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Cebus and Saimiri, together with Callicebus and Aotus, represent four genera of
New World monkeys whose unresolved taxonomic position has served to muddle platyr-
rhine cladistics. Their affinities remain somewhat preblematic (Schneider and Rosenber-
ger, this volume), although we argue that in the past 20 years, new molecular, gencuic,
merpholegical and behavioral analyses have narrowed the range of possible explanations
regarding Cebus and Saimiri, in particular. Here, we attempt to clarify cebine evolutionary
relationships and outling some interesting and relevant directions for future studies in be-
havior and ecology.

PART I: SYSTEMATICS AND MORPHOLOGICAL EVOLUTION
(A.L. Rosenberger, M,A. Norconk, and P.A. Garber)

As is usually the case in systematics, without the proper frame of reference it is
often easier to understand what a taxon is not, phylogenetically, rather than what it is. For
example, Cebus has a grasping tail, but it is not an ateline. Cebus is said to have a partially
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Table 1. Genus fevel classification of cebines

Family Cebidae
Subfamily Cehinae
Tribe Cebini
Cehus - Cebus monkey
Tribe Saimiriini
(*)8aimirt - Squirrel monkey: Middle Miocene, Colombia
*Lavenriana - Middle Miocene, Colombia
*Dodichocebus - Early Miocene, Argentina
Other cebines
*Chilecebuy - Early Miocene, Chile
*Antitlorhrix - Pleistocene/Recent. Dominican Republic

*Extinel genus (%) Living genus which includes Nevsimuer as a subgenus See
Schnerder and Rosenberger (this volume) and Roscnberger (19927 fur referenies
and diseussion. “Thher cebines” inclode fossds whose relationshaps vefes Cebinac
are uncerain.

opposabie thumb, but it is not a catarrhine. Nor is it likely that the relatively Jarge capu-
chin brain will conjure up fantasies of a special evolutionary relationship with hominids.

The same would hold for Saimiri. With a round head, shon face, agouti coloration.
long tail and insectivorous diet, one might mistake i1 for a talapoin, which it is not. Like
Cebus, Saimiri has a relatively large brain, highly sexvally dimorphic canines, and shares
a long, novel sequence of the IRBP and epsilon globin genes, with Cebus. to the exclusion
of other platyrrhines. What are we to make of these similarities? The null hypothesis
should be that Cebus and Saimiri are closely related.

As Schneider and Rosenberger (this volume) relate, there are dichotomaous views on the
relationships of Cebus. One view nests capuchins within a group that also includes calliteichi-
nes and Saimiri - all cebids (Table 1). The other view places Cebus quite autside the radiation
ol most modern forms, albeit with Saimi again appearing as a potential sister-taxon. This lat-
ter view can be termed the "outlier” hypothesis, and argues that capuchins represent an ancient
platyrrhine radiation isolated from all other genera for perhaps 20 millicn years. The fossil re-
cord is of little help here, and the crucial single step to resolving this conflict rests with under-
standing the linkage between Cebus and Saimiri. To us, capuchins and squirrel monkeys
represent a pair of closely related genera and this makes the outlier hypothesis patently unten-
able. The hypothesis that Cebus and Saimiri are sister taxa has been tested often, at least im-
plicitly, and it has been rarely if at all refuted.

Every point of similarity (either primitive or derived) found between Cebus and
Saimiri is a corroboration of the null hypothesis. Every potential point of derived similar-
ity found between either Cebus or Saimiri and a taxon outside this pair must be demon-
strated to be homologous if it is to weaken the null hypothesis. In general, the modern
radiation of extant capuchins is characterized by relatively large brain size, enhanced
manual dexterity and tool use, elaborate visual system, semi-prehensile tail, complex sys-
temn of social communication and group coordination, thickly enameled teeth, premolar
dominance, hyper-short face, and narrow inter-orbital distance. Although it is possible that
each of these traits could be interpreted as autapomorphic, unique add-ons that accumu-
lated since the genus split from the stem of the platyrrhine radiation, we feel that this is
highly unlikely. Moreover, if capuchins do represent an old, isolated lineage, then it is
necessary to posit that Cebus and Saimiri have convergently evolved short faces, broad
premolars, minuscule third molars, narrow nasal bones, rounded braincases containing
relatively large brains, and highly dimorphic canines honing on a Cebus-like premolar an-
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vil. Given that these traits are distributed across the face, cramum. and dentition support-
ing 2 prey-based foraging strategy, arguments for evolutionary convergences in each of
these trails are difficult to reconcile.

What 1s the genesis of the “outlier hypothesis™ This result appeared in three numeri-
cal cladistic studies {Dunlap et al., 1985, Ford, 1986 et seq.. Kay, 1990), all of which
shared the same set of built-in constraints. 1n gach of these studies, catarrhines were used
as the principle source of cladistic information (the out-group). No a priori study was un-
dertaken to specify homelogies shared by platyrrhines and catarrhines, Reconstructing the
ancestral platyrrhiine pattern was left to the algorithms, We suggest their approach biased
the analyses 1o search for platyrrhines with the highest frequency of catarrhine-like fea-
tures, based on the available sample. Cebus molars were anatomically likened to those of
Apidium, Cebus ankle joints were said to resemble early Fayum parapithecid anthropoids;
and Cebus forearm muscles were compared favorably with extant Old World monkeys.
Thus, the outlier hypothesis was driven by the limits of a methadology.

The null hypothesis regarding the systematic position of Cebus, as a member of a
lincage linked with Saimiri, remains the most compelling (Schneider and Rosenberger.
ihis volume). It will be strengthened as we continue to explore differences in cebine onto-
geny (Hartwig, 1995 . Armstrong and Shea. in press) and how that influences patterns of
behavior and ecology. We argue that Cebus and Saimiri are closely related genera, sepa-
rated for millions of years but still bound 10 the pre-catching guild of cebids (Table 1). Tt
is not surprising that over time they would accumilate merphoelogical dilterences that
might lead to questions of ancestry. However. it 18 a set of unigue similarities that unite
these lineages phylogenetically,

PART II. BEHAVIOR AND ECOLOGY ISSUES IN Cebus AND
Saimiri (L.M. Fedigan and S. Boinski)

Te most casual abservers Saimiri and Cebus are strikingly similar in their general
appearance and demeanor, Whether in cages or a neotropical forest, these beasts are usu-
ally recalled as busily moving about, poking, prying. peeling, and scraping substrates
looking for tasty bits, and bustling about fruit sources, bumping and jostling each other
like a litter of puppies at a food bowl. Although questions exist regarding their precise
taxonomic affinities (but see new molecular data in Schneider and Rosenberger, this vol-
ume}, Saémiri and Cebus are readily pooled into an ecological "clade’ of insectivorous pri-
mates. Despite these similariies, many of issues relevant to the behavioral ecology of
Cebus and Saimiri are most obvious when their many differences are noted.

First, the systematics and genetic structure of these genera are dramatically differ-
ent. Cebus has four well-defined species. C. albifrons, C olivaceous, and C. capucinus ve-
place each other geographically and together form a tidy clade which is clearly
morphologically and behavierally different from C. apella (Mittermeier and Coimbra-
Filho,1981; Groves, 1987}, In contrast, Saimiri{ presenis systematists with a messy pattern
of parapatric and allopatric populations and with evidence of species distinetions, The me-
ticulous and herculean efforts of Hershkoviiz { 1984) and Thorington (1985} in sorting out
Saimiri taxonomy, based largely on pelage, osteological, and chromosomal characters. are
now in the process of being refined to include more recent behavioral and molecular data
(i.e., Costello et al., 1993; Silva et at., 1993; Garcia et al., 1995). Consensus on the spe-
cies- and subspecies-level taxonomy of Saimiri, however, is unlikely to be achieved even
within the next decade.
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Second, adult capuchins can easily weigh four to six times more than an adult squir-
rel monkey. Although body propartions are not markedly dissimilar, the consequences
from the size differences reverberate throughout the biology of both genera. First, all else
being equal, Saimiri are much more vulnerable to predation than Cebfus. A much broader
range of potential predators can capture a Saimiri than a Cebus. For example, 50% of in-
fant S. oerstedi are lost to confirmed or probable predation by avian predators by six
months of age (Boinski, 1987). One probable consequence of their enhanced vulnerability
to predation, is that Saimiri troop sizes can easily be three to six or seven times larger than
a Cebus troop. Extremely large troop sizes appear to be an anti-predator adaptation in
Saimiri {Boinski, 1988a), as do numerous peculiarities in Saimiri reproduction, including
their remarkably synchronous seasonal birth peaks and the extended. unusually variable
duration of gestation (Boinski, 1987; Hartwig, 1995).

Third. both genera are highly vocal in the wild, and individual troop members may
produce more than a 1000 vocalizations cach day in the course of normal activities (Bain-
ski, 1991: 1993; Bainski and Mitchell 1992. 1995; Boinski and Campbell 1993, In press).
In Saimiri, however, a much larger proportion of calls can be described as ‘contact” cally
with the function of exchanging positional information among visually isolated troop
members. In Saimiri, the enhanced susceptibility to predation due to their smaller body
size appears tesponsible for the greater ermphasis of contact calls. The number of contact
calls produced by a squirrel monkey is positively related to the extent of spatial separation
between the squirrel monkey and its nearest neighbor, Only in infant capuchins are such
‘security-blanket” vocalizations found.

Another repercussion of the body size difference is that Cebus have greater bite
force and manual strength than do Saimiri (Janson and Boinski,1992). Saimiri are foliage
gleaners, extracting arthropeds and small vertebrates off lexf and bark surfaces or from
within leaf curls. Cebus can twist, rip. bite, and crunch open hard substances te extract
grubs, and other social insects unavailable to Saimiri. Even when foraging in mixed-spe-
cies groups, the two genera overlap little in the sites in which they forage for arthropods.
Cebus can also harvest high-quality fruit sources, such as dense clusters of hard-husked
palm frunts, which are completely inaccessibie to sympatric Sqimiri because the latter can-
not penetrale the husks.

Fifth, although baoth species have anomalously large brains relative to body size
compared to other primates, the concomitant developmental trajectories that produce the
large brains are markedly different and appear to reflect very different selective regimes
{Hartwig, 1995, 1996). Cebus has more postnatal brain growth and slower motor skill de-
velopment than other New World primates. Neonates are highly precocial in Saimiri in
terms of both brain growth and motor skill development. Another developmental differ-
cnce is that Saimiri evidences much more marked geographic variation in development
than has yet been reported in Cebus. Infants are in great part weaned by 4.5 months in §.
oerstedi in Costa Rica and are rarely in close vicinity 10 their mothers by 8 months of age
{Boinski and Fragaszy, 1989). In contrast, $. sciwreus in Peru are weaned by about 19
maonths of age {Mitchell, 1990; Boinski and Mitchell, 19935),

Finally, in regard to the extent and breadth of field studies the positions of the two
genera are reversed. Cebus has been the subject of detailed long-term behavioral and eco-
logical field studies since Oppenheimer’s field work on Barro Colorado Isiand in the mid

1960°s (see Freese and Oppenheimer (1981} for historical review). The number of field
observational and experimental studies shows no signs of diminishing (see below}. The
long-term field legacy for Seimiri i3 far different. Squirrel monkeys were one of the five
monkey species studied in Terborgh’s (1983) and his associates year-long ecological
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study of the primate community at Manu, Peru. Fortuitous field conditions facilitated
Boinski’s (1986) studies of squirrel monkeys in Costa Rica. the first with detailed social
observations of individually recognized troop members. Mitchell {(1990) quickly followed
with her superb investigation of the ecology and complex social behavior of Saimiri in
Manu. The third, and only other population of squirrel monkeys studied for an extended
peried {although the results remain largely wnpublished) is af an artificially stocked popu-
lation on Isla de Santa Sofia. a 400-ha island in Amazonas, Calombia (Bailey et al., 1974,
Sponse] et al.. 1974). To our knowledge, no other researchers have undertaken long-term
behavioral field studies of Saimiri. Quite a few workers, however, mention Saimirf in re-
ports on pther neotropical primates (e.g. Peres, 1994).

Clearly, the main challenge awaiting further insights into Saimiri are additional
long-1erm field studies of behavior and ecology at new sites. Squirrel monkeys have the
most geographically variable secial organization of any group of closely related primate
populations (Mitchell et al,, 1991; Boinski, In press). S. oerstedi arguably exhibits the
mast egalitarian, least aggressive social organization of primates with large mulri-female,
multi-maie social organizations {(Boinski, 1988a, 1994; Boinski and Mitchell. 1994y,
Moreover, §. oerstedi is one of the minerity of primate taxa in which female dispersal is
the rule and negligible female-female bonds are evident. In contrast, Peruvian females are
dominant to males and female-female social bonds are strong (Mitchell, 19901994, Co-
fombian Saimiri are reminiscent of those in Peru, with male transfer and female-female
bonds, but during the four month-long dry season, food becomes extremely scarce and
troops fission into small subgroups (R. C. Bailey, pers. comm}. In Suriname, a fourth type
of social erganization occurs. Males are fully integrated into the sacial group. maost males
are dominant to most females and much time is allocated to dyadic dominance displays in
the wild (Boinski, unpublished data). The Peru-Costa Rica contrast has heen explained by
differing levels of within-group food competition. Studies begun by Boinski in Suriname
aim to extend and test this model on a squirrel monkey population that exhibits a very dif-
ferent social orgamization.

Unlike Saimiri studies, recent studies of Cebus have been spurred by a surge of in-
terest in primate cogrition. The investigation of cognitive abilities is a hot topic through-
out primatology, and fundamental to this issue is the study of social and ecological
pressures that were likely to have selected for intelligence. Both social and foraging intel-
ligence are now being investigated in captive and field studies. Among the topics under
investigation are formation of coalitions (Perry, 1995a, 1996b), reconciliation (Perry.
1995b}, cognitive capacities under captive, experimental conditions (Visalberghi, 198§,
1990; Anderson and Roeder, 1989; Fragaszy and Visalberghi. 1990; Visalberghi and Fra-
gaszy, 1990; Fragaszy et al., 19%94; Marchal and Anderson, 1993), spatial memory and
rule-based foraging (Garber and Paciulli, 1996; Janson, this volume), social interactions
and vocal behavior leading to troop travel decisions (Boinski 1993, this volume: Boingki
and Campbell, 1995), alarm calls (Norris, 1990, choice of plants used for medicinal pur-
poses (Baker, 1996), hunting (Fedigan, 1990, Rose, 1994a.1996: Perry and Rose. 1994},
ontogeny of foraging skills (MacKinnon, 1995), foed sharing (de Waal et al., 1993), ool
making (in captivity: Anderson, 1990; Westergaard and Suomi, 1994ab; in the wild;
Boinski, 1988b, Chevalier-Skolnikoff, 1990, Fermandes. 1991}.

We are also just starting to piece together the picture of social dynamics in capu-
chins. We know that males disperse and that females are usually philopatric. Does this
mean that females form matrilines and that temale relatedness underlies much of the af-
finitive interaction patterns? Capuchins readily form cealitions, they often allonurse and
alloparent each others’ young, and they engage in frequent triadic interactions (O’Brien
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1988, 1991, 1993; O Brien and Robinson, 1991; Perry, 1996b; Robinson, 1993). Are these
patterns based on kinship, rank, friendship, or some other factor? Years ago, Bernstein
(1966) conducted experiments in captivity to show that capuchins, unlike macaques, do
nat form linear dominance hierarchies, and capuchin field workers experience some diffi-
culties in determining rank other than that of alpha individuals. How is dominance rank
acquired and is it linear? All four capuchin species exhibit a pattern of prominent alpha
males, but in C. athifrons and C. capucinus, adult males within the same group associate
strongly with each other, they cooperate actively in group defense, they look for and re-
trieve lost males, and they sometimes transfer groups together {Fedigan, 1993, Fedigan et
al., this volume; Perry, 1996a; Rose, 1994b). How far and how often males disperse is un-
known, but in the white-faced capuchins that have been under observation for 13 vears in
Santa Rosa National Park, Costa Rica, small parties of adult males invade groups every
few years, fighting with the resident males, and injuring females and infants in the proc-
ess. At other times, single males join groups quietly and inconspicuously over an extended
period of time. Resident males of a group sometimes exhibit extensive male care. protect-
ing, carrying, and retrieving infants, and even allowing them 1o suckle. What factors un-
derlay these highly variable patterns of male social behavior are as yet unknown, but field
studies focused on males are underway. Field studies have also investigated female social
behavior, particularly the feeding and traveling costs of female Cebies afivaceus in groups
of different sizes {Miller, 1992, this volume).

As with Saimiri, we still have much to leam about Cebus mating systems. Some
capuchin species mate cryptically (e.g., C. capucinus, see Parish et al.. 1996), whereas in
others the females clearly and overtly choose the aipha male for mating {e.g., C. apelia,
see Janson, 1984; Phillips et al., 1994). Two of the four Cebus species (C. afhifrons and C.
capucinus) live in groups that are decidedly multi-male. The other two species (C oli-
vaceus and C. apelfa) live in what might best characterized as ~age-graded male™ {or fune-
tionally speaking, unimale) systems. In these cascs, the top-ranking male s the only
reproductively active male, and is highly conspicuous socially ([zawa. 1980: Janson.
1984; Robinson, 1988; O’Brien, 1991). Male capuchins in at least two af the Cehus spe-
cies exhibit strong male-male bends, and female kinship and dominance systems do not
seem as clear cut as in cercopithecines.

Capuchins in captivity live very long lives. up to 47 years, which is much longer
than expected for a primate of their body size, but less surprising in terms of their brain-
to-body weight ratic. Are members of this genus similarly long-lived in the wild? The en-
tire pace of life seems slower than expected in capuchins - weaning age, age at first birth,
interbirth intervals. estrous cycle length {Fedigan and Rose, 1995). Is this “slow” life his-
1ory patiern related only to their large brains, or are there other factors involved? We need
more Jong-term life lustory and ecological data from field studies on both this genus and
other pnimates exhibiting large brain to body ratios, such as squirrel monkeys. Birth rates
are highly variable from year to year, however, we have yet to document the factors that
might aftect annual variation in reproduction. Capuchins have long been thought to be
nonseasonal breeders, but at least one study found significantly more infants born in the
dry than the wet season (Fedigan et al., this volume). Is it possible, as Susan Perry has
suggested, that females of the same group exhibit some loose form of breeding synchrony,
resulting in clusters of births within a troop over a several month-long period, but not
strict scasonality? Capuchins appear to rely on pheromones and olfactory communication.
This seerns to be (ndicated by their neurophysiology and by their frequent use of behav-
iors with an olfactary component, such as urine-washing (Robinson, 1979), fur-rubbing
with adoriferous substances (Ludes and Anderson, 1995; Baker, 1996), and mutual hand-
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sniffing (Perry, 1996b). Plausibly, olfactory communication might underlie the phenome-
non of birth clusters within a troop.

A number of factors about the capuchins’ relationship to their environment are also
distinctive. As menticned above, these monkeys are famous as extractive, manipulative
foragers. Capuchins seem te specialize in food that “fights back”, that is, flora and fauna
with highly evolved defense mechanisms. What ecological factors might have selected for
this pattern and what are the repercussions for the capuchins® ability to adapt and survive
under rapidly changing ecological conditions? For example. how do these opportunistic,
omnivorous feeders fare under the all too prevalent conditions in Central and South Amer-
ica of forest destruction and fragmentation? And how do they fare under the less common
conditions of forest regeneration? In many parts of their range, capuchins are reported to
prey on small vertebrates (e.g. birds, lizards, small mammals, see Newcomer and De-
Farcy, 1985; Fedigan, 1990; Perry and Rose, 1994). Is this a recent adaptation or do they
exhibit behaviors indicating that they have long been effective at vertebrate predation?
They are also renowned for their ability to mount an impressive, effective, and coopera-
tive anti-predator display by vocalizing, mobbing, and breaking branches on the source of
the disturbance (e.g., Boinski, [988b), and thus driving off creatures many times their size
{cats, coyotes, boa constrictors, ecotourists). Finally, capuchins exhibit considerable vari-
ability from group te group and species to species in their diet and the way they manipu-
late and cxtract food — is this variation due to food availability or local traditions
(Chapman and Fedigan, 1991)?

This brief review of issues in the behavioral ecology of Cebus and Saimiri make it
clear that we need more long-term intensive studies of known individuals, groups and
populations before we can fully understand the mechanisms that underpin many of the
patterns discussed here. The last decade has seen a great increase in our knowledge of ce-
bine behavioral ecology. With the increasing attention paid to the neotropical primates
and the availability of new non-invasive techniques for biological sampling in the field,
the next decade should prove to be an even greater leap forward in our understanding of
these animals.

REFERENCES

Andersen, JL.R. 1990, Use of objects as hammers to open nuts by capuchin monkeys {Cebus apelia). Foha prima-
tof, 540 138 145,

Anderson, L.R., and Roeder, ]. 1989. Responses of capuchin monkeys (Cebus apelin) 1o different conditions of
mirror-image stumulation. Primates 30: 581-387.

Armstrong, E.. and Shea, M. A. In press. Brains of New World and Old World monkeys, in: W.G. Kinzey (ed.},
New World Primates. Aldine de Gruyter, New York.

Bailey, R C., Baker, R.S.. Brown, D.S., von Hildebrand. P, Mittermeier, R.A_. Sponsel, L.L., and Wolk, K.L.
1974, Progress of a breeding project for non-human primates in Colombia. Nature 248:453 455,

Baker, M. 1996. Fur-rubbing: usc of medicinal plants by capuchin monkeys {Cebus capucinus) Am J Primarol.
38: 263-270.

Bemstein, 1.5, 1966. Analysis of a key role in a capuchin (Cebus albifrons) group. Tulune Studies in Zoology 13
49- 54,

Boinski, S, 1986. The ecology of squirrel monkeys in Costa Rica. Unpub. Ph.D. Thesis The University of Texas at
Aunstin.

Boinski, $. 1987. Birth synchrony 1n squirrel monkeys { Saimiri verstedi): a strategy to reduce neonatal predanon.
Behav. Ecol. Sociohiol. 21:393-400.

Boinski, 5. 1988a, Sex differences in the foraging behavior of squirrel monkeys in a seasonal habitat. Behav Feof
Sociobiol 23:177—186.



226 L. M. Fedigan er al

Boinski, 5. 1988b. Use of a club by a wild white-faced capuchin (Cebus capucinus) to attack a venomous snake
(Bothrops asper). Am. J. Primatol. 14177179,

Boinski, 8. 1991. The coordination of spatial position: a field study of the vocal behaviour of adult female squirrel
monkeys. Animal Behaviour 41:80-102,

Boinski, 8. 1993. Vocal coordination of troop movement among white-faced capuchin monkeys, Cebus capueinus.
Am._J. Primatol. 30: 85-100.

Boinski, 5. 1994, Affiliation patterns among male Costa Rican squirrel monkeys. Behagviowr 130:191-209.

Botinski, 5. In press Stress Responses in Primates: Proximate Mechanisms in the Evolution of Social Organization,
in: 8. A. Foster and I.A. Endler {eds), Geographic variation in behavior: An evolutionary perspective, Ox-
ford University Press, Oxford England.

Boinski, 5., and Campbell, A. F. In press. The huh vocalization of white-faced capuchins: a spacing call disguised
as a food call? Ethology

Boinski, 5. and Campbell, A.F. 1995 Use of tnll vocalizations to coordinate troop movement among white-faced
capuchins: a second field test. Behaviour 132; 875-901.

Boinski, 8., and Fragaszy, D.M. 1989. The ontogeny of foraging behavior in squirrel monkeys, Saimiri oerstedi.
Animal Behaviowr 47.415-428,

Boinski, S.. and Mirtchell, C.L. 1992. The ecological and social factors affecting adult female squirre! monkey vo-
cal behavior. Ethology 92:316-330.

Bomski, S., and Mitchell, C.L. 1994, Male dispersal and association patterns in Costa Rican squirre] monkeys
{Suirmurs perstedt). Am. J. Primutol. 34:157-170.

Beinski, S., and Mitchell, C. L. 1995, Wild squirtet monkey (Saimirt scrurens) “caregiver” caltls: contexts and
acoustic structure. Am J Primatol, 35:129- 138,

Chevalier-Skolnikoff. 5. 1990. Tool-use by wild Cebus monkeys at Santa Rosa National Park, Costa Rica. Pri-
mates 31: 375383,

Chapman. C. A., and Fedigan, L.M. 1991, Dietary differcnces between neighboring Cebuy capucinus groups: local
traditions. food availability or responses to food profitability? Folig primatol. 54: 177-186.

Costello, R.K.: Dickinson, C.; Rosenberger, A.L.; Boinski, S.; Szalay, F.5, 1993, A multidisciphnary approach 1o
squirrel monkey {genus Saimiri} specics taxonomy, in: W.B. Kimbel and L. B. Martin {eds), Species. Spe-
cies concepts, and Primate evolution, pp. 177 237 Plenum, New York.

Dunlap, S. 8., Thonngton. R. W, Jr.. and Aziz, M. A_ 1985. Forelimb anatormy of New World monkeys: myvology,
and the interpretation of primitive anthropoid modcls. Am. J. Phys. Anthropol. 68: 499517

Fedigan, L.M. 1990, Vertebrate predation in Cebus capucinus: meat-eating in a neotropical monkey. Fefia prima-
tod 54 196-205.

Fedigan, L.M. 1993 Sex differences and intersexual relations in adult white-faced capuchins (Cebus capueinus).
fnt A Primatel. 14 1-25.

Fedigan. L. M., and Rose, L.M. 1995 Interbirth interval variation in three sympatric species of neotropical mon-
key. Am_J. Primatol. 37:9-24.

Fernandes. M.E.B. 1991. Toel use and predation of oysiers { Crassostrea rhizophorae) by the tufted capuchins, Ce-
bus apella apella, in brackish water mangrove swamp. Primares 32: 529--531.

Ford, 8.M. 1986. Systematics of the New World monkeys, in: D.R. Swindler and J. Erwin { eds.), Comparative
Primate Biofogy, Volume I: Systemarics, Evolution and Anatomy, pp. 73-135. Alan R, Liss, New York.

Fragaszy, D.M.. and Visalberghi, E. 1990. Social processes affecting the appearance of innovative behaviors in
capuchin monkeys. Folia Primatol, 54:155-165.

Fragaszy, D.M., Vitale, AF., and Ritchie, B. 1994, Variation among juvenile capuchins in social influences on ex-
ploration, Am. J. Primatol. 32; 249-260.

Freese, C.H., and Oppenheimer, I.R. 1981, The capuchin monkey, genus Cebus, in: A.F. Coimbra-Filho and R.A.
Mittermeier {eds.), Fcology and Behavior of Neotropical Primates, volume 1, pp. 331-390. Academia
Brasiliera de Ciencias, Rio de Janeiro.

Garber, P.A,, and Paciulli, L.M. In press. Experimental field study of spatial memory and learning in wild capu-
chin monkeys {C. capucinus). Folfa Primatof,

Garcia, M., Borrell, A.. Mudry, M.. Egozene, )., and Pansa. M. 1995, Prometaphase karyotype and restriction en-
zyme banding in squirrel monkeys. Saimirt boliviensis boliviensis. J. Mammal 76:497-503.

Groves. C.P 1987, 4 theory of humuan and primate evolution. Oxford University Press, Oxford UK.

Hartwig, W.C. 1995, Effect of life history on the squirrel monkey (Platyrrhini, Szimizi) cranium. Am. J. Phys. An-
thropol 97435449,

Hartwig, W.C. 1996. Perinatal life history trasts in New World monkeys. 4m J. Primatol. 40:99-130,

Hershkovitz, P. 1984, Taxonomy of squirrel monkeys genus Saimiri (Cebidae® Platyrchini): A preliminary report
with description of a hitherto unnamed form. Am. J. Primarol. 6:257-312.

Izawa, K. 1980. Social behavior of the wild black-capped capuchin (Cebus apella). Primates 21: 443467,



Critical [ssues in Cebine Evolution and Behavior 227

Janson, C.H. 1984, Femnale choice and mating system of the brown capuchin monkey Cebus apefla {Primates: Ce-
bidae). Z. Tierpsychol. 65: 177-200.

Janson, C.H.. and Boinski, 5. 1992. Morphological and behavioral adaptations for foraging in generalist primates:
the case of the cebines. Am. J. Phyvs. Anthropol. 881483498,

Kay. R.F. 1990. The phyletic relationships of extant and fossil Pitheciinae (Platyrrhini, Anthropoidea). J. ffum.
Evol. 19: 175208,

Ludes, E., and Anderson, 1.R. 1995, Peat-bathing by captive white-faced capuchin monkeys {Cebus capucinus).
Fofia primatol. 65: 3842,

MacKimmon, K. 1995. Ape differences in foraging patterns and spatial associations of the white-faced capuchin.
Cebus capucinus, in Costa Rica. Unpubl. MA Thesis, Univ Alberta, Edmonton, Canada.

Marchal, P. and Anderson, 1.R. 1993, Mirror-image responses in capuchin monkeys (Cebus capucinusy: social re-
sponses and use of reflected environmental information. Fofia primatol. 51:165—173.

Miller, L.E. 1991, Socioecology of the wedge-capped capuchin monkey (Cebus olivaceus). Unpub. PhD disserta-
tion. University of California, Davis, CA.

Mitchell, C.L. 1990, The ecological basis for female social dominance: A behavioral study of the squirrel monkey
{Saimiri sciureus) in the wild. Unpub. PhD dissertation. Princeton University, Princeton, NJ.

Mitchell, C.L. 1994, Migration alliances and coalition among adult male South American squirrel monkeys
{Suimirt sciureus). Behaviour 130:160—-190,

Mitchelt, C., Boinski. S., and van Schaik, C.P. 1991. Competitive regimes and female bonding in two species of
squirrel monkey (Saimiri oerstedi and S sciureus). Behav. Ecol. Sociobiol. 28:55-60.

Mittermeier, R.A., and Coimbra-Filho, A.F. 1981, Systematics: species and subspecies. in, AF. Cowmbra-Filho and
R.A. Mittermeier {(eds.), Ecofogy and Behavior of Neotropical Primates. Volume 1, pp. 29-110. Acadena
Brasiliera de Cigncias, Rie de Janeiro.

Newcomer. M W_. and De Farcy, D.D. 1985. White-faced capuchin (Cebus capucinus) predation on a nestling co-
ali {Nasua naricay” J. Mammal. 66: 185186,

Norns, J.C 1990, The semantics of Cebus olivaceus alarm calls: object designation and ateribution, Unpubl. PhD
dissertation University of Florida, Gainesville.

(O’Brien, T.G. |988. Parasitic nursing behavior in the wedge-capped capuchin monkey (Cebus olivaceus). Am. J.
Primatol. 16: 341-344.

(FBrien, T.G. 1991. Female-male social interactions in wedge-capped capuchin monkeys. Benefits and costs of
group living. Anim Behav. 41:555-567.

O'Brien, T.G. 1993, Siability of social relationships in female wedge-capped capuchin monkeys. m: M. Percira
and L. Fairbanks (eds), Juvenile Primates, pp.197-210. Oxford University Press, Oxford, UK.

O'Brien, T.G., and Robinson, J.G. 1991. Allomaternal care by female wedge-capped capuchin monkeys: effects of
age. rank and relatedness. Behaviour 119: 30-50.

Parish, A.R., Manson, J.H., and Perry, S.E. 1996. Nonconceptive sexual behavior in bonobos and capuchins, Ab-
stract 001G of the XV1th Congress of the International Primatological Society and X1Xth Conference of
the American Society of Primatology. August 11-16, 1996, Madison, WI,

Peres, C.A. 1994, Primate response to phenological change in an Amazonian terre firme forest. Biufrapica
26:98-112.

Perry, S.E. 1995a. Patterns of coalitionary aggression in wild white-faced capuchin monkeys, Cebus capucinus,
Am. S Primatol. 362 147,

Perry, 5.E. 1995b. Social relationships in wild white-faced capuchin monkeys, Cebus capucinus. Unpubl. PhD dis-
sertation, University of Michigan.

Perry, S.E. 1996a. [ntergroup encounters in wild white-faced capuchins, Cebus capucinus. It J. Primatol, 17
309-330.

Perry, 5.E. 1996b. Female-female relationships in wild white-faced capuchin monkeys. Cebus capucinus. Am. J.
Primated. 40:167-182.

Perry, $.E., and Rose, L.M. 1994, Bepging and transfer of coati meat by white-faced capuchin monkeys, Cebus
capucinus. Primates 35; 409415,

Phillips, K.A., Bernstein, 1.S., Dettmer, E.L. Devermann, H., and Powers, M. 1994, Sexual behavior in brown
capuchins (Cebus apefla). Int. J. Primatod. 15: 507-917.

Robinson, J.G. 1979, Correlates of urine-washing in the wedge-capped capuchin, Cebus nigrivitarus,” in JF. Eis-
enbery (ed), Vertebrate Ecology in the Northern Neotropics, pp. 137-143. Smithsoman Institution Press,
Washington D.C.

Robinsen, J.G. 1988, Demography and group structure m wedge-capped capuchin monkeys, Cebus ofivaceus. Be-
haviour 104: 202:232.

Robinson, J.G. 1993. Allogrooming behavior among female wedge-capped capuchin monkeys. Anim. Behav. 46
499510,



228 L. M. Fedigan er al,

Rose, L.M. 1994a. Sex differences in diet and foraging in white-faced capuchins. fne. J Primatof 15; 95114,

Rose, L.M. 1994b. Benefits and costs of resident males to females in white-faced capuchins 4m. J Primatol. 32:
235248,

Rose, L.M. 1996. Socio-ecology of meat eating and food sharing in Pan and Cebus. Abstract 001E of the XVith
Congress of the International Primatological Society and XTXth Conference of the American Socicty of
Pnmatology, August | 1-16. 1996, Madison, WI.

Rosenberger. A L. 1992, Evolution of feeding niches in new world monkeys. Am. .J. Phys. Anthropol. 88:525-562.

Silva, B.T.F., Sampaio, M.1.C_, Schneider, H., Schneider, M.C.. Montoya, E.. Encamacion, F.. Callegiari-Jacques,
$.M., and Salzano. F.M. 1993, Protein elcctrophoretic variability in Saimiri and the guestion of its species
status. Am J. Primatol. 29:183-193,

Spomsel, L.E., Brown, D.5., Bailey, R.C.. and Muttermeier, R.A. 1974, Evaluation of squirre! monkey ranching in
Santa Sophia Island, Amaronas, Colombia. fat. Zoo ¥rbk. 14:233-240.

Terborgh, . 1983, Five New World Monkevs. Princeton University Press. Princeton., N.J.

Thorington, RW. 1985, The taxonomy and distribution of squirrel monkeys. in: L.A. Rosenblum and €. Coe
{eds.). Handbook of Squirrel Monkey Research, pp. 1-33. Plenum Publishing, New York.

deWaal, F. Luttrell, L.M., and Canfield, M.E. 1993, Preliminary data on voluntary food sharing in brown capuchin
monkey. Am. J. Primatol, 29: 73-78.

Visulbergh, E. 1988. Responsiveness to nhjects in nvo social groups of tufted capuchin monkers (Cebus apelia).
Am_ . Primatol 15 347360,

Visalberghi, E. 1990, Tool use in Cebus. Folia Primatol. 54. 146154,

Visalberghi, E., and Fragaszy. D.M. 1990. Food-washing behavior in tufled capuchin monkeys, Cebus apella. and
crab-eating macaques, Macaca fascicularis. Amm Behav, 40: 8294836

Westergaard, G.C., and Suomi, 8.). 1994a. Hierarchical ¢complexty of combinatorial manipulation in capuchin
monkeys { Cebus apelia). 4m. J. Primarel. 32: 171-176.

Westergaard, G.C., and Suom, S.J. 1994b. Asymmetrical manipulation in the use of tools by tufied capuchin mon-
keys (Cebus apella). Folia Primatol. 63: 96-98.



