at which we could award them species status, and others have not.

At the headwaters of the Takhong River in the Khao Yai National Park,
Thailand, two members of the group, H. lar and H. pileatus, meet and occasion-
ally hybridize. Brockelman and Srikosamatara (1984) and Brockelman and Git-
tins (1984) have described the picture. More than 210 gibbon groups have been
mapped in the area, though only 61 have been observed well, and just 18 of
these appear to contain hybrids, although second-generation hybrids are not
always recognizable. Among them are four “trios,” groups of one male with two
females of different genotypes, the junior female never having a dependent
infant; at the time it appeared that such groups are unique to the hybrid zone,
but subsequent fleldwork (Srikosamatara and Brockelman, 1987) has found
such a group in pure H. pileatus in Khao Soi Dao, though the high frequency of
trios in the hybrid zone remains a matter of significance.

In the Khao Yai overlap zone, pure H. lar can be found 4 km into the pileatus
side of the zone, and pure H. pileatus go 5 km into the lar side; hybrids go
further—9-12 km into the ler side and 6 km into the pileatus side (though the
former is better studied). The change of the morphological index from 90% lar
to 90% pileatus occurs over about 9 km (Brockelman and Gittins, 1984).

Hylobates lar comes into contact with another species of the group, H. agilis,
at Ulu Mudah, on the shores of an artificial lake in a logged forest in northern
peninsular Malaysia (Gittins, 1984; Brockelman and Gittins, 1984). In general,
H. lar occurs on the south side of the lake and H. agilis on the north, but there
are two mixed groups, one on either side (interestingly it is the male, in each
case, that has strayed onto the wrong side), as well as a group that may be mixed
or may be an agilis group on the wrong side.

Marshall et al. (1984) and Marshall and Sugardjito (1986) briefly describe a
hybrid and backcross zone between what they term H. muelleri and H. agilis
albibarbis (two taxa that are ditficult to differentiate by pelage characters but easy
to distinguish vocally) at the headwaters of the Barito River, Kalimantan; they
characterize the hybrid population as “sparse,” in contrast to denser populations
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Fig. 2. Distribution of semuspecies of the lar group, showing river barriers.

of ﬁrm Ucﬁm.*o:zm on either side. This zone has not yet been fully described, but
additional 5?::35: 18 given by Bodmer ¢t al. (1991). The hybrid zone is
between E@ :<Q,m.m:mmdm (to the west) and Murung (to the east), ‘CEUQ, feeder
m:mwzwmw; the Barito; it covers several thousand square kilometers, with a densi-
ty of 2.9 groups per square kilor ‘hich i i i { -
groups p ] neter, which indeed is not high. West of the
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Busang, towards the Joloi River, more hybrids occur; these are more albibarbis-
like i the southern parts and more muelleri-like in the north. This doubtless
explains Marshall and co-worker’s (1984) mention of vocalizations typical of H.
muelleri heard west of the hybrid zone amid the “dense, pure population of H.
agilis.” A brief personal communication from R. J. Mather {August, 1990) con-
tirms that the hybrid zone in this case is quite unbroken, with no “pure forms” to
be found within 1t.

Of these three hyvbrid zones, two (the lar/pileatus and lar/agilis zones) would
appear to produce low frequencies of hybrids only, leaving the parental forms in
the majority, though the evidence in the second case is extremely poor due to
past disturbance and disruption. On the other hand, the albibarbis/mueller:
hvbrid zone goes much further: only hybrids are encountered within it. The
question to be asked is, why should this bez What factors kzep them apart in the
first and (presumably) second cases, but not in the third?

Members of the H. lar group differ from one another essentially only in two
parameters: pelage and vocalization.

Pelage

Hylobates lar has white hands and feet and a full white face ring; either sex
(in the Thai subspecies) may be either black or buffy in general body color. H.
pileatus also has white feet, but the face ring is reduced essentially to a brow
band: there is a whitish crown ring, surrounding a black patch, and the crown
hair is more flattened and flares out sideways. In H. pileatus the mature male is
predominantly black; the female is buffy with a black ventral surface.

In H. agilis the polymorphism resembles that of Thai H. lar, i.e., nonsexually

fwl
dichromatic, but in Malay H. lar there 1s a wide spectrum of color variation,
centered on a medium-brown tone. H. agilis lacks the white hands and feet ot H.
lar, and the face ring is reduced to a brow band with whitish cheek whiskers in
the male but not usually in the female (Groves, 1984; Marshall et al., 1984).

Between H. muelleri and H. (ct. agilis) albibarbis there is no such clear-cut
color ditferentiation: Both tend to a gray-brown tone (in the Barite region, F.
muellert is the grayer of the two), with a darker crown and ventral region.

To arrive at some idea of how pelage color might act in mate recognition,
the data of Fooden (1969) were reexamined for evidence of assortative mating.
Fooden listed the color phase composition of gibbon pairs observed by him and
Carpenter (1940), noting that there seemed to be positive assortative mating,
Le., dark X dark and pale x pale pairings predominated over dark X pale. He
performed no statistical tests. however, so to test his claim I calculated chi? on
the basis of his tables. From Fooden's own data (5d X d, 10 p X p, 1 d X p), we
getchi2 = 12.12 at 1 df, p < 0.001; from the data of Carpenter (1940)—11d x d,
5pXp.3dxp 2pXxd—wegetchi® =4.95at 1df, p <0.05 In both cases,
therefore, the claim of positive assortative mating is substantiated: in H. lor
entelloides and Il . carpentert, like tends to mate with like, and this differentiates
both these subspecies of H. lar trom H. pileatus, in which (there being sexual
dichromatism) the pair are always unlike in color.

Turning to the data of Brockelman and Srikosamatara (1984), we find that
matings within mixed groups are as follows (irrespective of species or hybrid






