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Numerous field reports of hybrid monkeys and documented cases of per-
sistent hybrid zones suggest that natural hybridization is common among
African cercopithecines. Both theoretical considerations and a review of
cases lead us to conclude that parapatric hybridization among closely related
allotaxa is a widespread, usually natural process whose incidence may be
modified by human influence. Sympatric hybridization, between species eco-
logically distinct enough to have overlapping ranges, is rarer, and in monkeys
tends to occur in settings where natural or anthropogenic habitat edges restrict
migration and hence access to unrelated conspecific mates. Although sym-
patric hybridization occurs in the absence of human disturbance, and may
even have been a creative force in cercopithecine evolution, anthropogenic
habitat fragmentation may increase its incidence. Hybridization with a more
abundant form may increase the level of threat faced by a species whose num-
bers and range have been severely restricted, either naturally or artificially.

KEY WORDS: natural hybridization; natural hybrids; Papio; Cercopithecus; primate
conservation.

INTRODUCTION

Hybridization, in the context of evolutionary theory, is defined as the
interbreeding of members of genetically differentiated populations (Barton
and Hewitt, 1985; Rhymer and Simberloff, 1996). Cercopithecine monkeys
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comprise a relatively recent adaptive radiation, and many taxa retain the
ability to interbreed (Jolly, 2001). As in many extant taxa, 2 modes of nat-
ural hybridization can be distinguished. The more frequent parapatric hy-
bridization (sensu Woodruff, 1973) involves natural hybridization at inter-
faces between differentiated, parapatric populations assigned to the same,
or very closely related, species (allotaxa; Grubb, 1999). It typically occurs
at an ecotone, or at the headwaters of a river basin (Colyn and Deleporte,
2002; Groves, 1993), and often generates a narrow hybrid zone that can be
relatively stable through time. In most cases, the patchwork distribution of
allotaxa that are physically distinct but not reproductively isolated can be
attributed to a history of repeated contractions and expansions of geograph-
ical range, with subpopulations becoming isolated, differentiating, and then
meeting again and secondarily hybridizing at their margins (Hewitt, 2001).
A second, rarer, mode of natural hybridization occurs between ecologically
distinct species with broadly overlapping ranges: sympatric hybridization
(sensu Woodruff, 1973). In monkeys it is usually sporadic and ephemeral,
and often occurs under unusual environmental circumstances.

Writers of the New Synthesis era tended to regard hybridization, es-
pecially between entities regarded as good species, as counter-adaptive,
ephemeral, and of evolutionary importance mainly as a context in which
interspecific reproductive barriers were reinforced. Recently however,
biological, especially zoological, thinking has shifted towards an attitude
that has always been more prevalent among botanists, namely, that natural
hybridization probably has played a significant role as a creative evolution-
ary force (Arnold, 1997; Barton, 2001; Dowling and Secor, 1997). Viable
and fertile hybrid progeny that mate among themselves and backcross with
one or both parental taxa may serve as conduits for gene exchange among
existing lineages, and may even lead to the formation of new, recombinant
taxa (Barton, 2001; Grant and Grant, 1998). The development of molecu-
lar markers has greatly increased our awareness of hybridization by docu-
menting cryptic introgression in many plant and animal taxa that show little
morphological evidence of such a history. Stray foreign alleles may be the
only evidence of the spread of one species at the expense of another, with
minimal hybridization (Arntzen and Wallis, 1991); leakage of neutral alle-
les from one sympatric species to another may document hybridization that
is not apparent in characters constrained by selection (Clarke et al., 1998).
In many cases, mitochondrial or sex-chromosomal markers document sex-
specific introgression (Goodman et al., 1999; Lehman et al., 1991) that may
be extensive enough to produce complete fixation of a foreign marker in an
otherwise unremarkable population of the host species (Tosi et al., 2002).
The notion that hybridization can give rise to new species has long been
accepted by botanists (Rieseberg, 1997), but apparent cases in biparental
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vertebrates are also documented (Salzburger et al., 2002). In light of such
cases, conservationists increasingly recognize that taxa resulting from intro-
gression and hybridization can be considered natural products of evolution
(Dowling and Secor, 1997; Arnold, 1997; Grant and Grant, 1992) and, when
setting conservation policy, should be valued as highly as populations that
are (supposedly) genetically pure (Allendorf et al., 2001; Federal Register,
1996).

Conversely, the preservation of hybrids and hybrid zones may in some
circumstances conflict with the primary conservation goal of ensuring the
survival of endangered taxa. Hybridization can result in loss of a distinc-
tive but rare and local taxon by genetic swamping from a more abundant
neighbor, and the dismantling of co-adapted gene complexes, leading to
outbreeding depression (Allendorf et al., 2001; Arnold, 1997; Avise, 1994;
Rhymer and Simberloff, 1996). Hybridization can threaten the existence of
a rare taxon, even if its genome survives piecemeal, dispersed among its
hybrid offspring. It has long been recognized that anthropogenic factors,
such as local and regional habitat modification, can increase the incidence
of hybridization (Rhymer and Simberloff, 1996). A distinction is thus drawn
by some conservationists between natural hybridization, which can be toler-
ated or even preserved, and anthropogenic hybridization, which is regarded
as undesirable and something to be eliminated if possible. The task then is
to determine whether a particular case of hybridization is natural or anthro-
pogenic (Allendorf et al., 2001), which can be problematic.

The need to determine the implications of hybridization for the con-
servation of African cercopithecines is made all the more urgent by the
rapid, anthropogenic habitat modification currently occurring in Africa. To
address this question, we review reported cases of hybridization in African
cercopithecines and then examine the potential causal factors and evolu-
tionary consequences of their hybridization. An understanding of the likely
factors that contribute to hybridization, and its possible outcomes, provides
a baseline for exploring the relevance of hybridization to the conservation
of African monkeys.

CASE STUDIES

Table I is a list of all records of hybridization among wild African cer-
copithecines known to us from the literature, personal observation, or per-
sonal communication with the observer. In all cases, hybrid individuals were
identified by external phenotype, usually pelage, on the assumption that an
individual with a phenotype intermediate between those of sympatric or
parapatric taxa, occurring in the zone where they meet or overlap, is likely
to be a hybrid. Following current hybrid zone theorists, we define an animal
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of mixed ancestry as a hybrid, regardless of the conventional taxonomic sta-
tus of the parental populations. This usage recognizes that the specific level
is necessarily an arbitrarily privileged (and not always consistently defined)
point on a continuum of probabilities of interpopulational gene-flow (zy-
gostructure) and physical distinctiveness (phenostructure) (Jolly, 1993). In
Table I, for ease of reference, we follow a recent review of the taxonomy of
the group (Grubb et al., 2003).

Hybridization among African cercopithecines occurs across a wide
spectrum of conventionally recognized taxonomic levels (Table I). It is rel-
atively common among differentiated, parapatric populations assigned to
the same, or closely related, species, and in many of these cases persistent
hybrid zones have formed in the contact areas. By contrast, hybridization
is less common between sympatric, ecologically differentiated species, and
where it occurs, sympatric hybridization apparently rarely leads to the for-
mation of a persistent hybrid zone. We found only one example of long-
term, extensive hybridization between sympatric species: the guenon hybrid
zone at Gombe National Park, Tanzania. Hybridization in the wild between
species allocated to different genera, if it occurs at all, is even rarer, but
Dunbar and Dunbar (1974) reported 3 suspected hybrids between Therop-
ithecus gelada and Papio anubis among a gelada group in the Bole Valley,
Ethiopia.

The data in Table I have gaps and deficiencies. Field sightings and mu-
seum collections of hybrids are not always reported or are briefly mentioned
in papers dedicated to other topics. Descriptions of hybrids are often vague
and lack detailed information regarding the location, date, and ecological
context of the hybrid sighting or collection. The most completely docu-
mented cases concern baboons (Papio) and guenons (Cercopithecus), and
we review some of them in more detail as model cases from which to dis-
cuss the causes, evolutionary consequences, and conservation implications
of hybridization among African cercopithecines.

Parapatric Hybridization in Baboons

Common baboons (Papio spp.) consist of phenotypically distinct,
nonoverlapping, parapatric populations, or allotaxa (sensu Grubb, 1999).
Hybrid zones recorded in the literature are all in eastern Africa (Table I;
Fig. 1), though anecdotal and unpublished evidence suggest that hybridiza-
tion occurs wherever baboon allotaxa meet in the wild. Wherever detailed
surveys of the border have been made, anubis x yellow (Coe, 1985; Maples
and McKern, 1967; Samuels and Altmann, 1986) or anubis × hamadryas
(Mori and Belay, 1990; Nagel, 1973; Zinner et al., 2004) hybrids have been
found.
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Fig. 1. An example of parapatric hybridization. Distributions of Papio hamadryas, P. anubis,
P. cynocephalus in East Africa (Jolly and Burrell, in prep; Napier, 1981; Zinner et al., 2003),
showing areas where researchers have detected hybrid individuals (Table I).

From one border area—around the Awash National Park in
Ethiopia—we have the most information about the dynamics of hybridiza-
tion between 2 closely related primate allotaxa. The site is at the apex of a
salient gallery forest along the Awash River that juts out into the thorn-
scrub and semidesert environment inhabited by hamadryas baboons. At
the tip of the salient, groups made of anubis in the east are replaced in a
clinal fashion by a series of groups composed of individuals with increas-
ingly hamadryas-like phenotypes. The sharply defined intertaxonal border,
and narrow hybrid zone suggests that it is the result of secondary contact,
rather than selection in situ for specific environments. The zone’s existence
has been documented for nearly 50 years, but its actual age is unknown.

Nagel (1973) has argued that the location of the hybrid zone is the
result of behavioral adaptations in hamadryas baboons for exploiting dry
thornscrub and semidesert environments. The hybrid zone is associated
with 2 ecological phenomena: it lies within a steep ecological gradient
between moister, midaltitude savanna and drier, lowland thornscrub, and
occurs close to the location where the Awash River flows into a narrow
gorge that severely constricts the gallery forest. Anubis baboons, which
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generally forage as coherent groups, make extensive use of the larger food-
patches afforded by gallery forest trees, and may be less able to compete
with hamadryas baboons in drier areas where resources are distributed in
smaller, highly dispersed clumps. Ecological factors may determine the gen-
eral area of contact between hamadryas and anubis baboons, but the exact
position, size, and structure of the hybrid zone are more likely determined
by complex interactions between climate, geography, and the behavioral
ecology of the 2 forms (Phillips-Conroy and Jolly, 1986).

Hybridization is dependent, of course, upon the ability of het-
erospecifics to meet and to recognize each other as potential mates. Data
from the Awash hybrid zone suggest that contact between male and female
heterospecifics occurs in several different contexts, including the abduc-
tion of female anubis baboons by male hamadryas and their incorporation
into hamadryas groups (Nagel, 1973); the fusion of anubis and hamadryas
groups (Beyene, 1998; Newman, 1997), and, most importantly, the disper-
sal of anubis and hamadryas males into neighboring hybrid or heterospecific
groups (Newman, 1997; Phillips-Conroy et al., 1991; Woolley-Barker, 1999).
Almost all baboons in the zone are hybrids of one degree or another.

The structure of the Awash hybrid zone and its location in an area of
low ecological productivity and population density, suggest that it may be a
tension zone (Barton and Hewitt, 1985), an area of hybridization confined
in width by the conflicting effects of immigration from neighboring parental
populations and selection against hybrids. It is not obvious, however, that
hybrids in Awash are relatively unfit in the zone itself. There is no evidence
for assortative mating (Phillips-Conroy et al., 1991) or of lowered fertility or
survivorship among hybrids (Bergman, 2000). If gene-flow out of the hybrid
zone is restricted by intrinsic factors, the cause is likely to be difficulties
experienced by hybrids in dispersing into, and breeding in, social groups of
the parental species bordering the zone.

Hybridization has resulted in limited gene flow that extends well be-
yond the zone inhabited by obvious hybrids. Individuals showing some sub-
tle phenotypic evidence of hybridization occur at least ≥40 km away from
the center of the hybrid zone (Phillips-Conroy and Jolly, 1986). Genetic sur-
veys of the area have shown different levels of introgression among several
genetic systems. Mitochondrial haplotypes form a very steep cline across
the hybrid zone (Newman, 1997). Nuclear genes form a series of less-steep
clines across the hybrid zone, though some heterospecific microsatellite
and allozyme alleles occur well outside the apparent hybrid zone (Shotake,
1982; Woolley-Barker, 1999).

Documented hybrid zones occur along the extensive contact between
anubis (Papio anubis) and yellow baboons (P. cynocephalus) running
from western Tanzania through to central Kenya (Fig. 1). As at Awash,
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hybridization is presumably the result of secondary contact between pop-
ulations that differentiated in isolation some time during the Pleistocene.
Hybrids were first reported near Simba Springs (Maples and McKern,
1967), and have since been documented at several other localities (Jolly and
Burrell, in prep.). Yellow baboons with wavy rather than straight pelage—
“ibean yellow baboons”—occur from northern Tanzania to Somalia, having
perhaps acquired this trait by ancient gene flow from an anubis or anubis-
like population.

Alberts and Altmann (2001) document recent changes in the hybrid
zone, in and around Amboseli NP. The number of hybrid individuals in
their study population has increased substantially over the past 2 decades,
perhaps because intensification of cultivation on Kilimanjaro has displaced
resident anubis baboons into yellow baboon range. Thus, while yellow-
anubis hybridization in general is presumably natural, its occurrence in
Amboseli may be at least in part anthropogenic.

Sympatric Hybridization in Guenons

Nineteen of the 23 guenon species (Cercopithecini) are members of
the genus Cercopithecus (Butynski, 2002), of which all but one are rain
forest specialists. Current taxonomy has Cercopithecus spp. into 9 species-
groups (Butynski, 2002). Members of different species-groups often have
broadly overlapping distributions, while those of the same species-group
behave as allotaxa, with geographically distinct, non-overlapping, parap-
atric or allopatric distributions. In the one known exception, Cercopithecus
mona overlaps with other members of the mona species-group: C. pogo-
nias in Cameroon, and C. campbelli in a small area in Ghana (Oates, 1988).
As with baboons, natural, parapatric hybridization occurs between many
guenon allotaxa where their ranges meet (Table I). The genus also includes
a few documented cases of sympatric hybridization between members of
different species-groups. These cases suggest the circumstances that give
rise to this rare but potentially important phenomenon.

Guenons are well known (Gautier-Hion, 1988) for forming frequent
and persistent mixed-species associations, within which the species (almost
always members of different species-groups) are easily distinguished by
color and pattern of the face and body pelage, and male vocalizations.
These distinctive features have been suggested to function in mate recogni-
tion, and thus to act as prezygotic isolating mechanisms defending the gene
pool of each species (Gautier, 1988; Kingdon, 1980, 1988; Struhsaker, 1970).
However, aside from theoretical questions about the validity of the concept
of prezygotic isolating mechanisms (Paterson, 1985), it is clear that there
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are rare circumstances under which prezygotic barriers can be overcome
(Table I).

Sympatric hybridization among biparental vertebrates, including pri-
mates (Bernstein, 1966; Struhsaker et al., 1988), canids (Lehman et al., 1991)
and birds (Randler, 2002) often occurs in the context of local scarcity of
conspecific mates for one or both species. This can occur in a variety of situ-
ations, including on the edge of a species’ range, in a fragmented habitat, or
where a species is relatively rare because of interspecific competition, poor
habitat quality, a recent disease episode, or predation.

In guenons, males are the dispersing sex, and solitary males, or small
all-male groups, are a natural component of populations (Cords, 2000). In
an isolated, low density or peripheral population, an emigrant male will
find few conspecific mates, and might therefore try to mate with any het-
erospecific females with which he shared enough of his mate recognition
system. Likewise, females may seek, or at least tolerate, copulations with
heterospecifics when few or no conspecific mates are available. As the fol-
lowing cases illustrate, such conditions can often be identified at sites where
sympatric hybridization is occurring between guenon species that rarely or
never interbreed elsewhere in their extensively overlapping distributions.

Cercopithecus cephus × C. nictitans: Lopé Reserve, Gabon

A recent study of guenons in the Lopé Reserve, Gabon (Tutin, 1999)
exemplifies interspecific hybridization between sympatric guenons in a nat-
urally fragmented habitat. In the northern part of the reserve, continuous
rain forest gives way to a savanna zone with many natural forest fragments,
including narrow riverine strips, forest corridors and small isolates com-
pletely surrounded by grassland (Tutin et al., 1997). Cercopithecus nictitans
and C. cephus co-occur in the continuous rain forest, and both are also per-
manent residents of some forest fragments as small as 5 ha (Tutin, 1999).
No interspecific mating or obvious hybrid individuals have been reported
from the main forest block. Both cross-specific mating and hybrid offspring
occur in the forest fragments.

In one case (Tutin, 1999) a 9-ha forest block, isolated from the main
forest by 100–200 m of grassland, was originally inhabited by one-male
groups of ca. 13 Cercopithecus cephus and ca. 10 Cercopithecus nictitans.
When the group of Cercopithecus nictitans vacated the fragment, a subadult
male remained behind as a fully integrated member of the group of C. ce-
phus. On ≥11 occasions, ≥3 different female Cercopithecus cephus (2 adults
and 1 adolescent) presented to and copulated with him. Other adult or
adolescent male Cercopithecus nictitans visited the fragment for short pe-
riods, but rarely approached, and never interacted with, members of the



672 Detwiler, Burrell, and Jolly

resident group C. cephus. Tutin (1999) suggested that such visitors may
have been using the forest fragment to avoid encounters with conspecifics,
before returning to the main forest and attempting to join or to form a mat-
ing group. No male Cercopithecus cephus visited the fragment.

No hybrid offspring was apparent, perhaps because the male Cerco-
pithecus nictitans was immature (Tutin, pers. com.). However, in a second
forest fragment, a phenotypically intermediate, presumably hybrid, individ-
ual was in a group of Cercopithecus cephus, suggesting that it resulted from
a mating between a male C. nictitans and a female C. cephus (Tutin, 1999;
pers. com.). These observations imply that mating between Cercopithecus
cephus and C. nictitans is generally avoided by both sexes of both species,
but becomes an option when prospects for conspecific mating are limited
(Tutin, 1999).

Such mating may carry a fitness penalty in the form of infertility of
male offspring. A 4-ha, naturally forested enclosure at the CIRMF Pri-
mate Research Center in Gabon originally housed males and females of
both Cercopithecus cephus and C. nictitans. Four (1 male, 3 female) hybrids
currently (mid-2003) survive. At least one F1 female hybrid produced vi-
able offspring, but no female hybrid has given birth since the loss of the
adult male Cercopithecus nictitans, suggesting that the remaining male hy-
brid may be sterile (J. Wickings, pers. com.).

Cercopithecus mitis × C. ascanius: Kibale and Budongo Forests, Uganda

Most reported cases of sympatric hybridization in guenons involve Cer-
copithecus mitis and C. ascanius in East Africa (Table I; Fig. 2). Despite the
multiple reports, hybridization between these species at most sites is rare
and sporadic, with phenotypically recognizable hybrids disappearing within
a generation or 2 (Aldrich-Blake, 1968, 1970; Detwiler, 2002; Struhsaker
et al., 1988). Two case studies provide clues to local conditions favoring spo-
radic hybridization.

In the Budongo Forest Reserve, Uganda, Aldrich-Blake (1968, 1970)
observed a female hybrid and her infant living in a group of Cercopithe-
cus mitis. He suggested that the mother was the F1 offspring of a cross
between a female Cercopithecus mitis and a male C. ascanius, and that
the infant resulted from a back-cross to a male C. mitis. Population den-
sities of the 2 species were high, stable, and approximately equal in this
part of the forest (C. ascanius 71.4 ind/km2; C. mitis 86.9 ind/km2; Suzuki,
1979; Plumptre and Reynolds, 1994). However, local features (open grass-
lands and a road) might have restricted contact between the affected group
of Cercopithecus mitis and its neighbors, limiting conspecific mating op-
portunities for resident females, while co-resident male C. ascanius pro-
vided a source of potential heterospecific mates. Continued research on
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Fig. 2. An example of sympatric hybridization. Distributions of Cercopithecus mitis and C. as-
canius in East Africa (Kingdon, 1971; Napier, 1981; Rahm, 1970), showing areas where re-
searchers have detected hybrid individuals (Table I).

populations of Cercopithecus mitis and C. ascanius (Fairgrieve and
Muhumuza, 2003; Plumptre, 2000; Sheppard, 2000; Tweheyo and Obua,
2001) has documented no further hybridization in Budongo.

In Kibale National Park, Uganda, Struhsaker and colleagues (1988)
observed 2 female and 1 male, presumably F1, mitis-ascanius hybrids, and
their offspring, over several years at the Ngogo study area. When first ob-
served, all F1s were subadults and lived in different social groups of Cercop-
ithecus ascanius, suggesting that they resulted from the cross between male
C. mitis and female C. ascanius. The male hybrid successfully emigrated
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from his natal group into a neighboring group of Cercopithecus ascanius
and mated with adult female C. ascanius, but no hybrid offspring appeared.
By contrast, both females bred successfully and reared viable infants to ma-
turity in their respective, natal, social groups of Cercopithecus ascanius. All
4 offspring of one female were Cercopithecus ascanius-like and presumably
fathered by male C. ascanius. The other female’s 3 offspring were all mitis-
like and presumably fathered by an immigrant Cercopithecus mitis, who
mated exclusively with her over his 6-yr residence.

The population of Cercopithecus mitis were 10–20 times less dense than
C. ascanius in the Ngogo study area (Struhsaker et al., 1988), and included a
high proportion of solitary males (Butynski, 1990). The one resident group
of Cercopithecus mitis experienced short male tenures and several cases
of infanticide at turnover, suggesting intense male-male competition for
conspecific mating opportunities, which perhaps made heterospecific mat-
ing a more attractive option (Struhsaker et al., 1988). Nevertheless, as at
Budongo, hybridization apparently died out at Ngogo (Detwiler, 2002; T.
Windfelder, pers. com.), though Cercopithecus mitis continued to be rare
there and elsewhere in the central-southern region of Kibale (Chapman and
Chapman, 2000).

Cercopithecus mitis × C. wolfi: Nyungwe Forest National Park, Rwanda

B. A. Kaplin (pers. com.) observed hybrids between Cercopithecus mi-
tis doggetti and C. wolfi denti in the Nyungwe Forest, a montane forest
ranging in elevation between ca. 1600 m and 3000 m. Cercopithecus m.
doggetti is a montane form of the mitis-nictitans species-group, and is one of
the most common primate species in the Nyungwe Forest (Plumptre et al.,
2002). Cercopithecus wolfi denti is a Congo basin representative of the mona
species-group, with a range extending marginally into Uganda and Rwanda
(Kaplin, 1998 and pers. com.; Kingdon, 1971; Rahm, 1970). At Nyungwe, it
occurs in low density (Plumptre et al., 2002) and at lower elevations (Kaplin
pers. com.). From 1990–1992, at ca. 2500 m elevation, Kaplin and colleagues
frequently observed a group of Cercopithecus m. doggetti that included an
adult C. w. denti and an immature monkey identified as a hybrid between
them. They observed a second mitis-wolfi hybrid in a different group of Cer-
copithecus m. doggetti at ca. 1700 m elevation.

Kaplin’s observations document an example of sympatric hybridiza-
tion at the very edge of a species’ range. The population of Cercopithecus
w. denti at Nyungwe is marginal, both geographically and in terms of eleva-
tion. A male emigrating from its natal group is likely to find few conspecific
groups to enter, and thus may attempt to join a breeding group of the more
abundant species, Cercopithecus m. doggetti. Kaplin’s observations support
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this explanation, because both hybrid individuals, presumably F1s, lived in
social groups of Cercopithecus m. doggetti suggesting that they were the re-
sult of cross-mating between resident female C. m. doggetti and immigrant
male C. w. denti.

Cercopithecus mitis × C. ascanius: Gombe National Park, Tanzania

Unlike the cases described, hybridization between Cercopithecus mi-
tis and C. ascanius in Gombe National Park is much more frequent and
persistent. Hybrids have been reported, and have probably been continu-
ously present, for >30 yr. In 1969–70, Clutton-Brock (1972) noted ≥1 phe-
notypic hybrid in the majority of groups of C. ascanius visiting his study
area, but none in groups of C. mitis. Cercopithecus ascanius were 6 times
more common than C. mitis there (Clutton-Brock, 1972). These observa-
tions suggest that the initial heterospecific matings occurred in groups of
Cercopithecus ascanius between resident females and immigrant male C.
mitis. However, the wide variety of hybrid phenotypes, suggests that the
initial hybridization occurred well before 1969, and by that time hybrids
had themselves crossed successfully with both parental species, and possibly
with other hybrids. Twenty years later (1991–95), Stanford (1998) observed
hybrids in nearly every group of Cercopithecus ascanius that he encoun-
tered in an area that overlapped with Clutton-Brock’s study site, and where
population densities of C. mitis and C. ascanius were ca. 8 and 34 ind/km2,
respectively.

In 1996, Detwiler (2002) found both parental species and hybrids in all
valleys in the northern two-thirds of the park. At least 44 hybrids of various
age-sex classes and phenotypes (intermediate, mitis-like, and ascanius-like),
occurred in apparently unmixed groups of Cercopithecus ascanius and C.
mitis, in mixed-species groups, and in groups with predominantly hybrid
membership. Of 10 complete copulations, only 5 were between conspecifics;
one was between heterospecifics, and the other 4 involved ≥1 hybrid. The
presence of female hybrids with suckling infants directly documented their
fertility.

Gombe clearly differs from the other sites of sympatric hybridization in
guenons in that hybrids comprise a large and perennial part of the breeding
population. A high rate of primary hybridization might have arisen initially
from the unusual topography of Gombe, which accentuates the edge effects
and fragmentation associated with hybridization at other sites. At Gombe,
steep slopes restrict much of the guenon habitat to narrow, blind-ended
valleys separated by open grassland. Because guenon social groups in this
environment have few conspecific neighbors, stochastic factors alone will
frequently generate the local sex-ratio biases and shortages of conspecific
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mates that, as at other sites, are conducive to primary hybridization and
production of F1s (Detwiler, 2002). The abundance and visible mating suc-
cess of hybrids at Gombe suggests a further, intriguing possibility: that be-
havioral inhibitions to mating with individuals of atypical or heterospecific
phenotype may have weakened, as the behavior, and perhaps even the
gene-pools, of the guenons have evolved in response to the high fre-
quency of primary hybridization and to the prevalence of hybrid individuals
as available mates (Detwiler, 2002). The forest guenons of Gombe cur-
rently occupy an ecological island surrounded by cultivation (Pintea et al.,
2002), which will presumably tend to enhance the homogenization of the
Gombe guenons and their divergence from other Cercopithecus mitis and
C. ascanius, by preventing immigration from nonhybridizing populations
(Detwiler, 2002). The unusually high levels of primary hybridization that
may have set this feedback cycle occurred while Gombe was still part of
a widespread forest-mosaic ecosystem with little obvious anthropogenic
modification.

DISCUSSION

Any discussion of the conservation implications of hybridization in
African monkeys, especially forest species, must be set against the back-
drop of the current ecological disaster. Whatever the hazard posed by hy-
bridization, it is minimal compared to the current threat of logging, hunting,
and the displacement of primate habitats by hostile, anthropogenic environ-
ments (Oates, 1996, 1999). For many species, habitats that are clearly modi-
fied by human activities and populations that may be considered genetically
suboptimal may be all that is left to conserve. It would be perverse in the ex-
treme to withhold conservation effort from a relatively flourishing primate
population with good prospects for survival, on the grounds that its ances-
try might be mixed, and its present gene-pool influenced by anthropogenic
hybridization. In fact, if scientific interest is weighed along with the usual
concerns of conservation, then ecosystems containing hybrids, whether of
natural or anthropogenic origin, would merit high priority as natural labo-
ratories of speciation.

Hybridization is Both Natural and Anthropogenic

Hybridization between marginal populations of physically distinct
allotaxa, exemplified by the baboons, is widespread among primates, as
in other taxa (Table I). The baboons and savanna monkeys of the vervet-
grivet group also exemplify the somewhat ambiguous taxonomic status
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of many of the hybridizing allotaxa. According to an author’s concept of
a species, they might be classified as subspecies (or other divisions of a
species), as semispecies of a superspecies, or as full species. Grubb et al.
(2003) concluded that all members of the vervet-grivet group should be
allocated to a single species (Cercopithecus aethiops), while Papio baboons,
which have very comparable phenostructure and zygostructure (sensu
Jolly, 1993) comprise 5 full species. Such cases emphasize the natural
continuity between infra- and interspecific variation, 2003), and hence
the fallacy of making the nominal specific level a critical foundation of
conservation policy.

The range expansions and contractions that generate allotaxa have
been frequent, rapid, and extensive, especially in the past 2 million years,
driven by climatic cycles related to the alternation of glacial and inter-
glacial conditions (Hewitt, 1996, 2001). Therefore, it is clear that parap-
atric hybridization as a phenomenon (like the extinction of some allotaxa)
would have occurred frequently in African cercopithecines, even in the ab-
sence of human activity. In baboons, as in macaques (Tosi et al., 2003) ge-
netic evidence is beginning to document a complex history of introgression
and gene-pool fusion among allotaxa that long antedates the introduction
of domesticated species and extensive anthropogenic modification of the
habitat.

To recognize that parapatric hybridization is a common and natu-
ral phenomenon is not to minimize the fact that recent human activities
have undoubtedly influenced its occurrence. An example is the hybridiza-
tion (Dandelot, 1959) between 2 savanna guenon allotaxa, Cercopithecus
aethiops pygerythrus and C. aethiops tantalus, west of Lake Victoria, in
Uganda. Once separated by a block of rain forest, they now meet in the
anthropogenic farming bush of this densely populated area (Chapman and
Chapman, 1996; Kingdon, 1971).

Contrary to received wisdom, we suspect that humans have eliminated
at least as many zones of parapatric hybridization as they have created.
Theory (Barton and Hewitt, 1985; Barton, 2001) predicts that if hybrids
are at some intrinsic disadvantage compared to the parental forms, a hy-
brid zone will tend to locate and stabilize in an ecologically unfavorable
area of low population density, and hybrid zones between ecologically dif-
ferent forms will tend to settle near an ecotone. Other things being equal,
such populations will be more vulnerable to extinction by humans than the
core parental populations, and once gone they leave no overt sign of their
existence, beyond, perhaps, some scattered, foreign genetic markers in the
parental populations. By contrast, a human-made parapatric hybrid zone
is easily recognized by a hybrid swarm of phenotypic intermediates in the
anthropogenically modified habitat.
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In many cases, the role of human activities in the formation of a non-
human primate hybrid zone is impossible to disentangle from the effects
of natural climatic and vegetational fluctuations. For instance, in recent
decades the dynamics of the Awash National Park anubis-hamadryas hy-
brid zone have been affected not only by short-term climatic fluctuation
(Phillips-Conroy and Jolly, 1986) but also by destruction of neighboring
riverine forest for irrigated agriculture. In previous millennia there was not
only a succession of Holocene climatic fluctuations but also the introduction
of subsistence horticulture to the Awash valley, its replacement by tran-
shumant pastoralism, and then the establishment of a relatively depopu-
lated buffer zone between warring pastoralist peoples, which eventually be-
came the Awash National Park. Each development undoubtedly influenced
baboon-human interactions and the dynamics of the anubis-hamadryas con-
tact zone. But these comparatively long-term trends themselves represent
only the latest chapter in baboon-hominin coexistence that extends back for
≥4 million years, long antedating the appearance of the extant species.

In any case, if the intent is to duplicate the natural condition as far as
possible, parapatric hybridization may represent a situation to be restored
rather than prevented. The genetic effects of parapatric hybridization are,
by definition, most pronounced at the allotaxon border itself, and become
exponentially less influential as one proceeds away from it. In allotaxa with
wide distributions, the proportion of individuals who actually have the op-
portunity to hybridize, and therefore may be selected to avoid it, is minis-
cule. In theory, however, parapatric hybridization allows advantageous al-
leles to flow from one population to the other, while filtering out foreign
genes disadvantageous to the recipient population (Barton, 2001). By elim-
inating this contact, anthropogenic range reduction and fragmentation may
reduce the efficiency of hybridization as a disseminator of advantageous
variation across a cluster of allotaxa.

Many of the same considerations apply to sympatric hybridization.
Sporadic hybridization between related, sympatric species is associated with
situations in which animals are faced with a scarcity of conspecific mates,
but potential heterospecific mates are present. In cercopithecine monkeys,
a mate shortage is most likely to occur at a habitat edge, where opportu-
nities for a male to migrate into a group of unrelated conspecifics are lim-
ited. Many such edges will occur at the altitudinal or geographical limit of
species’ ranges (as at Nyungwe), and where the habitat is physically frag-
mented (as at Lopé), but others may be caused by purely local barriers to
dispersal (as at Budongo), or by slight habitat transitions within continu-
ous ecosystems. It seems obvious that edges, on a regional and local scale,
have always occurred in any region of diverse topography or mosaic habitat
patches, whether or not the habitat has been anthropogenically modified.
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Sporadic occurrences of sympatric hybridization are therefore probably as
old as the species themselves, and as in the case of parapatric hybridization,
provide a channel by which intraspecific genetic diversity is supplemented
with already-tested genetic material (Jolly et al., 1997).

Situations such as we hypothesize at Gombe represent an extreme
case of sympatric hybridization where the frequency of hybrids may
have reached a critical threshold, such that selection has begun to favor
relaxation of barriers to hybridization, and, given time, a new stabilized hy-
brid species might emerge. Though necessarily much rarer, there seems no
reason to doubt that Gombe-like situations must also have occurred in the
absence of human influence, as forest isolates expanded and contracted,
driven by Pleistocene climatic change. Almost by definition, they are con-
fined to small, isolated enclaves.

Thus, sympatric hybridization, like parapatric hybridization, can and
almost certainly did occur without human intervention. However, anthro-
pogenic modification of the habitat of a species can artificially increase its
incidence. If a specific range is reduced and fragmented, the proportion of
edge to middle becomes greater, and the chances of sympatric hybridization
correspondingly increased. Even so, only in rare cases of extreme habitat
fragmentation (where fragments are <3 territories wide) will a substantial
proportion of social groups be situated actually on an edge, and thus be
under direct pressure to hybridize. Like the populations of the main for-
est block at Lopé, most of them will continue to be surrounded by enough
conspecific groups that hybridization offers no advantage.

Finally, there may be some specific, usually anthropogenic, situations
wherein hybridization could well be associated with a threat to the global
survival of a species, and intervention might be justified to prevent it.
For example, if habitat destruction or persecution has reduced the range
of a species to a few, very small habitat patches, shared with a more
widespread species with which it also shares a mate recognition system,
genetic swamping by the more numerous population would be a risk. For
instance, Kingdon (1997) suggested that hybridization with the widespread
and adaptable grivet, Cercopithecus aethiops aethiops, is a real threat facing
the endangered Bale monkey, Cercopithecus djamdjamensis. Other exam-
ples might be guenon species now confined to very small forest patches in
farming areas of Nigeria, such as Cercopithecus sclateri (Baker and Tooze,
2003; Oates et al., 1992; Tooze, 1995). However, even here the root cause of
the crisis is the population and habitat reduction of the rare species, not its
ability to hybridize per se.

Hybridization, of both modes, is intrinsically neither good or bad, and,
at least in the African context, the anthropogenic component in its causa-
tion is hard to isolate. It is best treated as one of many natural evolutionary
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processes that have played an important role in shaping the biodiversity that
conservation aims to protect, and will continue to do so as long as a variety
of population structures and zones of contact and overlap are allowed to
exist. As so often in conservation, direct intervention to manipulate a wild
population, in this case by preventing or promoting hybridization in a par-
ticular local situation, must be regarded as a strategy of last resort, that in
no way substitutes for enforcement of existing protective legislation or for
effective, large-scale, planned conservation efforts. If implemented, region-
wide conservation plans such as the proposal for the Guinean-Congolian
Forest and Freshwater Region (WWF, 2003), would preserve a setting in
which hybridization would continue to occur, and its role as a natural evo-
lutionary process be available for further study.
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