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ABSTRACT Body weight and length, chest girth, and
seven postcranial limb segment lengths are compared be-
tween two guenon species, Chlorocebus (Cercopithecus)
aethiops (vervets) and Cercopithecus mitis (blue monkeys),
exhibiting different habitual locomotor preferences. The
subjects, all adults, were wild caught for a non-related
research project (Turner et al. [1986] Genetic and morpho-
logical studies on two species of Kenyan monkeys, C. ae-
thiops and C. mitis. In: Else JG, Lee PC, editors. Primate
evolution, proceedings of the Xth International Congress
of Primatology, Cambridge. London). The morphological
results are interpreted within the context of previously
published observations of primate locomotion and social
organization. The sample is unique in that the body
weight of each individual is known, allowing the effects of
body-size scaling to be assessed in interspecific and inter-
sexual comparisons. C. mitis has a significantly (P � 0.05)
greater body weight and trunk length than C. aethiops. A
shorter trunk may function to reduce spinal flexibility for
ground-running in the latter. Proximal limb segments
(arm and thigh) are significantly greater in C. mitis, re-
flecting known adaptations to committed arboreal quadru-

pedal locomotion. By contrast, relative distal limb seg-
ments (forearm, crus, and foot) are significantly longer in
C. aethiops, concordant with a locomotor repertoire that
includes substantial terrestrial quadrupedalism, in addi-
tion to arboreal agility, and also the requisite transition
between ground and canopy. Although normally associ-
ated with arboreal monkeys, greater relative tail length
occurs in the more terrestrial vervets. However, because
vervets exploit both arboreal and terrestrial habitats, a
longer tail may compensate for diminished balance during
arboreal quadrupedalism resulting from the greater “bra-
chial” and “crural” indices that enhance their ground qua-
drupedalism. Most interspecific differences in body pro-
portions are explicable by differences in locomotor
modalities. Some results, however, contradict commonly
held “tenets” that relate body size and morphology exclu-
sively to locomotion. Generally associated with terrestri-
ality, sexual dimorphism (male/female) is greater in the
more arboreal blue monkeys. A more intense, seasonal
mating competition may account for this incongruity. Am
J Phys Anthropol 127:231–239, 2005.
© 2004 Wiley-Liss, Inc.

Primate postcranial morphology is inextricably
linked to locomotion, although not to the exclusion of
the influences of substrate habitation and social or-
ganization. The extent to which a contributing be-
havioral variable affects even the most fundamental
morphological characteristics, e.g., relative limb pro-
portions and sexual size dimorphism, remains un-
clear, even when morphological interpretation fo-
cuses on a specific locomotor preference. This is
because limb proportions reflect both the effects of
scale due to body size and preferred locomotor mo-
dality (e.g., Fleagle, 1985; Jungers, 1985, 1988).
Limb proportions are determined by both locomotor
morphology and sexual size dimorphism (Clutton-
Brock and Harvey, 1977). Both are influenced by
how narrow or broad a species’ habitat might be,
e.g., strictly arboreal or terrestrial, by contrast to
dividing its time and/or behavioral activities (e.g.,
feeding, traveling, or resting) between canopy and
ground. Social organization, and its effect on sexual
size dimorphism (e.g., Kay et al., 1988; Plavcan et
al., 1995; Plavcan and van Schaik, 1997), can also

hinder the interpretation of size and limb propor-
tions within the context of locomotion.

For better or worse, when considered individually,
behavioral variables each tend to be associated with
a widely held generalization about primate morphol-
ogy. For example, arboreal quadrupedal monkeys
generally have shorter distal fore- and hindlimb seg-
ments, and longer tails, by contrast to their terres-
trial relatives (Hildebrand, 1974; Rodman, 1979;
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Rollinson and Martin, 1981; Fleagle, 1999; Gebo and
Sargis, 1994). Sexual size dimorphism is thought to
be greater in terrestrial than in arboreal species
(Clutton-Brock and Harvey, 1977) due to ecological
agents, e.g., energetic limitations (Jorde and Spu-
hler, 1974). Larger male-body size:female-body size
ratios also are predicted for species in which males
are highly competitive for females (Kay et al., 1988).

In this investigation of body and postcranial size,
we compare relative body size and lengths of limb
segments between two quadrupedal guenon species
that occupy somewhat different substrates: the
semiterrestrial Chlorocebus aethiops and the more
committed arborealist, Cercopithecus mitis (King-
don, 1974; Rose, 1979; Gebo and Sargis, 1994; Gebo
and Chapman, 1995). Our objectives are to 1) iden-
tify interspecific differences and sexual dimorphism
in body segment lengths, and 2) interpret differ-
ences with respect to habitual substrate occupation
and social behavior. Because the body weights of the
individuals (all wild-caught) used in this study are
known, the effects of body-size scaling on compari-
sons can be controlled.

MATERIALS AND METHODS

The sample for this study consists of 109 vervets
(Chlorocebus aethiops pygerythrus) and 69 blue
monkeys (25 Cercopithecus mitis albotorquatus and
54 C. m. kolbi). The vervets were trapped at three
sites in south and central Kenya (Fig. 1), and repre-
sent 21 troops at locations separated by 80–300 km.
These sites differ in altitude, temperature, and

mean annual rainfall, resulting in significant inter-
site size differences for adult females but not adult
males (Turner et al., 1997).1 The blue monkeys were
from two separate Kenyan sites (Fig. 1): C. m. al-
botorquatus from the island of Lamu at sea level off
the southeast (Indian Ocean) coast, and C. m. kolbi
from central Kenya. All animals were living and had
been sedated for a previously published genetic
study (Turner et al., 1986).

For each individual, body weight was recorded to
the nearest 0.01 kg. The following linear variables
were measured with cloth tape and reported to the
nearest 0.01 cm (Fig. 2): body length (B), external
occipital protuberance to base of tail; chest girth (G),
circumference of widest part of the chest under the

1Intersite differences in female body weight and segment measure-
ments for vervets are published in Turner et al. (1997). In that paper,
we concluded that the body weights of the monkeys studied at Na-
ivasha were inflated due to their having better access to human foods.
Consequently, the data from the Naivasha monkeys are not included
in the current study. Similar intersite differences may also occur in
blue monkeys. A potential effect on the current study is that, in
females, standard deviations may be slightly greater than site-specific
values. The bearing on the results presented here is the possible
absence of significant (P � 0.05), yet biological, between-sex differ-
ences in the standardized segment measurements for a few of the
variables. Accordingly, our interpretations in Results, Discussion, and
Conclusions focus on interspecific and not intersexual comparisons,
and are largely unaffected by the latter. Furthermore, since the pri-
mary focus of this study is to relate interspecific differences in limb
segment lengths to interspecific differences in locomotor behavior,
none of the latter having been field-collected for this study, pooling
data from all sites seems more appropriate.

Fig. 1. Approximate geographical location of sites from which data used in this study were collected (adapted from Turner et al.,
1986).
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forelimb (Schultz, 1929) during shallow breathing;
arm length (A), tip of the acromion process to tip of
the olecranon process with elbow fully extended;
forearm length (F), tip of the olecranon process to
flexion crease at the carpus; hand length (H), flexion
crease at the carpus to tip of the middle manual
digit; thigh length (T), highest point of the greater
trochanter to midpoint of the disto-lateral margin of
the lateral condyle of the femur; crus length (C),
midpoint of the disto-lateral margin of the lateral
condyle of the femur to tip of the heel in dorsiflexion;
foot length (Ft), tip of the heel to tip of the longest
pedal digit; and tail length (Tl), base to tip of the tail.
Measurements of vervets were made under supervi-
sion of T.R.T. Measurements of all blue monkeys
were made by C.S.M., after extensive training by
T.R.T.

Each body and limb segment was normalized by
dividing its length by the cube root of body weight
(Sneath and Sokal, 1973). This approach eliminates
most of the variance due simply to body size differ-
ences while preserving size-related shape informa-
tion, and is statistically equivalent to Mosimann’s
approach using logged ratios (Mosimann, 1970;
Jungers, 1988; Falsetti et al., 1993; Jungers et al.,
1995).

For comparison with previous studies, several in-
dices ordinarily determined from direct bone mea-
surements and commonly used in the comparative
analysis of locomotor modalities were calculated
from the measured variables before normalization to
body size: “intermembral” index, 100 � (arm � fore-
arm)/(thigh � crus); “humerofemoral” index, 100 �
arm/thigh; “brachial” index, 100 � forearm/arm;
“crural” index, 100 � crus/thigh; and tail-length:
body-length ratio. Because these indices were com-
puted from measurements of limb segments rather
than bones, comparisons with previously published
indices based on measurements of bones were ac-
complished by restricting the language to rank order
of dyads, e.g., “relatively larger (smaller).”

Thus, the normalized variables are compared to
an a priori size prediction with males and females
treated separately, thereby largely eliminating the
bias present in empirically derived equations
(Smith, 1984). Means of normalized variables and
indices were tested for significant differences be-
tween sexes and between species using Student’s
t-test (Sokal and Rohlf, 1981).

To facilitate interpretation of some results, the
overall relationship between sexual size dimor-
phism and body size was assessed by subjecting
previously published (Fleagle, 1999, citing others)
mean male and female body weights of 163 primate
species, including 50 cercopithecine species, to sta-
tistics of association (Pearson’s moment correlation
and linear regression) (Sokal and Rohlf, 1981). Male
body weight/female body weight was regressed on
(and correlated with) female body weight following
Smith (1999, after Lovich and Gibbons, 1992). All
computations and statistical analyses were accom-
plished using the Statistical Analysis System (SAS
Institute, Cary, NC) on the IBM mainframe com-
puter (UWM-3270) at the University of Wisconsin-
Milwaukee.

RESULTS

Means and standard deviations of raw and calcu-
lated (indices) variables are presented in Table 1,
separated by species and sex.

Significant (P � 0.05) differences between size-
adjusted means are indicated in Table 2 for compar-
isons between sexes for each species, and between
species for females (only), males (only), and both
sexes pooled.

Cercopithecus mitis is significantly larger (either
sex, P � 0.05) and more sexually dimorphic (mean
male:mean female ratio, �1.87) than Chlorocebus
aethiops (�1.54), with sexual size dimorphism (SSD)
significant (P � 0.05) within both species (Table 1).
No size-adjusted sexual dimorphism occurs in either
species for body length, chest girth, forearm length,
thigh length, tail length, forelimb (upper arm plus
forearm) length, or humerofemoral, crural, or tail:
body length indices (Table 2). In vervets, relative
hand length, crus length, and hindlimb length are
greater in males, while the intermembral index is
greater in females. In blue monkeys, males have
relatively longer arms, while females have relatively
longer feet and a greater brachial index.

Interspecific differences are significant (P � 0.05)
for females, males, and both sexes pooled, and are
entirely lacking only for chest girth and forelimb
length (Table 2). In addition to body weight, blue
monkeys are relatively larger than vervets in body
length, arm length, thigh length, hindlimb length
(not males), and humerofemoral index (males only).
Vervets are relatively larger than blue monkeys in
forearm length, hand length (males only), crus
length (not females), foot length, tail length, and
intermembral (females only), brachial, crural, and
tail:body length indices. Because total hindlimb

Fig. 2. Labels indicate endpoints of measurements taken on
subjects with limb and tail joints fully extended. B, body length;
G, chest girth; A, arm length; F, forearm length; H, hand length;
T, thigh length; C, crus length; Ft, foot length; Tl, tail length. See
Materials and Methods for description of endpoints.
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length (thigh plus crus) is significantly greater in C.
mitis, both in females and with both sexes pooled,
the “intermembral” index is below 100 for both spe-
cies, although significantly different (P � 0.05) only
for females.

Results from computations on previously pub-
lished (Fleagle, 1999, citing others) body weights
(male/female regressed on and correlated with male
and female body weights separately) are shown in
Table 3. For context, results are shown for the entire
sample, and separately for hominoid (excluding hu-
mans), cercopithecine, colobine, cebid, and callithri-
cid primates. Of all groups, cercopithecines have the
highest SSD at 1.62, with male and female body
weights hightly correlated (P � 0.0001). In cerco-
pithecines, SSD is significantly correlated with both
female and male body weight. The slopes for both
regressions are near isometry (0.02). Female body

weight accounts for 0.11 (r2) of the variation, while
male body weight accounts for 0.29 (r2) of the vari-
ation.

DISCUSSION

The interspecific differences in relative body size
and limb proportions presented here demonstrate
contrasting morphological adaptations to differ-
ences in locomotor preferences. Ironically, both spe-
cies exhibit similar relative percentages of quadru-
pedalism, leaping, and climbing (Rose, 1979; Gebo
and Chapman, 1995). Nevertheless, interspecific dif-
ferences in relative limb segment lengths and re-
lated indices associate consistently and predictably
to contrast committed arboreal quadrupedalism, as
practiced by Cercopithecus mitis, and a similar loco-
motor repertoire that also includes substantial ter-
restrial quadrupedalism, in addition to arboreal
agility, as was documented for Chlorocebus aethiops
(Rose, 1979; Gebo and Chapman, 1995; McGraw,
1996). By contrast, differences in male:female body
weight ratios reported here for blue monkeys and
vervets contradict a commonly held perception that
terrestrial primates are more sexually dimorphic
than arboreal primates (see Clutton-Brock and Har-
vey, 1977). This may be more clearly understood
with consideration of interspecific differences in so-
cial organization (see below).

Comparative locomotor morphology

Most of the published literature on comparative
body proportions and their association with docu-
mented studies of wild animal locomotion consists of
measurements of disarticulated bones from museum
specimens. All measurements in this study, how-
ever, were taken directly from anesthetized living
animals and likely provide somewhat different, yet
proportionally accurate, values than those taken di-
rectly on bones. Therefore, to facilitate placement of
the current results within the context of prior work,
comparisons are interpreted in terms of published

TABLE 1. Means (� standard deviation) of raw variables and calculated indices

Chlorocebus aethiops Cercopithecus mitis

Females Males Females Males

n Mean (S.D.) n Mean (S.D.) n Mean (S.D.) n Mean (S.D.)

Body weight (kg) 61 2.74 (0.38) 48 4.21 (0.58) 34 4.25 (1.01) 33 7.93 (1.90)
Body length (cm) 61 35.78 (2.46) 48 41.04 (2.84) 33 42.98 (3.78) 34 51.84 (5.90)
Chest girth (cm) 54 28.35 (1.82) 44 32.80 (2.34) 35 32.80 (4.08) 34 40.86 (4.96)
Arm length (cm) 61 12.34 (1.15) 48 14.32 (1.05) 35 15.35 (1.20) 34 19.72 (2.09)
Forearm length (cm) 61 12.62 (0.64) 48 14.70 (1.09) 35 13.47 (1.60) 34 16.31 (1.53)
Hand length (cm) 61 7.99 (0.70) 47 9.50 (0.60) 35 9.27 (1.06) 33 11.15 (1.29)
Thigh length (cm) 61 13.70 (0.86) 48 16.18 (0.99) 35 17.18 (1.80) 34 21.15 (1.87)
Crus length (cm) 61 13.83 (0.87) 48 16.42 (0.91) 35 15.65 (1.27) 34 19.47 (1.70)
Foot length (cm) 60 12.06 (0.63) 48 14.03 (0.83) 35 13.49 (1.14) 34 15.95 (1.69)
Tail length (cm) 61 54.86 (4.03) 47 64.56 (4.81) 30 54.68 (7.10) 33 68.24 (1.29)
Forelimb length (cm) 61 24.97 (1.55) 48 29.02 (1.92) 35 28.82 (2.25) 34 36.03 (3.12)
Hindlimb length (cm) 61 27.53 (1.54) 48 32.60 (1.74) 35 32.83 (2.69) 34 40.62 (3.36)
“Intermembral” index 61 91 (4) 48 89 (4) 35 88 (7) 34 89 (8)
“Humerofemoral” index 61 90 (6) 48 89 (6) 35 90 (9) 34 94 (10)
“Brachial” index 61 103 (8) 48 103 (7) 35 89 (10) 34 83 (9)
“Crural” index 61 101 (6) 48 102 (5) 35 92 (8) 34 92 (5)
Tail: body length ratio 61 1.5 (0.2) 47 1.6 (0.2) 28 1.3 (0.1) 33 1.3 (0.1)

TABLE 2. Table of significant (p � 0.05) intersexual and
interspecific differences between means of measured variables

(size-adjusted) and calculated indices1

Intersexual Interspecific

V M � � � � �

Body weight � � M M M
Body length M M M
Chest girth
Arm length � M M M
Forearm length V V V
Hand length � V
Thigh length M M M
Crus length � V V
Foot length � V V V
Tail length V V V
Forelimb length
Hindlimb length � M M
“Intermembral” index � V
“Humerofemoral” index M
“Brachial” index � V V V
“Crural” index V V V
Tail: body length V V V

1 Symbols appear when differences are significant and indicate
which group had larger mean value V, vervets; M, mitis; �,
females; �, males.
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comparative dyads (Table 4), i.e., relative results
from vervets and blue monkeys are compared to
relative results from Trachypithecus obscura and
Presbytis melalophos (Fleagle, 1977), Macaca fas-
cicularis and M. nemestrina (Rodman, 1979), Chiro-
potes satanas and Pithecia pithecia (Fleagle and
Meldrum, 1988), and Chlorocebus aethiops, Cerco-
pithecus mitis, and Erythrocebus patas (Gebo and
Sargis, 1994), all of which are from measurements of
disarticulated bones.

Body size. That vervets spend a considerable
amount of time on the ground is well-documented
(Kingdon, 1974; Rose, 1979; Gebo and Chapman,
1995). Vervets are relatively small, both for their
brain size (Manaster, 1979), and among other gen-
erally ground-dwelling cercopithecines, e.g., ba-
boons. Nevertheless, it is somewhat surprising that
their body weight is so much less than that of C.
mitis. However, because they are smaller relative to

the substrate then mitis, vervets may be able to
progress along large boughs in a manner more sim-
ilar to that by which they walk and run on the
ground, i.e., using more terrestrial-like adaptations
while retaining substrate versatility (Manaster,
1979). A comparable phenomenon was suggested by
Jenkins (1974) for tree shrews.

Body length. Among catarrhine primates, skel-
etal trunk length scales negatively allometric with
body weight (Majoral et al., 1997). Thus, C. mitis,
having a body weight almost twice that of vervets,
would expectedly have a considerably shorter rel-
ative trunk length. The results presented here,
however, show that relative trunk length is signif-
icantly (P � 0.05) shorter in vervets than in blue
monkeys.

Comparing vervets with patas monkeys, Hurov
(1987) described differences in locomotor anatomy
and terrestrial locomotion that can be incorporated

TABLE 3. Results from correlation and regression analyses on body weight data compiled in Fleagle (1999)1

n r: M vs. F Mean: SSD

All 164 0.96 (0.0001) 1.32 (0.35)
Hominoidea2 18 0.95 (0.0001) 1.40 (0.53)
Cercopithecinae 50 0.96 (0.0001) 1.62 (0.24)
Colobinae 28 0.86 (0.0001) 1.24 (0.25)
Cebidae 42 0.96 (0.0001) 1.17 (0.20)
Callithrichidae 26 0.95 (0.0001) 0.99 (0.08)

M/F regressed on F r Slope Int r2

All 164 0.43 (0.0001) 0.01 (0.00) 1.23 (0.03) 0.18
Hominoidea2 18 0.71 (0.00) 0.01 (0.00) 1.01 (0.13) 0.51
Cercopithecinae 50 0.32 (0.02) 0.02 (0.01) 1.48 (0.07) 0.11
Colobinae 28 0.47 (0.01) 0.06 (0.02) 0.76 (0.18) 0.23
Cebidae 42 0.17 (0.29) 0.01 (0.01) 1.13 (0.05) 0.03
Callithrichidae 26 0.23 (0.26) 0.17 (0.15) 0.91 (0.07) 0.05
M/F regressed on M
All 164 0.52 (0.0001) 0.01 (0.00) 1.23 (0.03) 0.27
Hominoidea1 18 0.87 (0.00) 0.01 (0.00) 1.01 (0.09) 0.75
Cercopithecinae 50 0.53 (0.0001) 0.02 (0.00) 1.43 (0.05) 0.29
Colobinae 28 0.85 (0.0001) 0.06 (0.01) 0.70 (0.07) 0.72
Cebidae 42 0.39 (0.01) 0.02 (0.01) 1.08 (0.04) 0.15
Callithrichidae 26 0.50 (0.01) 0.35 (0.12) 0.84 (0.05) 0.25

1r, Pearson’s product-moment correlation coefficient (probability that r � 0); M, males; F, females; SSD, sexual size dimorphism; Int,
y-intercept (standard error); r2, coefficient of variation; standard error for slope also is shown. 2 Excluding humans.

TABLE 4. Some comparative results from previous studies (discussed in text)1

Species

Fleagle, 1977 Rodman, 1979
Fleagle and Meldrum,

1988 Gebo and Sargis, 1994

Trachypithecus
obscura

Presbytis
melalophos

Macaca
fasciularis

Macaca
nemestrina

Chiropotes
satanas

Pithecia
pithecia

Chlorocebus
aethiops

Cercopithecus
mitis

Erythrocebus
patas

Habitat Arboreal Arboreal, with
leaping and
forelimb
suspension

Arboreal Semiterrestrial Arboreal Arboreal, with
leaping and
clinging

Terrestrial Arboreal Terrestrial

Weight (kg), F/M2 6.3/7.9 6.5/6.6 3.6/5.4 6.5/11.2 2.6/2.9 1.6/1.9 3.0/4.3 4.3/7.9 5.8/10.6
Indices

Intermembral 85 78 93 94 83 76 83 80 93
Brachial 98 114 98 100 86 92 97 96 106
Crural 893 923 95 93 87 92 93 97 97
Humerofemoral 92 90 82 76 81 80 91

Tail Long Short
Foot length (cm) 15.4 16.3

1 Preferred mode of locomotion indicated by author(s) is indicated, with additional significant locomotor components noted in some
cases. 2 From Fleagle, 1999. 3 Calculated from Strasser, 1992.
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into a trajectory that includes the current compari-
son of blue monkeys and vervets. Vervets have
greater flexibility in their spine than do the more
terrestrial patas monkeys, attributable to thicker
intervertebral discs (Hurov, 1987), but likely less
flexibility than blue monkeys.

Body length seems better correlated than body
weight to the degree of terrestriality practiced by a
species. Vertebral column function in ground-run-
ning primates is described as more closely resem-
bling that of the dorsistable ungulate cursors than of
the dorsimobile carnivores (Gambarayan, 1974;
Vangor, 1979; Hurov, 1987). Clearly, terrestrial Old
World monkeys do not run like nonprimates, since,
having been derived from early arboreal precursors,
as are all primates, they need to retain prehensile
function in their anterior cheir (Larson, 1998). How-
ever, like the ungulates, terrestrial monkeys are “all
arms and legs” while running, and a shortened back
may reduce instability between fore- and hindquar-
ters.

Limb and limb segment indices. Based on pre-
viously published results, McGraw (2002) concluded
that, among guenons, the percentage of a species’
locomotory repertoire occupied by leaping is in-
versely correlated to its intermembral index. In the
current study, intermembral index does not distin-
guish vervets from blue monkeys. This is consistent
with comparable results from measurements taken
on disarticulated bones (Table 4) which did not dis-
tinguish between these same species (Gebo and Sar-
gis, 1994) or between species of another arboreal/
terrestrial quadrupedal dyad, Macaca fascicularis
and M. nemestrina (Rodman, 1979). By contrast to
these latter species, neither of which practices leap-
ing as part of its locomotor repertoire (Rodman,
1979), when an arboreal quadruped that does not
include leaping in its locomotor repertoire is com-
pared to one that does, e.g., Trachypithecus obscura
vs. Presbytis melalophos (Fleagle, 1977) or Chiro-
potes satanas vs. Pithecia pithecia (Fleagle and Mel-
drum, 1988), the “leaper” has a considerably lower
intermembral index. Gebo and Sargis (1994) found
the intermembral index in the terrestrial Erythroce-
bus patas to be similar to what Rodman (1979) re-
ported for both macaque species but considerably
higher than what they found for vervets and blue
monkeys. The results in the current study for
vervets and blue monkeys are only slightly lower
than those reported by Rodman (1979) for ma-
caques.

The humerofemoral index is somewhat greater in
blue monkeys than in vervets. This parallels the
fascicularis/nemestrina dyad in which the arboreal
fascicularis has a slightly higher humerofemoral in-
dex than the semiterrestrial nemestrina (Rodman,
1979). A relatively longer humerus, vis-à-vis the
femur, may be required by an arboreal quadruped to
provide longer attachment sites for shoulder mus-
cles (Anapol and Gray, 2003) and/or better leverage

for ascent and descent in the canopy, and to modu-
late its horizontal attitude during descent.

Terrestrial running and galloping in primates are
also strongly associated with intralimb proportions.
Higher distal segment:proximal segment ratios, i.e.,
brachial and crural indices, are generally found in
the more cursorial terrestrial species (Hildebrand,
1974), and expectedly, both indices are considerably
higher in the more terrestrial C. aethiops than in C.
mitis. Because both species are fundamentally arbo-
real, the interspecific differences in the relative pro-
portions of proximal and distal limb segments likely
reflect an adaptation for the rapid terrestrial qua-
drupedalism of vervets. Having longer distal limb
segments, however, may somewhat compromise bal-
ance for C. aethiops when in the trees (see below).

Although our results for brachial and crural indi-
ces conform to expectations about the differences
between arboreal and semiterrestrial species, expec-
tations based on previous studies of arboreal, semi-
terrestrial, and terrestrial species (e.g., Rodman,
1979; Gebo and Sargis, 1994) exhibit some contra-
dictions (Table 4). For example, the more terrestrial
M. nemestrina has only slightly higher brachial yet
slightly lower crural indices2 than those of the more
arboreal Macaca fascicularis (Rodman, 1979). Gebo
and Sargis (1994) found a significantly higher crural
index in the arboreal C. mitis than in C. aethiops
(which they classified as “terrestrial” rather than
“semiterrestrial”), although no significant difference
occurs in the brachial index. As expected, the bra-
chial index of both vervets and mitis is lower than in
patas monkeys (Gebo and Sargis, 1994). The crural
index, however, of the primarily terrestrial patas
monkey is midway within the 10-point spread cal-
culated in the current study, and separates the
semiterrestrial vervet (larger value) from the arbo-
real mitis. This may imply that the larger crural
index in vervets may be related to the transition
from ground to canopy, thus supporting the concept
of semiterrestriality as a unique locomotor modality,
rather than as a reflection of an “animal’s mode-
shifting” between trees and ground (see Evolution-
ary Implications, below). None of these indices ap-
pear to be correlated to body size, i.e., in some of
these paired comparisons the larger species has ei-
ther higher or lower values for one or another index.
This argues against the notion that index differ-
ences are totally the result of simple size differences
or a uniform pattern of growth allometry.

Other comparable available data (Table 4) include
dyads of langurs (Fleagle, 1977) and pithiciine ce-
bids (Fleagle and Meldrum, 1988). Both of these
studies compared closely related arboreal quadru-
peds, with one of each pair exhibiting a higher pro-
portion of leaping and clinging and/or climbing be-
havior that can be correlated to differences in their

2Rodman (1979) presented both allometrically corrected and raw
indices, the latter of which are included here.
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locomotor morphologies. The brachial (Fleagle,
1977) and crural (calculated from tibia and femur
means published in Strasser, 1992) indices are
greater in Presbytis melalophos than in Trachypithe-
cus obscura. In P. melalophos, suspensory and leap-
ing behaviors are more frequent than in the closely
related arboreal quadruped T. obscura. They are
also higher in Pithecia pithecia, in which more fre-
quent clinging and leaping behavior is found, than
in the closely related arboreal quadruped Chiropotes
satanas (Fleagle and Meldrum, 1988).

Tail length. Relatively longer tails are ordinarily
characteristic of arboreal monkeys (Rollinson and
Martin, 1981). Presumably, in the nonprehensile-
tailed forms, longer tails facilitate balance during
quadrupedalism in the more precarious arboreal
habitat. When normalized to body length, however,
a higher tail length:body length ratio was found in
C. aethiops than in C. mitis. The occurrence of a
relatively longer tail in vervets may compensate for
the effect on stability of their relatively longer distal
limb segments during locomotor progression in the
trees (Rollinson and Martin, 1981) and for transition
between canopy and ground (Anapol and Gray,
2003).

Sexual dimorphism and social behavior

The results of this study show greater (P � 0.05)
body-weight sexual dimorphism in C. mitis than in
C. aethiops, and are consistent with those published
by Plavcan et al. (1995), in which regression resid-
uals for canine crown height regressed on body-
weight sexual dimorphism were slightly greater in
C. mitis (0.492) than in vervets (0.434). These find-
ings challenge the commonly held tenet that sexual
dimorphism and terrestrial locomotion are highly
positively correlated, thus contradicting an expecta-
tion that body-weight dimorphism would be signifi-
cantly larger in the more terrestrial C. aethiops.

Although alternative interpretations of these re-
sults must be considered, one tenable hypothesis
predicts that these interspecific differences in body-
weight sexual dimorphism result from interspecific
differences in social organization (Plavcan et al.,
1995; Plavcan and van Schaik, 1997), rather than
differences in locomotor modality. Vervets live in
relatively stable multimale, multifemale groups; of-
ten one adult male occupies a dominant or “alpha”
role among the males (Fedigan and Fedigan, 1988).
This organization corresponds most closely to the
highest intensity intermale competition, “level 4,”
described by Kay et al. (1988), which would predict
the highest degree of sexual dimorphism. In fact, the
body-weight dimorphism of the current vervet sam-
ple (m/f � 1.54) exceeds that for all level 4 species in
Kay et al. (1988), except for Alouatta caraya (m/f �
1.557), which is negligibly larger.

By contrast, mating in Cercopithecus mitis varies
from a “female defense polygyny” pattern, in which
one male monopolizes several females by aggres-

sively excluding other males, to promiscuous mating
during multimale influxes (Cords, 1988). Body-
weight dimorphism in C. mitis (m/f � 1.87) is
greater than in most Cercopithecus species for which
body weights have been published (Table 3)
(Jungers, 1985; Leigh, 1992; Strasser, 1992; Fleagle,
1999). At least one other highly dimorphic cerco-
pithecine, Cercopithecus diana, which is one of the
more strict arborealists among guenons (Manaster,
1979; McGraw, 1996), also has a mating system that
entails multimale influxes resulting in a breakdown
of the one-male group structure and promiscuous
mating (Cords, 1988, after Curtin, unpublished
data). Although the polygynous model would imply
low sexual dimorphism concomitant with little or no
male competition, the high dimorphism found in
both C. mitis, in this study, and in C. diana could
possibly indicate a level of competition during mul-
timale influx even greater than levels that normally
occur in multimale, multifemale groups.

Evolutionary implications

Because most of the findings in the present study
are consistent with a dichotomy between tree and
ground locomotion, the temptation exists to perceive
“semiterrestrialism” simply as engaging in, or
adapting to, both arboreal and terrestrial activities.
This perception, however, ignores the functional re-
quirements associated with habitual transitions be-
tween trees and ground (Anapol and Barry, 1996;
Anapol and Gray, 2003; Anapol et al., 2004). Broad
categorical designations such as “arboreal,” “terres-
trial,” and “semiterrestrial” may not accurately re-
flect the “totipotentiality” (Prost, 1965) of an ani-
mal’s behavior. True “semiterrestriality,” in fact,
may not be merely sporadic mode shifting between
arboreality and terrestriality, but rather a separate
locomotor category with substantive morphological
requirements in order to accommodate transitions
between the two substrates. Relative percentages of
climbing and/or leaping that may be included in the
locomotor repertoire of ordinarily walking and run-
ning quadrupedal primates may be overlooked in
the morphologies of both arboreal and terrestrial
forms, as may relative proportions of arboreality and
terrestriality in so-called “semiterrestrial” species.
For example, although C. ascanius and C. mitis can
both be classified as “arboreal quadrupeds,” the pro-
pensity for red-tailed monkeys to leap more but
climb less than blue monkeys (Gebo and Chapman,
1995) may account for significant differences be-
tween them, e.g., in intermembral and brachial in-
dices (Gebo and Sargis, 1994). Vervets climb 29.5%
of their locomotor time (Rose, 1979), more (McGraw,
1996) or nearly as much as (Gebo and Chapman,
1995) more arboreal cercopithecines and colobines.
Vervets also leap 9.6% of their locomotor time (Rose,
1979), roughly as much as several more arboreal
cercopithecids (McGraw, 1996). Thus, limb propor-
tions of an arboreal monkey may skew from those of
strictly terrestial monkeys (Rodman, 1979) towards
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those of climbers or leapers. Consequently, inter-
preting the body shape of a “semiterrestrial” monkey
simply as a mosaic of features underlying both ar-
boreality and terrestriality may obscure the impor-
tance of climbing and/or leaping for the transition
between trees and ground.

CONCLUSIONS

1) Semiterrestrial vervets show limb proportions
more usually associated with ground cursoriality
than do blue monkeys. An exception to this con-
vention is the relatively longer tails of vervets,
which may compensate for any loss of balance,
while in the trees, due to significantly greater
brachial and crural indices. Although relative
body length (� skeletal trunk length) is unex-
pectedly higher in the much larger blue monkeys,
selection seems to favor a shorter trunk in
vervets to reduce instability between fore- and
hindquarters during terrestrial running. The
small body size may allow vervets to walk and
run on large boughs in the canopy in a manner
similar to ground locomotion. Similarly, the rel-
atively long tail would compensate, in the trees,
for balance lost from having the relatively long
distal limb segments and short back length re-
quired for rapid terrestriality.

2) Patterns of sexual size dimorphism in blue mon-
keys and vervets do not conform to expected dif-
ferences between strict arborealists and arboreal
species that spend more time in a terrestrial en-
vironment. The effect of differences in locomotor
behavior on sexual size dimorphism may, in fact,
be decoupled by the overriding impact of differ-
ences in social organization.

3) Broad, categorical generalizations about primate
behavioral morphology must be tempered by how
much of one or another locomotor mode is prac-
ticed (or niche is inhabited) relative to others.
This additional input may dramatically affect the
interpretation of results derived from nonspecific
categories such as “semiterrestrial” or “semibra-
chiation” (Mittermeier and Fleagle, 1976). Other
nonhabitual locomotory choices, e.g., leaping
and/or climbing in arboreal and terrestrial quad-
rupeds, substrate transitions (e.g., between
ground and trees), and nonlocomotor-related in-
fluences, such as social organization, must also
be included in the interpretation of skeletal mor-
phology.
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