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ABSTRACT
Meissner corpuscles (MCs) are specialized mechanoreceptors located

exclusively in the papillae of glabrous skin. They are confined largely to
cutaneous pads of the extremities and respond to transient, phasic, or
vibratory stimuli. Though absent in most eutherian taxa, MCs are reported
in all primates studied, being most developed in modern humans. The
location of MCs between the internal ridges of the epidermis indicates they
are well situated to detect friction or deformation at the external surface.
Accordingly, MCs are hypothesized to provide primates generally with an
enhanced tactile perception. However, the selective pressures favoring
greater somatosensory acuity in primates are seldom considered. Interest-
ingly, primate digital dexterity varies greatly. In general, dexterity im-
proves with the extent to which foraging requires food manipulation or
textural evaluation. This observation implies that MC density could vary
accordingly. Here we report on the density of MCs in five anthropoid taxa
selected to represent diverse dietary regimes. Results show that greater MC
density correlates with the extent to which primates are frugivorous; how-
ever, locomotor and/or phylogenetic effects cannot be discounted.
© 2004 Wiley-Liss, Inc.
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Cartmill (1974, 1992) hypothesized that basal primates
were visually directed predators of fauna on slender
branches, a milieu that favored a wide field of stereopsis
and clawless prehensile hands for visually tracking and
grasping prey. The fine-branch niche model for primate
origins has since enjoyed wide acceptance, although com-
peting views have emphasized the importance of foraging
on fruits, nectar, and/or cryptic prey (Rasmussen, 2002).
Recently, reports on the grasping skill of tree shrews and
an extinct plesiadapiform, Carpolestes simpsoni, indicate
that prehension preceded orbital convergence, that is,
fruit-foraging predated fauna capture during primate evo-
lution (Sargis, 2001; Bloch and Boyer, 2002). However, a
clawless opposable hallux is not a uniquely derived char-
acter trait (Kirk et al., 2003). Nevertheless, it is generally
deduced that fruits have long been included in the primate
diet to some extent (Ravosa and Savakova, 2004). In short,
grasping food and small-diameter supports were probably

key factors in the development of primate manual prehen-
sion (Lemelin, 1999).

A distinctive aspect of primate grasping is the degree to
which manual skills vary (Bishop, 1962, 1964). Strepsir-
rhines and tarsiers have a single stereotyped pattern of
manual prehension characterized as whole-handed flex-
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ion. The grip is used during locomotion, feeding, and social
behavior. In platyrrhines, the pattern is similar: digit I
flexes with the other digits in a uniform plane. However,
platyrrhines enjoy some degree of interdigital dexterity;
objects can be held in a scissors grip between two digits or
grasped with a single curling digit. Interestingly, prehen-
sion is not restricted by the presence of claws in Saguinus
(Lemelin and Grafton, 1998) or, notably, the tree kanga-
roo, Dendrolagus matschiei (Iwaniuk et al., 1998). Among
platyrrhines, only Cebus apella and, to a lesser extent,
Cacajao (Bishop, 1964) appear to possess a characteristic
precision grip (Costello and Fragaszy, 1988).

Among cercopithecoids, there are two forms of pre-
hension: a grip between the thumb and some part of the
hand and/or digit II; and a grip involving independent
control of digits I and II. This latter grip is used for
grooming, feeding, and fine manipulations. Bishop
(1964) noted that the precision grip of baboons, ma-
caques, and mangabeys is similar to that of Homo,
which has been described as having “the ultimate re-
finement in prehensility” (Napier, 1962: p. 59). Baboons
may control each digit separately, but thumb-index pre-
hension is best developed in the Hominoidea (Bishop,
1964). Interestingly, the digital proportions of humans
are most similar to that of baboons (Jolly, 1970). Ac-
cordingly, the singular evolution of interdigital control
is usually linked to a terrestrial context in which ani-
mals engaged in complex manipulations of small food
objects (Straus, 1942; Bishop, 1964; Welles, 1976).

Meissner Corpuscles

The tactile properties of such objects are processed by
the somatosensory system, which uses information from
receptors that respond to touch and vibration, body move-
ment, temperature, and pain (Kaas, 1993). Object identi-
fication arises from two types of mechanoreceptors (Srini-
vasan and LaMotte, 1987): slowly adapting (SA) receptors
that signal light maintained pressure, and rapidly adapt-
ing (RA) receptors that signal the onsets and offsets of
skin indentations (Coleman et al., 2001). Meissner corpus-
cles (MCs) are RA receptors that respond to transient or
phasic stimuli. MCs are located in the dermal papillae of
glabrous skin, where they connect to and tightly abut the
basal surface of the epidermis (Fig. 1A). They are inner-
vated by one or two myelinated fibers from the subepider-
mal nerve plexus (Cauna, 1956; Castano et al., 1995; No-
lano et al., 2003). The fibers lose their myelination before
entering the corpuscle, an ovoid capsule of perineural cells
(Munger and Ide, 1988). Therein, the nerve endings
branch repeatedly, adopting a ribbon-like shape with bul-
bous expansions (Guinard et al., 2000; Nolano et al.,
2003). Collagen fibers and fibrocytes bond the spiraling
nerve endings to stacks of lamellar Schwann cells and
attach the capsule to the epidermis (Halata, 1975). The
tortuous and circumscribed expansion of unmyelinated
nerve endings into lamellar disks is a distinctive feature of
MCs. Although this complex innervation has led to spec-
ulation that MCs could have a nociceptive function (Paré

Fig. 1. A: Nerve endings of the glabrous digital skin (a) Meissner
corpuscles, (b) Merkel disks, (c) Ruffini endings, (d) Pacinian corpuscles,
and (e) free nerve endings. Meissner corpuscles connect to and tightly
abut the basal surface of the epidermis, just below the basement mem-
brane. B: Cauna’s model of an intermediate ridge (IR) and a Meissner

corpuscle (MC; a). The intermediate ridge may act as a “magnifying lever
mechanism” (Cauna, 1954) because its swing transmits oblique stimuli
to the Meissner corpuscle (b and c). The spring-like receptor is fully
stimulated by pressure coinciding with its axis (d).
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et al., 2001), aspects of the disciform expansion suggest a
primary role in mechanoreception.

Recently, Takahashi-Iwanaga and Shimoda (2003) re-
ported that the disk margins are serrated with fine pro-
jections of lamellar Schwann cells that tightly hold the
collagen trabeculae to the inner aspect of the pericorpus-
cular capsule. They concluded that the disks are suscep-
tible to mechanical deformations of surrounding tissues
and, furthermore, that the distortion of axonal endings
during the dynamic phase of tissue deformation is suffi-
cient to generate RA receptor potentials. Similarly, Cas-
tano et al. (1985: p. 296) observed that “even the minutest
deformation of the skin [can be] immediately transmitted
to the capsule and, via the cross-beam system linking it to
the framework, to the transducer elements of the corpus-
cle.” The disciform expansion is thus well suited to mecha-
noelectrical transduction. Accordingly, MCs are hypothe-
sized to play a key role in modulating the perception of
elastic texture (Lindblom, 1965; Halata, 1975; Munger
and Ide, 1988; Bensmaı̈a, 2002).

Distribution and Adaptive Significance of
Meissner Corpuscles

MCs are reported from the lips and extremities of pri-
mates and marsupials, e.g., Didelphis virginiana (Winkel-
mann, 1964). Murine and sciurid corpuscles are similar in
shape, but smaller and less elaborate (Brenowitz, 1980;
Munger and Ide, 1988). Given the importance of haptic
senses to humans, especially during food evaluation (Szc-
zesniak and Bourne, 1969), it is surprising that relatively
little quantitative data have been published on the distri-
bution and comparative morphology of primate MCs
(Winkelmann, 1962; Grzycki, 1970; Castano et al., 1985,
1991; Bolanowski and Pawson, 2003; Güçlü et al., 2003).
This lack of comparative data is problematic when mod-
eling the origins and evolutionary ecology of primate so-
matosensory adaptations.

Martin (1990: p. 502–503) noted the alignment of MCs
beneath epidermal ridges and suggested that the struc-
tures serve a dual function, frictional and tactile, that
aides the perception and prevention of slippage (the “fric-
tion hypothesis”): “The ventral surfaces of [primate] ex-
tremities bear tactile pads with cutaneous ridges (der-
matoglyphs) that reduce slippage on arboreal support in
association with dermal Meissner corpuscles” (p. 639).

Enhanced tactile sensitivity on slender substrates prob-
ably conferred strong selective advantages to euprimate
ancestors (Cartmill, 1979; Hamrick, 1998). Supporting
this hypothesis is the fact that atelines possess MCs on
the ventrodistal aspect of their tails, where a patch of
dermatoglyphic skin is present (Biegert, 1961; Garber and
Rehg, 1999). The prehensile tail aids suspension from
small branches during feeding and locomotion (Grand,
1984). However, a linkage between MCs and epidermal
ridging is not universal. MCs are absent in Urogale ever-
etti (Winkelmann, 1963), a terrestrial tree shrew that
shares pedal ridging in common with other tupaids, e.g.,
Tupaia and Ptilocercus (Wu, 1988; Martin, 1990; Lemelin,
2000).

Although the selective advantages of preventing arbo-
real slippage are clear, the dispersion of MCs raises the
possibility of a more specialized function in anthropoids.
In humans, RA receptors are concentrated at the distal
ends of digits I–III (Johansson, 1978; Johansson and
Vallbo, 1979), where tactile acuity is greatest (Caruso et

al., 1994). MC densities range from 5.4 mm�2 in the the-
nar eminence to 33 � 13 and 24 � 10 mm�2 in the pads of
digits III and V, respectively (Bolton et al., 1966; Nolano et
al., 2003). Such a dispersion may serve an acute sensory
function analogous to the tactile fovea of dunlins and
star-nosed moles (Pettigrew and Frost, 1985; Catania and
Kaas, 1997; Catania and Remple, 2004). The concept of a
tactile fovea is based on the primate visual system
(Polyak, 1957). In haplorrhines, the fovea centralis is a
dense concentration of specialized retinal photoreceptors
represented by a disproportionately large cortical region.
Sophisticated ocular motor control directs the fovea to-
ward a stimulus of interest. Recently, the notion of a fovea
has been extended to other sensory modalities, e.g., the
electrosensory fovea of gymnotid fish (Castelló et al., 2000)
and the auditory fovea of echolocating bats (Neuweiler,
2003).

The motor control and magnified cortical representation
of digits I–III (Woolsey et al., 1942; Sur et al., 1980;
Rizzolatti and Luppino, 2001; Blake et al., 2002) are con-
sistent with the notion that monkey digits may function as
a tactile eye, having a small behavioral focus, or fovea at
the center. For anthropoids, a tactile fovea may permit
detailed evaluation of objects, such as suitable weight-
bearing branches or fruits. The softening texture of ripen-
ing fruits is a salient sensory cue (Brady, 1987; Dominy,
2004), and digits I–III are crucial for precision grasping
(Napier, 1960) and the perception of elastic texture (Peleg,
1980). Such observations raise the possibility that high
MC density in anthropoid digits could have evolved to
facilitate the rapid assessment of fruit edibility (the fruit
texture hypothesis).

Compellingly, epidermal ridging may improve somato-
sensory acuity because papillary ridges transmit elastic
energy to intermediate ridges, which in turn act as “mag-
nifying levers” to MCs (Fig. 1B) (Cauna, 1954). However,
the digits of raccoons are richly innervated by mechano-
receptors but feature poorly developed papillary ridges
(Munger and Pubols, 1972). Furthermore, the functional
significance of intermediate ridges is equivocal; they are
not unique to primates or always associated with MCs
(Lemelin, 2000). Indeed, among Asian elephants (Elephas
maximus), the hirsute skin on the projecting flange (or
finger) of the trunk possesses intermediate ridges, but not
MCs (Winckler, 1973; Verdan, 1979; Rasmussen and
Munger, 1996). Interestingly, proboscis morphology and
prehensile skill differ between Asian and African ele-
phants (Fig. 2). Because Loxodonta africana uses its trunk
to grasp objects precisely, including fruits, it is compelling
to examine it for MCs. If they exist, the finding would be
consistent with a role in assessing texture, not friction.

The goal of this analysis is to provide a preliminary and
quantitative description of MC density in a comparative
sample of anthropoid primates. Predictions were tested on
the assumption that receptor density parallels sensitivity
(Meisami, 1989; Catania, 1999; Ruth et al., 2002; Martin
et al., 2004). Predictions were derived from the above
hypotheses regarding the functional similarities between
the prehensile appendages of anthropoids and one African
elephant. The specific questions addressed include the
following: Does the distal trunk tip, or finger, of the Afri-
can elephant possess MCs? Do systematic differences in
MC density vary as a positive function of a frugivorous
diet (as predicted by our fruit texture hypothesis), or does
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MC density not vary at all, or vary as a function body size
and/or locomotor pattern?

MATERIALS AND METHODS
Subjects and Tissue Collection

Tissues were obtained from the cadavers of five anthro-
poid primates housed in the Department of Anthropology,
University of Chicago. Each adult cadaver was fixed and
preserved in ethyl alcohol in the 1960s. Provenances are
unknown. For each specimen, the manual integumentary
tissue was excised from the cutaneous pad between the
interphalangeal crease and distal tip of digits I and II.
Tissues were immersed in 10% neutral buffered formalin
and processed for paraffin embedding. Taxa were chosen
on the basis of dietary diversity and state of preservation:
a gelada (Theropithecus gelada), a red colobus (Piliocolo-
bus badius), a silvered langur (Trachypithecus cristatus),
an orangutan (Pongo pygmaeus), and a white-handed gib-
bon (Hylobates lar). The University of Chicago Institu-
tional Animal Care and Use Committee approved this
protocol under Animal Care and Use Procedure number
71305.

A female African elephant (Loxodonta africana) was
captured near Ngorongoro, Tanzania, and brought to the
Brookfield Zoo, Chicago, on 7 June 1972, at the estimated
age of 1 year (ISIS no. 22301). She died at the zoo on 16
June 2003. During necropsy, zoo staff removed and froze
the distal 30 cm of the trunk. Axial sections of this seg-
ment were cut and small 10 mm pieces of tissue were
excised for analysis. Tissues were immersed in 10% neu-
tral buffered formalin and processed for paraffin embed-
ding. The Biological Research Steering Committee of the
Chicago Zoological Society approved this protocol.

Histochemical Preparations
A Leica 2135 rotary microtome was used to cut 4 �m

sections in the sagittal or transverse plane of the digit.
Sections were mounted and stained with Masson’s

trichrome (Sheehan and Hrapchak, 1982). The technique
is a sequence procedure employing a plasma and collagen
fiber stain. Staining was done at an acidic pH to increase
collagen selectivity. Sections were deparaffinized and hy-
drated in 95% alcohol, flooded with Bouins Fixative (EK
Industries, Joliet, IL) for 3 min, and washed in running
water for 3 min. Sections were placed in Harris hematox-
ylin 130 (Surgipath Medical Industries, Richmond, IL) for
3 min and washed in running water. Next, sections were
flooded with 1% Biebrich Scarlet in 1% acetic acid for 2
min, washed in running water, and flooded with phospho-
molybdic and phosphotungstic acid solution for 1 min.
Next, sections were flooded with 2.5% aniline blue in 2.5%
acetic acid for 2 min, washed in distilled H20, and flooded
with 1% acetic acid for 1 min. Finally, sections were rinsed
once in 95% alcohol and twice in absolute alcohol before
two changes of xylene and mounting in synthetic resin.

Light Microscopy
MCs were identified and quantified using a Leitz Di-

aplan stereo light microscope. Single- and double-blind
counts of whole and partial MCs were determined at 2.5�
or 6.3� magnification. The plane for MC counts ran
through the depth of the viewing field. Density was deter-
mined by computing the volar area of 4–5 tissue sections.
Area was calculated from the length of each section, as
measured with an ocular micrometer, and the known
thickness (4 �m). Images were captured with an Olympus
IX81 microscope equipped with a Retiga EXi camera (Q-
Imaging, Burnaby, Canada).

Data Analysis
To investigate the relationship between frugivory and

MC density, nonphylogenetic and phylogenetic ap-
proaches were used. For nonphylogenetic analysis, a re-
duced major axis (RMA) regression was computed on the
basis that both variables are assumed to have an associ-
ated error. RMA is least sensitive to assumptions on the
error structure of the data and is the least-biased estimate
of the underlying functional relationship (LaBarbera,
1989). A phylogenetic approach was also used on the basis
that continuous biological data potentially violate stan-
dard statistical assumptions of independence due to phy-
logenetic relatedness (Felsenstein, 1985). Data were ad-
justed for phylogenetic similarity with the method of
comparative analysis by independent contrasts (CAIC)
using version 2.6.9 (Purvis and Rambaut, 1995). The pri-
mate phylogeny was derived from Purvis (1995).

RESULTS
Preservational artifacts limited the range of our study.

Shrinkage and separation of the stratum corneum from
the germinal layers occurred in most specimens (Fig. 3).
Accordingly, not every digit that was sampled yielded
identifiable MCs. Compellingly, however, the results were
consistent with previous reports despite differing method-
ologies (Table 1). In a study of serial sections, Güçlü et al.
(2003) reported a density of 7.2 MCs �2 in digit I of a male
baboon (Papio sp.). Herein, a density of 10.2 MCs �2 was
found in digit II of a male gelada (Theropithecus gelada),
a closely related species.

The positive relationship between MC density and the
proportion of time spent feeding on fruits is illustrated in
Figure 4A. Examination of the plot identifies an outlier,

Fig. 2. A: The trapezoidal morphology of the trunk in the African
elephant (Loxodonta africana) permits opposition between the ventral
and dorsal tips or fingers. Reportedly, such prehension permits the
grasping of a single coin from a concrete floor (Shoshani, 1997). B: The
prehensile skill among Asian elephants (Elephas maximus) is less refined
and involves curling of the trunk around an object.
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Fig. 3. A: Detail of an orangutan Meissner corpuscle. Collagen and mucus appear blue and muscle fibers
and cytoplasm appear red. Arrows indicate MCs in (B) Piliocolobus badius, (C) Theropithecus gelada, (D)
Hylobates lar, and (E) Pongo pygmaeus. Specimens were poorly preserved. Note the disassociation between
the keratinized layer and the remaining deeper levels of the epidermis in A, D, and E.



the orangutan (Pongo pygmaeus), which has a lower den-
sity of MCs (14.3 mm�2) than expected based on its diet.
As a point of reference, this value is similar to mean
densities reported for digit I in humans, e.g., 16 mm�2

(Bolton et al., 1966) and 17 mm�2 (Güçlü et al., 2003). An
analysis of the data that adjusts for potential phylogenetic
bias reveals no significant relationship; however, a posi-
tive trend is apparent and the sample size is low (Fig. 4B).
Lastly, despite the partially glabrous nature of the trunk
ventral tip of Loxodonta africana (Fig. 5A), no clearly
identifiable MCs were found (Fig. 5B–E). This result is
consistent with reports on the trunk tips of Elephas maxi-

mus (Winckler, 1973; Verdan, 1979; Rasmussen and
Munger, 1996).

DISCUSSION
Evidence suggests that the elephant trunk evolved to

facilitate snorkel breathing in an aquatic ancestor (Gaeth
et al., 1999; West, 2001). Innervation of the trunk resem-
bles the mystacial skin of rodents or lip tissue of orangu-
tans (Vij et al. 1973; Rasmussan and Munger, 1996). Ras-
mussen and Munger (1996) correlated the innervation
with the tactile ability to grasp small objects. Interest-
ingly, distinctive aspects of the visual system appear to
support this function. The retinal ganglion cells of Lox-
odonta africana are concentrated in the upper temporal
region. Stone and Halasz (1989) suggested that this pat-
tern evolved to monitor the actions of the trunk. Orbital
convergence and the lower visual field of primates may
function similarly, that is, to support manual grasping
(Previc, 1990). On the basis of these seemingly homolo-
gous specializations, we examined the trunk of Loxodonta
africana for MCs. Here we report their absence.

We also report on the digital density of anthropoid MCs.
A positive correlation was found between MC density and
frugivory. While this finding is consistent with the fruit
texture hypothesis, a variety of confounding factors must
be considered. First, MCs are generally fully developed at
birth but lost with age (Cauna, 1964; Renehan and
Munger, 1990). For example, Bolton et al. (1966) reported
that MC density in digit V can decline from 24.0 � 9.9 (in
subjects aged 11–30 years) to 8.4 � 3.3 mm�2 (in subjects
aged 71–84 years). Second, an inverse relationship be-
tween MC density and digital surface area indicates that
digit size is an important variable (Bolton et al., 1966;

TABLE 1. Density of Meissner corpuscles in the digits of nonhuman primates

Primate taxon Sex Age Digit MCs/mm2 Diet

This studya

Hylobates lar (white-handed gibbon) M Adult II 45.8 Fruit (50%), foliage, insects,
flowers (Rowe, 1996)

Pongo pygmaeus (orangutan) F Adult I 14.3 Fruit (61%), foliage, insects, honey
(Galdikas, 1988)

Piliocolobus badius (red colobus) F Adult II 16.7 Fruits and seeds (6%), foliage
(73%), flowers (Struhsaker,
1975)

Theropithecus gelada (gelada) M Adult II 10.2 Fruits and seeds (6%), grass (90%)
(Dunbar, 1977)

Trachypithecus cristatus (silvered langur) F Adult I 11.7 Fruit (10%), foliage (80–90%),
seeds (Rowe, 1996)

Güçlü et al. (2003)b
Aotus sp. (night monkey) F ? II

III
43.0
44.4

Fruits (50–80%), insects, leaves,
flowers (Wright, 1989)

V 46.2

Macaca mulatta (rhesus macaque) F
M

6
?

I
II
III
V

34.4
32.2
33.2
21.0

Fruits (65–70%), leaves, insects,
small vertebrates, fungi
(Lindburg, 1977)

M. radiata (bonnet macaque) F 12 I
II
V

31.2
28.9
27.5

Fruits (47–53%), seeds, leaves,
flowers, small vertebrates
(Rowe, 1996)

Papio sp. (baboon) M ? I 7.2 Fruits (14%), foliage, storage
organs (Barton et al., 1993)

aMC density from 4–5 transverse sections.
bMC density from one serial section; only distal sections are reported here.

Fig. 4. A: Relationship between MC density and the proportion of
time spent feeding on fruits. The slope of the reduced major axis regres-
sion is 0.55 � 0.33 (P � 0.01). Whiskers represent the range of MC
densities in the digits of a single individual (Table 1). B: Independent
contrasts in MC density and dietary frugivory. Regressions of contrasts
on contrasts must pass through the origin; the slope is 0.26 (P � 0.22).
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Dillon et al., 2001). Third, Cauna (1964) observed that MC
density declines with frequent manual labor, but he pre-
sented no data. Accordingly, incisive and definitive state-
ments regarding our results cannot be made; factors apart
from a frugivorous diet can influence the density of MCs.
Regardless, it is interesting to speculate on the advan-
tages of a digital fovea in anthropoids.

Fruit Texture Hypothesis: A Tactile Fovea in
Primates?

Inferring process from pattern must be a cautious en-
deavor, and our fruit texture hypothesis cannot be sup-
ported from our limited data. However, a paucity of data
provides little evidence for any one particular model of MC
evolution. In his review of the primate somatosensory
cortex, Kaas (1993: p. 509) observed: “Higher primates
have [several] specializations, first in the peripheral input
where there is an unusual emphasis on the use of the hand
as a tactile organ, and then in the thalamus and cortex
where more subdivisions of the brain are devoted to the
somatosensory system. The elaborations and specializa-
tions seen in higher primates appear to relate largely to
being able to identify and recognize objects and surfaces
by touch. The specializations start in the skin of the hand,
where large numbers of receptors are concentrated in the
finger tips, which are used for active exploration. The
process of object identification is aided by fine motor con-
trol of the hand and digits, and modifications in [the]
motor cortex.”

Mechanosensory adaptations that enhance active explo-
ration and object recognition tend to facilitate foraging
(Pettigrew et al., 1998; Catania, 1999; Hamrick, 2001).
For anthropoids, evaluating fruits haptically may provide
a rapid means of discerning fruit edibility (Dominy, 2004).

For example, van Roosmalen (1985: p. 87) described the
tendency of spider monkeys to inspect fruits on the basis
of smell and texture because “external properties (like
colour) do not give a decisive answer on the stage of
maturity.” Similarly, Wrangham (1977: p. 510) observed
that “[chimpanzees] often inspect individual food items by
sight, touch, or smell.” Unfortunately, the use of haptic
cues during fruit selection is seldom studied.

However, palpation of a fruit in order to assess texture
requires interdigital dexterity, a skill that is not associ-
ated with frugivory or MC density. Although the latter
two parameters are correlated with each other, we believe
the relationship reflects a generalized pattern associated
with complex foraging. In field studies, dexterity is impor-
tant for constructing tools or foraging on physically de-
fended foods, such as thistles, abrasive leaves, and pro-
tected fruits (Byrne et al., 2001; Corp and Byrne, 2002a,
2002b). In this regard, complex exploratory foraging may
have been the selective regime favoring interdigital dex-
terity (MacNeilage, 1990). Terborgh (1983: p. 98) de-
scribed such foraging in Cebus apella, the platyrrhine
with the greatest manipulative skill: “It bites open bam-
boo canes, hollow dead twigs, and dead palm rachides; it is
particularly attracted to palm crowns, where it rummages
through the debris that accumulates in the funnel-like
apical regions. It often rummages through matted vine
tangles, sending down showers of dead stems and leaves.
Another common pursuit is the stripping of bark from
dead trunks and limbs.”

Although this food-exposing behavior involves much
whole-handed grasping, MacNeilage (1990) suggested
that the variable nature and presentation of such food
products favored a precise grip. In this regard, interdigital
dexterity also facilitates food preparation. Cant and Te-

Fig. 5. A: The distal trunk tip, or finger, of Loxodonta africana is
characterized by a central glabrous region with dermal ridges. The black
rectangle represents the region of excised tissue. B: Rete pegs and
papillary dermis (hematoxylin and eosin stain, 40�). C: Clusters of

peripheral nerves at base of rete peg (hematoxylin and eosin stain,
400�). D: Clusters of peripheral nerves highlighted by S100 stain (200�).
E: Peripheral Meissner-like nerve ending in papillary dermis (S100 stain,
100�).
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merin (1984: p. 330) noted that “many [primate food]
items include edible and inedible (or undesirable) parts
. . . there may be soil adhering to the bases of grass stems,
tough husks on fruit, large seeds or dense hairs on cater-
pillars.” Digital dexterity “endows [the] consumer with the
capacity to extract the portions it wishes to eat and [to]
discard the rest.” Compellingly, the tactile fovea of dunlins
and star-nosed moles functions similarly. It processes tac-
tile information during probing and exploratory foraging.
If digits I–III of catarrhines are homologous sensory struc-
tures, their dexterity and tactile acumen may have
evolved in the context of opportunistic manual foraging.

Regrettably, the nature of our data set cannot support
or refute this notion. Relevant to our study is the obser-
vation that “[Aotus trivirgatus] seems to have very little
independent control of [its hand]. It reaches with finger-
tips leading, whether for branches or insects or fruit, and
it is adept at catching insects with its hands.” Further-
more, “it probably has far more tactile sensitivity [than
prosimians have]. A pet [Aotus] will feel over one’s face
with its touchpads. Lemuriformes and Lorisiformes often
grab and hold one with their hands, but never explore a
surface with their fingertips” (Bishop, 1964: p. 213–214).
This lack of interdigital dexterity coupled with a high
density of digital MCs appears to represent a specialized
locomotor adaptation instead of a dietary one. Evaluating
suitable substrates on the basis of texture may be empha-
sized during nocturnal foraging. Such a possibility is con-
sistent with the friction hypothesis (Martin, 1990) and the
fact that opossums also possess MCs but seldom forage
with their hands (Winkelmann, 1964). Similarly, the high
density of MCs in the digits of Hylobates lar may be an
adaptation to sensing friction during ricochetal arm
swinging. However, gibbons do engage in a variety of
complex manipulations during feeding (Tuttle, 1972). In
this regard, the relatively low MC densities in the digits of
Pongo pygmaeus and Theropithecus gelada, two taxa that
forage opportunistically and enjoy a high degree of inter-
digital dexterity, may simply reflect the relatively large
surface area of their digits.

Accordingly, we cannot soundly argue to have teased
apart the influences of diet, locomotion, and phylogeny in
the evolution of the primate somatosensory perception.
Nevertheless, the notion of tactile foveation in anthro-
poids is intriguing. If the concept is warranted, we suggest
that the tactile fovea developed to permit greater somatic
information during digital probing and exploratory forag-
ing. In this regard, we favor the view that invasive and
complex foraging selected for increased interdigital dex-
terity (MacNeilage, 1990).

Future insights may result from examining the primate
corticospinal tract (CST) (Heffner and Masterton, 1983;
Iwaniuk and Whishaw, 2000). Although CST length cor-
responds with forelimb dexterity in mammals, there is no
relationship between CST length and a variety of behav-
ioral traits, such as diet or arboreality (Iwaniuk et al.,
1999). However, CST distribution in the neocortex may be
more closely related to such adaptations (Nudo and Mas-
terton, 1990). In the end, our analysis may be viewed as an
exploratory tool for evaluating and generating hypotheses
regarding the evolution of primate special senses. Such
hypotheses must eventually be tested by careful direct
observation in the field or laboratory.

NOTE ADDED IN PROOF
Addendum

After this article went to press we examined the digital
tissue of an adult male western gorilla (Gorilla gorilla
gorilla). The tissue was obtained from a cadaver kept in
the Deparment of Anthropology, University of California -
Santa Cruz. The diet of G.g. gorilla is composed of fruit,
67%; seeds, leaves, stems, pith, 17%; and animal prey
(including termites, caterpillars, and inset larvae), 3%
(Rowe, 1996). The density of MCs in digit I was 11.3/
mm�2. Adding this datum to Figure 4A produces an RMA
slope of 0.53 � 0.36 (P � 0.01). Adding this datum to
Figure 4B does not change the slope (0.26) or P-value (P �
0.22) of the regression of independent contrasts. The au-
thors thank A. L. Zihlman for access to this tissue.
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