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Callitrichines
The Role of Competition in Cooperatively Breeding Species

Leslie J. Digby, Stephen F. Ferrari, and Wendy Saltzman

INTRODUCTION

The callitrichines are best known for their suite of repro-
ductive and behavioral characteristics that are unusual or
unique among the primates. Social suppression of repro-

o

duction, postpartum ovulation, twinning, cooperative care of
young, and flexible mating systems make this a useful group
of animals for testing hypotheses about the evolution of
reproductive strategies and social systems. In addition, these
species are characterized by claw-like nails on all digits but
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the hallux, two molars instead of the three typical of
platyrrhines (2.1.3.2 dental formula, except in Callimico),
small body size (from 120 g in Cebuella to 650 g in
Leontopithecus), and dramatic variation in coloration, ear
tufts, and even “mustaches” (detailed physical descriptions
in Eisenberg and Redford 1999). When reviewed by
Goldizen (1987a), information on these species in the wild
was limited to five long-term studies, most of which focused
on the genus Saguinus (e.g., Dawson 1978, Neyman 1978,
Terborgh and Goldizen 1985). The past two decades have
witnessed a surge of work on the subfamily Callitrichinae,
including field studies of several species for which little or
no data were available 15 years ago (e.g., Callimico goeldii,
Porter et al. 2001, Callithrix geoffroyi, Passamani and
Rylands 2000, Leontopithecus spp., Kleiman and Rylands
2002, Saguinus tripartitus, Kostrub 2003). Nevertheless, in-
tensive long-term ecological and behavioral studies are still
restricted to just over a dozen species (e.g., Rylands 1993a,
Kleiman and Rylands 2002), and the majority of taxa, in-
cluding the 10 newly described species and subspecies
(Rylands et al. 2000), are known primarily from general sur-
veys or initial species descriptions.

Field studies of callitrichines have investigated topics as
diverse as cognitive mapping (Bicca-Marques and Garber
2001), the influence of color vision polymorphism on forag-
ing behavior (Caine et al. 2003, Smith et al. 2003), repro-
ductive endocrinology (Savage et al. 1997, French et al.
2003), foraging biomechanics (Hourani et al. 2003, Vinyard
et al. 2003), nutritional content of food (Heymann and
Smith 1999, Smith 2000), and genetics (Nievergelt et al.
2000, Faulkes et al. 2003). Field data have been comp-
lemented by laboratory studies on energetics (Genoud et al.
1997, Power et al. 2003), nutrition and digestion (Power
et al. 1997, Ullrey et al. 2000), phylogenetics (Barroso et al.
1997, Seuanez et al. 2002), neuroendocrine and behavioral
control of reproduction (Abbott et al. 1998, Saltzman 2003),
and ovulation and pregnancy using ultrasonography (Jaquish
et al. 1995, Oerke et al. 2002), as well as many biomedically
oriented studies of reproduction, immune response, and
disease (reviewed in Mansfield 2003).

Our goal here is to summarize the most recent infor-
mation available on the behavior, ecology, and reproduction
of callitrichine primates, with an emphasis on comparisons
among genera. We then examine the extent to which com-
petition plays a role in social interactions and reproductive
success in these cooperatively breeding primates.

TAXONOMY AND DISTRIBUTION

Taxonomy

The systematics of the Platyrrhini has undergone extensive
revision at all levels since the classic review of Hershkovitz
(1977), and the callitrichines have been among the most
controversial taxa. Because it combines morphological,
genetic, and ecological perspectives, the recent revision by

o

Rylands et al. (2000, see also Groves 2001) is perhaps most
representative of the current consensus and is followed here
(see Appendix 6.1). According to these authors, the sub-
family Callitrichinae is a monophyletic group containing six
genera [Callimico (Goeldi’s monkey), Callithrix (Atlantic
marmosets), Cebuella (pygmy marmoset), Leontopithecus
(lion tamarins), Mico (Amazonian marmosets), and Saguinus
(tamarins)], with a total of 60 species and subspecies. We
will also include the newly proposed genus name Callibella
for the dwarf marmoset (van Roosmalen and van Roosmalen
2003).

Callimico goeldii has posed the major problem for cal-
litrichine taxonomists. Its small body size and claw-like
nails are characteristic of callitrichines, but its third molar
and singleton births are typical of the larger-bodied
platyrrhines. This led to the monospecific genus being
placed at various times within the Callitrichidae (Hill 1957,
Napier and Napier 1967), the Cebidae (Cabrera 1958,
Simons 1972), or even its own family, the Callimiconidae
(Hershkovitz 1977). The current, widely held consensus is
that Callimico is a true, albeit atypical, callitrichine. This is
strongly supported by a number of recent molecular studies
(Schneider and Rosenberger 1996, Tagliaro et al. 1997,
Canavez et al. 1999, von Dornum and Ruvolo 1999) that
clearly place Callimico as a sister group of the marmosets
(Callithrix, Mico, Callibella, and Cebuella).

The marmosets have also been the subject of recent
taxonomic revisions. Rosenberger (1981) proposed that
Cebuella should be included within the genus Callithrix.
This view has been supported by many genetic studies (e.g.,
Canavez et al. 1999, Tagliaro et al. 2000) but never widely
accepted. Schneider and Rosenberger (1996) and Rylands
et al. (2000) not only excluded this proposition but instead
reinstated the genus Mico, which is equivalent to
Hershkovitz’s (1977) Amazonian Callithrix argentata group.
The inclusion of Mico avoids paraphyly and is consistent
with differences in the dental morphology of Callithrix and
Mico as well as with their allopatric distribution. Recent
studies of Amazonian marmosets (Corréa et al. 2002,
Gongalves et al. 2003) have adopted the new arrangement.

The newest genus to be added to the callitrichine sub-
family is Callibella (van Roosmalen and van Roosmalen
2003). Although it was originally included in Mico, detailed
genetic and morphological studies of the recently described
black-crowned dwarf marmoset (intermediate in size be-
tween Cebuella and Mico) (van Roosmalen et al. 1998)
support the creation of the new genus (Aguilar and Lacher
2003, van Roosmalen and van Roosmalen 2003).

Distribution

Current knowledge of the zoogeography of the callitrichine
genera is little changed from that reviewed by Hershkovitz
(1977). Perhaps the most significant alteration has been
the extension of the southern limit of the range of
Leontopithecus, following the discovery of Leontopithecus

o
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Figure 6.1 Distribution map of the Callitrichinae (based on Rylands
et al. 1993, Eisenberg and Redford 1999, van Roosmalen and van
Roosmalen 2003, Infonatura 2004).

caissara in the southern Brazilian state of Parana (Lorini
and Persson 1990). Leontopithecus species are now found in
four distinct areas, corresponding to the geographic ranges
of the four known species (Fig. 6.1).

Two genera, Callimico and Cebuella, have roughly
equivalent geographic ranges in western Amazonia. Recent
studies (van Roosmalen and van Roosmalen 1997, Ferrari
et al. 1999) have confirmed that both genera range as far east
as the left bank of the Madeira, where they are potentially
parapatric with Mico.

Saguinus is sympatric with Callimico and Cebuella
throughout their distributions but also ranges much farther
north and east. There is now confirmation of sympatric zones
between Saguinus and Mico on the upper Madeira River
(Schneider et al. 1987) as well as the lower Toncantins—
Xingu interfluviam (Ferrari and Lopes Ferrari 1990).

Marmosets of the genus Mico are found in the southern
Amazon Basin between the Madeira and the Tocantins Rivers
and as far south as northeastern Paraguay (Hershkovitz 1977).
The newly described Callibella also inhabits the area west
of the Rio Aripuana and overlaps with at least one Mico
species. Callithrix ranges farther south and east than Mico.
This includes sympatry with Leontopithecus chrysomelas
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and L. rosalia in some regions (Rylands 1989), though pre-
ferences for high or low elevation may limit range overlap.

ECOLOGY

Habitat

As might be expected from their wide geographic distri-
bution, callitrichines inhabit a wide variety of neotropical
habitats, with correspondingly variable patterns of occu-
pation. There are some general ecological differences among
the genera, with Callithrix and Mico tending to form larger
groups, to occupy smaller home ranges, and consequently,
to have higher population densities than Saguinus and
Callimico. However, home range size and population density
vary by up to two orders of magnitude not only within the
Callitrichinae but also within some genera (Table 6.1).
Consequently, it is difficult to identify genus-specific or
even species-specific patterns, especially where data are
based on observations of a single group or population.

The key factor determining differences between mar-
mosets and tamarins appears to be the marmosets’ morpho-
logical specializations for the dietary exploitation of plant
exudates (e.g., gums and saps) (Ferrari 1993). The ability
to exploit exudates systematically as a substitute for fruit
throughout the year allows marmosets to inhabit resource-
poor or highly seasonal habitats in which tamarins may
be unable to survive. Such habitats include not only the
wooded ecosystems of the Cerrado, Caatinga, and Chaco
biomes and Amazonian savannas but also forests that have
suffered intense anthropogenic disturbance. Distributed
throughout tropical Brazil south of the Amazon, marmosets
—in particular Callithrix jacchus and C. penicillata—can
thrive in such unlikely habitats as city parks, backyards,
and even coconut plantations (Rylands and de Faria 1993,
L.J. D. and S. F. F., personal observation). Callibella takes
this ability to make use of disturbed habitats to an extreme
and may be dependent on human occupation of a habitat
(e.g., the presence of orchards and gardens) (van Roosmalen
and van Roosmalen 2003).

Cebuella, in contrast to Callithrix and Mico, appears to
be a habitat specialist. It may reach extremely high ecologi-
cal densities in riparian forest but is usually absent from
neighboring areas of ferra firma forest (Soini 1988). This
unusual distribution pattern appears to be related to
Cebuella’s specialization for exudativory (groups may in-
habit a single gum tree for long periods) and the avoidance
of competition with sympatric callitrichines. In this context,
the apparent specialization of Cebuella can be interpreted as
an accentuated preference for a marginal habitat type, which
may be relatively unsuitable for other callitrichines.

Ranging Patterns

With regard to both home range size and population density,
the major division between Callithrix and Mico appears to
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Table 6.1 Habitat, Home Range, and Daily Path Length
HOME DAILY PATH HOME RANGE
SPECIES AND LOCATION HABITAT! RANGE (HA) LENGTH (M/DAY) OVERLAP (%) REFERENCES
Callimico goeldii
Pando, Bolivia SC 30-150 Approx. 2,000 Pook and Pook 1981, Porter 2001a
Virazon, Bolivia RV 45-50 Christen 1999
Callithrix jacchus
Jodo Pessoa, Brazil AF (2) 2-5 1,300 Maier et al. 1982, Alonso and Langguth 1989
Nisia Floresta, Brazil AF (2) 0.7-5.2 912-1,243 46-86 Digby and Barreto 1996, Castro 2000
Dois Irméos, Brazil AF (2) 411 23-99 Mendes Pontes and Monteiro da Cruz 1995
C. penicillata
Brasilia, Brazil G 3.5 de Faria 1986
C. aurita
Cunha, Brazil AF (2) 35.3 958.8 15 Ferrari et al. 1996
Fazenda Lagoa, Brazil SC 16.5 986 Martins 1998
C. flaviceps
Caratinga, Brazil AF (2) 33.86-35.5 883.8-1,222.5 80 Ferrari 1988, Ferrari et al. 1996, Corréa
et al. 2000, Guimardes 1998
C. kuhlii
Lemos Maia, Brazil WS 10 830-1,120 50 Rylands 1989
Cebuella pygmaea
Peru V 0.1-0.5 280-300 0 Soini 1982, 1988; Heymann and Soini 1999
Ecuador TF 0.4-1.09 de la Torre et al. 2000
Mico intermedius
Mato Grosso, Brazil ED 22.1 772-2,115 22 Rylands 1986a
M. argentatus
Tapajos, Brazil WS 4-24 Albernaz and Magnusson 1999
Caxiuana, Brazil AM 35 Veracini 2000
Saguinus fuscicollis
Manu, Peru AM (1) 30-1002 1,220 Terborgh 1983, Goldizen 1987a
Rio Blanco, Peru AM (L) 40 1,849 23 Garber 1988
Rio Urucu, Brazil TF 149 1,150-2,700 76 Peres 2000
S. f. weddeilli
Cachoeira Samuel, Brazil TF 44+ 1,312 Lopes and Ferrari 1994
S. imperator
Manu, Peru AM (1) 30-1002 1,420 Terborgh 1983, Goldizen 1987a
S. mystax
Rio Blanco, Peru AM (L) 402 1,946 23 Garber 1988
Quebrada Blanco, Peru AM 41-45 1,500-1,720 Heymann 2000, 2001
S. niger
Caxiuana, Brazil AM 35 Veracini 2000
S. midas midas
French Guiana AM (H) 31.1-42.5 Day and Elwood 1999
S. tripartitus
Tiputini, Ecuador AM 16-21 500-2,300 Kostrub 2003
Leontopithecus rosalia
Poco das Antas, Brazil AF (2) 21.3-73 955-2,405 61 Dietz et al. 1997, Peres 2000
Fazenda Unido, Brazil AF 65-229 1,873-1,745 Kierulff et al. 2002
L. caissara
Superagiii, Brazil AF 125.5-300 1,082-3,398 Prado 1999a,b as cited in Kierulff et al. 2002
L. chrysomelas
Lemos Maia, Brazil WS 36 1,410-2,175 7 Rylands 1989
Una, Brazil AF 66-130.4 1,684-2,044 Approx 10-14 Dietz et al. 1994b, Keirulff et al. 2002,
Raboy and Dietz 2004
L. chrysopygus
Morro do Diabo, Brazil AF (1) 113-199 1,362-2,088 Valledares-Padua 1993, Valledares-Padua and
Cullen 1994 as cited in Kierulff et al. 2002
Caetetus, Brazil SC 276.5-394 1,164-3,103 Passos 1997 as cited in Kierulff 2002, Passos 1998

I AF, Atlantic Forest; AF (2), secondary Atlantic Forest; AF (1), interior Atlantic Forest; SC, sandy clay forest; RV, riverine forest; G, gallery/Cerrado

forest;

TF, terra firma forest; V, Varzea; ED, evergreen dryland forest; AM, Amazonian forest; AM (L), Amazonian lowland forest; AM (H), Amazonian highland

forest; WS, white-sand forest.

2 Home range of mixed groups (two species) of tamarins.
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lie not between the two genera but between patterns charac-
teristic of C. jacchus and C. penicillata and the remaining
species. Typically, C. jacchus and C. penicillata occupy home
ranges of less than 10 ha, with correspondingly high popu-
lation densities. Other marmosets (Table 6.1) tend to occupy
much larger home ranges (up to 35 ha) with correspondingly
lower population densities. However, the data available for
Mico argentatus indicate that this species may be more
similar to C. jacchus and C. penicillata, at least under equiv-
alent ecological conditions (i.e., forest patches in savanna
ecosystems and anthropogenic fragments) (Albernaz and
Magnusson 1999, Corréa et al. 2002, Gongalves et al. 2003).
With additional data on the ecology of these species, we
may find that observed differences are more closely related
to habitat characteristics than to taxon-specific variables.

These findings implicate habitat quality as a primary de-
terminant of home range size and, consequently, population
density. For marmosets, the key factors are likely to be the
availability of exudate sources and arthropod abundance.
Because many gum-producing plants (e.g., Leguminosae,
Vochysiaceae) are abundant in the habitats favored by
marmosets, arthropod abundance is probably the limiting
factor. This may account for the relatively large home
ranges recorded for C. aurita and C. flaviceps, which occur
in comparatively seasonal ecosystems in which arthropods
may be relatively scarce.

Home range sizes of Saguinus and Leontopithecus are
highly variable, with some species and populations showing
small home ranges similar to those of the marmosets and
others extending to over 100 ha (Table 6.1). The larger
home ranges and correspondingly lower population den-
sities are consistent with the tamarins’ relatively high degree
of frugivory (Tables 6.1 and 6.2). Callimico shows a similar
pattern of large home range and relatively small group size
(Tables 6.1 and 6.3), in spite of its ability to utilize fungus
during periods of fruit scarcity (Porter 2001b).

Population densities of both Callithrix and Leontopithecus
decrease farther south, where climate and, presumably,
resource abundance are far more seasonal. Once again,
differences are disproportionate relative to differences in
body size, with home ranges reported for L. caissara and
L. chrysopygus being the largest for any callitrichine (Passos
1998, Prado 1999b as cited in Kierulff et al. 2002). It is in-
teresting to note, however, that L. rosalia may be relatively
abundant in anthropogenic forest patches, with home range
sizes similar to those recorded for C. aurita and C. flaviceps
(Table 6.1).

Territoriality

Callitrichines typically respond to intergroup exchanges
with vocalizations, chases, and occasionally physical ag-
gression (Hubrecht 1985; Garber 1988, 1993a; Peres 1989,
Lazaro-Perea 2001; but see also van Roosmalen and van
Roosmalen 2003). While such intergroup aggression can be
interpreted as territoriality (e.g., Peres 1989, Lazaro-Perea
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2001), the high degree of overlap between home ranges in
some species (e.g., up to 80%—-90% in C. jacchus; Mendes
Pontes and Monteiro da Cruz 1995, Digby and Barreto
1996) (Table 6.1) may indicate that these behaviors are being
used primarily for mate defense or defense of a specific set
of currently fruiting trees or exudate sources (e.g., Garber
1988, 1993a; Peres 2000). Intergroup interactions may also
serve a second function in allowing individuals to monitor the
composition and status of neighboring groups and to assess
possible mating opportunities (Digby 1992, Ferrari and Diego
1992, Goldizen et al. 1996, Schaffner and French 1997,
Lazaro-Perea 2001, Kostrub 2003; see below).

Mixed-Species Troops

The presence of mixed-species troops (two or more spe-
cies associating in a nonrandom fashion, often coordinating
activities; e.g., Pook and Pook 1982) plays an important
role in the ecology of several callitrichine species. To date,
all mixed-species troops include Saguinus fuscicollis inter-
acting with either S. mystax, S. imperator, S. labiatus, or
Mico emiliae (reviewed in Heymann and Buchanan-Smith
2000). At some sites, two of the Saguinus species also associ-
ate with Callimico (e.g., Porter 2001b). Though expected
to generate costs due to niche overlap, mixed-species troops
appear to limit competition via differential use of forest strata
and foraging techniques (Terborgh 1983, Heymann and
Buchanan-Smith 2000). Potential benefits include increased
protection from predators, increased foraging efficiency (in-
cluding increased insect capture rates), and resource defense
(reviewed in Heymann and Buchanan-Smith 2000).

Foraging Behavior

Exudates

In the wild, callitrichines are known to exploit a wide
variety of food types, avoiding only non-reproductive plant
parts such as leaves and bark (Garber 1993a,b, Rylands and
de Faria 1993, Digby and Barreto 1998, Heymann and
Buchanan-Smith 2000, Smith 2000, Porter 2001b, Kierulff
et al. 2002) (Table 6.2). The principal feature of callitrichine
diets is their variety, and the only clear taxon-specific pattern
is the marmosets’ use of plant exudates (primarily gums,
with some sap) as a dietary staple. All callitrichines eat
some exudates, but Callithrix, Mico, and Cebuella are
morphologically specialized for the systematic harvesting
and digestion of gum and are thus able to sustain high levels
of exudativory throughout the year (Ferrari 1993).

The marmosets’ specializations for exudativory include
elongated, chisel-like lower incisors and a wide jaw gape that
permit them to gouge through the bark of gum-producing
plants, thus provoking exudate flow (Hershkovitz 1977,
Vinyard et al. 2001, 2003). Gums contain complex polysac-
charides, a potentially high-energy source but one which
cannot be broken down enzymatically by other mammals
(reviewed in Power and Oftedal 1996, Heymann and Smith
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Table 6.2 Diet

% TIME FEEDING ON

% TIME
FORAGING REPRODUCTIVE ANIMAL
SPECIES AND LOCATION AND FEEDING PLANT PARTS! EXUDATES PREY OTHER REFERENCES

Callimico goeldii
Pando, Bolivia 15 29 1 33 29 (fungus), Porter 2001b, 2004
27 (unknown)

Callithrix jacchus

Joao Pessoa, Brazil 27 18.1 76.4 5.4 12.9 (fungus) Alonso and Langguth 1989

Nisia Floresta, Brazil 43 23 68 9 Digby (unpublished data)
C. aurita

Cunha, Brazil 17 40.5 30 29.5 2 (fungus) Corréa et al. 2000

Fazenda Lagoa, Brazil 6 11 50.5 38.5 Martins and Setz 2000
C. flaviceps

Caratinga, Brazil (1) 14.4 65.7 19.9 Ferrari et al. 1996

Caratinga, Brazil (2) 11.8 2.0 83.2 14.7 Corréa et al. 2000
C. kuhlii

Lemos Maia, Brazil 23 58.2 28.3 13.5 Rylands 1989, Corréa et al. 2000
C. geoffroyii

Espirito Santo, Brazil 21 15 68.6 15.4 Passamani 1998, Passamani and Rylands 2000
Cebuella pygmaea

Rio Nanay, Peru 482 Minor 67 33 Ramirez et al. 1977
Mico intermedius

Mato Grosso, Brazil 74.9 15.5 9.6 Rylands 1982 as cited in Corréa et al. 2000
M. argentatus

Caxiuana, Brazil 36 59 5 Veracini 1997 as cited in Corréa et al. 2000
Saguinus fuscicollis

Quebrada BI., Peru 64.2 30.3 5.8 Knogge and Heymann 2003

Rio Blanco, Peru 12.9 39.2 7.6 53.1 Garber 1988

Pando, Bolivia 63 12 26 6 (unknown) Porter 2001b
S. f. weddeilli

Cachoeira Samuel, Brazil 9.8 69.6 15.8 7.3 Lopes and Ferrari 1994
S. labiatus

Pando, Bolivia 73 8 1" 8 (unknown) Porter 2001b
S. mystax

Quebrada Blanco Peru 77.6 19.8 2.7 Knogge and Heymann 2003

Rio Blanco, Peru 13.1 50.6 1.5 47.8 Garber 1988
S. niger

Fazenda Vitoria, Brazil 87.5 3.1 9.4 Oliveira and Ferrari 2000

Caxiuana, Brazil 17.6 711 23.81 4.5 Veracini 2000
S. tripartitus

Tiputini, Ecuador 62 12 21 5 (unknown) Kostrub 2003
Leontopithecus rosalia

Poco das Antas, Brazil 18.5 83.5 1.4 14.9 Dietz et al. 1997

Unido, Brazil 10.4 84.6 0 15.4 Kierulff 2000 as cited in Kierulff et al. 2002
L. caissara

Superagiii, Brazil 29.42 75.5 1.3 10.3 12.9 (fungus) Prado 1999b as cited in Kierulff et al. 2002
L. chrysomelas

Lemos Maia, Brazil 27 74-89,3 3-1138 13-15 Rylands 1989

11 flowers

L. chrysopygus

Morro do Diabo, Brazil 6-10 78.5 7.8 13.5 Valladares-Padua 1993 as cited in Kierulff

et al. 2002
Caetetus, Brazil 29.9 74.7 15.2 10.1 Passos 1999 as cited in Kierulff et al. 2002

! Includes fruit, seeds, flowers, and nectar.
2 Includes foraging.
3 Percent of plant records only; flowers made up 0%—20% of monthly diet (percent overall diet not reported).
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Table 6.3 Group Size, Composition, and Mating Patterns
GROUP ADULT ADULT MATING
SPECIES SIZE MALES FEMALES PATTERNS! REFERENCES
Callimico goeldii 4-12 1-3 1-3 M/PG/PA Reviewed in Porter 2001a
Callibella humilis 6-8 M?/PG van Roosmalen and van Roosmalen 2003
Callithrix jacchus 3-16 2-7 2-6 M/PG/PGA Barreto 1996, Digby and Barreto 1996,
Lazaro-Perea et al. 2000, Faulkes et al. 2003
C. penicillata 3-13 3 2 Reviewed in de Faria 1986
C. aurita 4-11 1-2 2-3 M/PG Ferrari et al. 1996, Martins and Setz 2000
C. flaviceps 5-20 3-5 1-6 M/PG Ferrari and Diego 1992, Coutinho and Corréa 1995, Guimaraes 1998
C. geoffoyi 2-8 2 1 Passamani 1998, Chiarello and de Melo 2001, Price et al. 2002
C. kuhlii 5 2 1 Rylands 1989
Cebuella pygmaea 2-9 1-2 1-2 M/PG?2 Soini 1982, 1988; Heymann and Soini 1999; de la Torre et al. 2000
Mico intermedius 9-15 2-3 2-5 M/PA Rylands 1986b
M. argentatus 6-10 1-3 1-2 Albernaz and Magnusson 1999, Tavares and Ferrari 2002
Saquinus fuscicollis 2-10 1-4 1-2 M/PA/ Goldizen 1987a,b 2003; Garber 1988; Porter 2001a;
PG/PGA Heymann 2001
S. f. weddelli 4-11 1-2 1-2 M/PG Garber and Leigh 2001, Buchanan-Smith et al. 2000,
Lopes and Ferrari 1994
S. mystax 3-11 1-4 1-2 M/PG3 Garber 1988, Heymann 2000, Smith et al. 2001
S. niger 5-7 3-4 1 Oliveira and Ferrari 2000
S. labiatus labiatus 2-13 2 1 Buchanan-Smith et al. 2000, Garber and Leigh 2001
S. oedipus 2-10 M/PG? Savage et al. 1996a
S. tripartitus 2-9 1-4 1-2 PA Heymann et al. 2002, Kostrub 2003
Leontopithecus rosalia 2-11 0-5 0-4 M/PA/PG Baker et al. 1993, Dietz and Baker 1993
L. caissara 4-7 Prado 1999a
L. chrysomelas 3-10 1-3 1-3 M/PG Dietz et al. 1994b, Baker et al. 2002, Raboy and Dietz 2004
L. chrysopygus 2-7 <2 <2 Passos 1994, reviewed in Kierulff et al. 2002

! Designations are based on reports from the field (direct observation of copulations and/or birth unless otherwise noted). M, monogamy; PG, polygyny;

PA, polyandry; PGA, polygynandry.
2 PG based on short interbirth interval.
3 PG based on presence of pregnant females.

1999). Marmosets are able to digest gums more efficiently
than other callitrichines because their intestines have a com-
paratively enlarged and complex cecum (e.g., Ferrari and
Martins 1992, Ferrari et al. 1993), allowing for relatively
slow gut passage rates and microbial fermentation (Power
and Oftedal 1996). Once digested, plant gums provide not
only carbohydrates but also minerals (particularly calcium)
and proteins (Garber 1984, Smith 2000).

Saguinus, Leontopithecus, and Callimico are opportunistic
gummivores. Though exudates may provide as much as half
of the diet during some periods (Porter 2001b), this is in-
variably a temporary phenomenon and exudates are never a
dietary staple. Saguinus has been observed parasitizing
gouge holes made by Cebuella (Soini 1988), but most exu-
date sources are either rare (broken branches) or seasonal
(e.g., insect bore holes, Parkia pendula fruit pods; Garber
1993a). In addition, the digestive tracts of Saguinus and
Leontopithecus are notspecialized for gum consumption,
decreasing their digestive efficiency (Ferrari and Martins
1992, Power and Oftedal 1996). One compensatory strategy
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may be to concentrate gum feeding in the late afternoon,
which allows longer retention time (overnight) and, presum-
ably, better absorption of nutrients (Heymann and Smith
1999).

Fruits, Nectar, and Fungus

Fruit is the primary food item for many callitrichine species,
especially among Saguinus and Callimico. Callitrichines
typically exploit relatively small fruit patches, characteristic
of the lower forest strata, and prefer disturbed and edge
habitats (thus reducing competition with larger-bodied
primates). Fruit can be a highly seasonal resource, espe-
cially in habitats of low diversity. Because Saguinus and
Leontopithecus are unable to compensate systematically for
fruit scarcity by gouging exudate sources, they are espe-
cially vulnerable to such seasonality. Small body size limits
the potential for the exploitation of nonreproductive plant
parts, as indicated by the lack of reports of folivory
(Table 6.2). As a last resort under extreme seasonal fruit
scarcity, Saguinus may turn to resources such as nectar
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(Terborgh and Goldizen 1985). Although relatively nutrit-
ious, nectar is normally available in quantities too small to
be harvested adequately by vertebrates as large as Saguinus.

Another potential alternative resource is fungus, which
may contribute significantly to the diet of some species
(Callimico, Porter 2001b; C. aurita, Corréa et al. 2000)
during certain parts of the year. It is interesting to note that,
while fungi (including types of jelly and bamboo fungus)
are a dietary staple of Callimico in some months, they
are not exploited by sympatric tamarins (S. fuscicollis and
S. labiatus), reinforcing the role of divergent diets in reduc-
ing competition in these species (Porter 2001b).

Availability of fruit tends to correlate with arthropod
abundance, with both resources relatively scarce during the
dry season. While seasonal fluctuations in resource abundance
are faced by all primates, their effects may be relatively severe
for callitrichines because of their small body size and high
metabolic rate. Goldizen et al. (1988), for example, found
that resource scarcity in the dry season resulted in potentially
deleterious weight loss in S. fuscicollis. Thus, specialization
for gum feeding among the marmoset genera may be the de-
cisive factor permitting them to reproduce at 5- to 6-month
intervals (Ferrari 1993, Ah-King and Tullberg 2000), in
contrast with other callitrichines, which normally produce
only one litter per year (but see Smith 2000).

Prey

Animal material, predominantly arthropods, is the third
major component of callitrichine diets. Typical arthropod
prey species are large-bodied and mobile and generally
depend on camouflage as a predator-avoidance strategy. The
characteristic callitrichine foraging behavior is the stealthy
“scan and pounce” technique (Soini 1988, Ferrari 1993,
Rylands and de Faria 1993, Porter 2001b). In addition, cal-
litrichines will often pursue disturbed prey that has fallen to
the forest floor (Rylands and de Faria 1993).

Extractive foraging is an important strategy for both
S. fuscicollis and Leontopithecus species. In both cases, the
animals spend a relatively large proportion of foraging time
investigating concealed hiding places manually, rather than
visually. For S. fuscicollis, the manipulative investigation of
substrates, such as bark crevices, on vertical supports in the
lower strata of the forest appears to be a key factor in niche
separation with sympatric tamarin species (Terborgh 1983,
Heymann and Buchanan-Smith 2000). Extractive foraging
is also thought to contribute to more complex cognitive
abilities (e.g., Gibson 1986, Day et al. 2003).

In addition to arthropods, vertebrates (e.g., nestlings,
small lizards, and frogs) are included in callitrichine diets
(Ferrari 1988, Digby and Barreto 1998, Smith 2000, Porter
2001b, Kierulff et al. 2002) (Table 6.2). All large prey, but
especially vertebrates, are highly valued food items; and
their capture almost invariably provokes solicitation from
younger group members, resulting in a variety of social in-
teractions ranging from passive food transfer to agonistic
behavior (Digby and Barreto 1998).

o

REPRODUCTION

Reproductive Potential

Callitrichines are characterized by a collection of traits that
results in a high reproductive potential for some females
while at the same time restricting breeding opportunities for
others. All species studied, with the exception of Callimico
goeldii and possibly Callibella humilis, typically ovulate
multiple ova and produce litters of two or more infants. In
captivity, 50%—80% of litters comprise dizygotic twins, with
the remainder comprising singletons, triplets, or, less fre-
quently, quadruplets (Ziegler et al. 1990a, Baker and Woods
1992, Tardif et al. 2003, De Vleeschouwer et al. 2003). Only
rarely, however, do more than two infants survive from a
single litter. Ovulation number correlates with maternal
body mass and thus may vary in response to maternal nu-
tritional status (e.g., C. jacchus, Tardif et al. 2003).

Callitrichines typically ovulate and may conceive within
2—4 weeks after giving birth (Heistermann and Hodges 1995,
French et al. 2002, Tardif et al. 2003). Unlike other primates,
ovulation in these species is not inhibited by lactation,
although postpartum ovulation may be delayed slightly in
females nursing more than one infant (Ziegler et al. 1990b,
Baker and Woods 1992) (Table 6.4). Combined with ges-
tation lengths ranging from 125 days in Leontopithecus
spp. to 184 days in Saguinus oedipus (Ziegler et al. 1987a,
French et al. 2002) (Table 6.4), this pattern allows breeding
females to produce litters at approximately 5- to 6-month in-
tervals. Most species frequently produce two litters per year
in captivity, and most genera (Callithrix, Mico, Cebuella,
and Callimico) also do so in the wild (Stevenson and
Rylands 1988, Soini 1993, Digby and Ferrari 1994, Porter
2001a). Leontopithecus and Saguinus, in contrast, typi-
cally breed only once per year in the wild, with most births
clustered during the first half of the rainy season, corre-
sponding with the period of maximal fruit availability
(Snowdon and Soini 1988, Ferrari and Lopes Ferrari 1989)
(Table 6.4).

The reproductive potential of callitrichines is further
enhanced by rapid maturation in both males and females.
Females are typically capable of ovulation and conception
by 12-17 months of age (Table 6.4), while males produce
sperm by 13-18 months and can sire infants by 15-25
months (Abbott and Hearn 1978, Epple and Katz 1980,
Ginther et al. 2002). However, the onset of sexual maturity,
especially in females, is often obscured by social sup-
pression of reproductive function (see below). Ovarian cycles
last from approximately 19 days in L. rosalia to 28 days in
C. jacchus (Harlow et al. 1983, French and Stribley 1985)
(Table 6.4). Like other platyrrhines, callitrichines do not
menstruate and exhibit no conspicuous external signs of
ovulation. Sexual behavior can occur throughout the ovarian
cycle and pregnancy but is most common during the
periovulatory period (Kendrick and Dixson 1983, Converse
et al. 1995, Digby 1999, De Vleeschouwer et al. 2000a).

o
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Table 6.4 Reproductive Parameters (Based on Captive Animals, Unless Otherwise Noted; Average + Standard Error)
GESTATION AGE AT FEMALE CYCLE
LENGTH INTERBIRTH MATURITY LENGTH PEAK BIRTH POSTPARTUM
SPECIES (DAYS) INTERVAL (DAYS) (MONTHS)? (DAYS) PERIOD OVULATION2 REFERENCES
Callimico goeldii 151-152 Approx. 13 239+ 0.4 Sept-Nov (Bolivia) 22-23 Dettling 2002, Dettling and Pryce
1999, Pook and Pook 1981
Callithrix jacchus 143-144 162 Approx. 13 28.6 1.0 Weakly bi-modal, 10-20 Abbott and Hearn 1978, Digby and
most Oct-Feb Barreto 1993, Harlow et al. 1983,
Lazaro-Perea et al. 2000, Tardif
et al. 2003, Torii et al. 1987
C. kuhlii 143.1+ 1.6 156.3+£2.9 Approx. 12-15 249 0.6 13.6+1.2 French et al. 1996, Smith et al. 1997
Cebuella pygmaea 141.9 212.7 £122.3 15-17 28.6 £ 4.1 May-Jun, Oct-Jan 15.6 £ 4.1 Ziegler et al. 19904, Carlson et al.
(NE Peru) 1997, Spurlock 2002
Saguinus fuscicollis  149.8 £ 2.4 185 13 257+ 1.0 Nov-Feb (SE Peru) 17 £34 Epple and Katz 1980, Tardif et al.
1984, Goldizen et al. 1988,
Heistermann and Hodges 1995,
Kuederling and Heistermann 1997
S. oedipus 183.7 £ 1.1 240-267° 15-17 23.6t 1.2 Mar-Jun 16.5%+ 1.6 to French et al. 1983; Ziegler et al.
332.9 + 53.6 (field) (Colombia) 30.8 £ 5.23 1987a,b, 1990b; Baker and Woods
1992; Savage et al. 1997
Leontopithecus 125.0 182-2153 12-17 18.5+ 0.3 Sept-Nov Non-conceptive  French and Stribley 1985; French
rosalia 311 £ 11.2 (field) (SE Brazil) et al. 1989, 2002; Baker and Woods
1992; Dietz et al. 1994a;
Monfort et al. 1996
L. chrysomelas 1253+ 3.0 160.6-257.83 17 215+ 2.5 Oct-Apr (E Brazil) 17.3 £ 3.5, De Vleeschouwer et al. 2000a,b,
non-conceptive  2003; Bach et al. 2001;
French et al. 2002
L. chrysopygus 242 23.0+2.0 Non-conceptive  Wormell and Price 2001,

French et al. 2002

1 Age at which females first undergo ovulatory cycles or reproductive hormone elevations, especially when housed in the absence of a dominant female.
2 Days from parturition.
3 Depending on lactation, litter size, and/or origin of dam (see text).

Reproduction can continue into old age; however, ovulatory
cycles may become irregular or cease, and reproductive out-
put may decline in the oldest females (Tardif and Ziegler
1992, Tardif et al. 2002). Thus, while callitrichines have the
highest annual reproductive potential of any anthropoid pri-
mate, actual lifetime reproductive output is limited by their
relatively short reproductive tenure, relatively high infant
mortality rates, and suppression of reproduction in socially
subordinate individuals (Tardif et al. 2003).

Mechanisms of Reproductive Suppression

One of the most striking features of callitrichine repro-
duction is the monopolization of breeding by a single, be-
haviorally dominant female in most social groups. Although
similar breeding patterns are found throughout the callitri-
chine subfamily (French 1997), the underlying mechanisms,
particularly the relative contributions of physiological sup-
pression and behavioral inhibition, appear to differ across
genera. In captive Leontopithecus and Callimico, for example,
eldest daughters living with their natal families typically
undergo ovulatory cycles indistinguishable from those of
breeding females (Dettling and Pryce 1999, French et al.
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2002), suggesting that inhibition of sexual behavior is the
primary cause of reproductive failure. Among captive
Saguinus, in contrast, adult daughters routinely fail to ovu-
late while living with their natal families (Epple and Katz
1984, Ziegler et al. 1987b, Kuederling et al. 1995). Captive
Callithrix females appear to be intermediate, with up to 50%
or more of eldest daughters ovulating while living with their
natal families (Saltzman et al. 1997, Smith et al. 1997).
Endocrine studies of free-living callitrichines, however,
have not consistently supported findings from captivity. For
example, data on wild L. rosalia indicate that periods of
ovarian insufficiency occur in adult daughters living with
their natal families (French et al. 2003), whereas both
ovulatory cyclicity and pregnancy have been detected in
wild S. oedipus daughters (Savage et al. 1997).

The physiological, sensory, and behavioral determinants
of ovulation suppression have been investigated in several
species. Circulating or excreted concentrations of cortisol,
a stress-responsive hormone from the adrenal cortex, are
similar in dominant and subordinate females or, in some
cases, lower in subordinates (Saltzman et al. 1994, 1998;
Ziegler et al. 1995; Smith and French 1997), suggesting that
ovulation suppression cannot be attributed to generalized
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stress (Abbott et al. 1997). Instead, anovulation appears
to result from a specialized neuroendocrine mechanism
activated by specific social cues (Abbott et al. 1997). In
C. jacchus, anovulation in subordinate females is mediated
by suppression of luteinizing hormone (LH) secretion from
the anterior pituitary, which is associated with enhanced
negative feedback and diminished positive feedback effects of
estrogen. Hypothalamic secretion of gonadotropin-releasing
hormone (GnRH) does not appear to be altered by social
subordination, suggesting that pituitary responsiveness to
GnRH may be dampened (Abbott et al. 1997). Olfactory
cues from dominant females have been implicated in the
initiation and maintenance of ovulation suppression in
several species but may play a redundant role with other
cues (Epple and Katz 1984; Savage et al. 1988; Barrett et al.
1990; Abbott et al. 1993, 1998).

Reproductive failure in subordinate females can occur in
response to either intrasexual (i.e., rank-related suppression)
or intersexual (i.e., inbreeding avoidance) influences. The
specific roles of these two factors differ among species.
Captive S. oedipus females require cohabitation with an un-
related male in order to commence ovulatory cyclicity, even
after removal from the natal family (Widowski et al. 1990,
1992). Among captive C. jacchus females, in contrast, ovu-
lation suppression is determined by intrasexual dominance
relationships: daughters living with their families frequently
ovulate even in the absence of unrelated males but only
if they are not behaviorally subordinate to another female
(Saltzman et al. 2004; Alencar et al. unpublished obser-
vations). Nonetheless, C. jacchus daughters do not normally
engage in sexual behavior unless they have access to an
unrelated male (Saltzman 2003, Saltzman et al. 2004).

Male callitrichines, like females, engage in little or
no intersexual copulatory behavior while living with their
natal families. This appears to reflect inbreeding avoidance
rather than intrasexual, rank-related suppression and is
not generally associated with suppression of testosterone or
LH concentrations (French et al. 1989, Baker et al. 1999,
Ginther et al. 2001).

SOCIAL ORGANIZATION

Group Composition

Group composition in callitrichines varies from two to
20 individuals, with Mico and Callithrix species tending
to have larger groups than Saguinus, Callimico, or
Leontopithecus (Table 6.3). Cebuella tends to have the
smallest groups, with most containing a single breeding
pair and young (Soini 1982, 1988; de la Torre et al. 2000)
(Table 6.3). Solitary animals have been noted in several
populations, and male—female pairs appear to be rare and
not always successful at raising young (Terborgh and
Goldizen 1985, Goldizen 2003; see also Porter 2001a for
Callimico). Differences in group size across species are
likely tied to increased recruitment rates through biannual
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births in marmosets and to the diet and habitat preferences
of the different genera (Koenig 1995, Heymann 2000,
Goldizen 2003; see Ecology above). Intriguing preliminary
data on Callibella note that, while group size falls within
the typical callitrichine range (six to eight individuals),
aggregations of up to 30 individuals sometimes form (van
Roosmalen and van Roosmalen 2003).

Although some early reports indicated that group
membership could be dynamic, with individuals frequently
moving in and out of groups (e.g., Dawson 1978, Neyman
1978, Scanlon et al. 1988), more recent studies based on
direct follows of animals indicate more stable, extended
family groups (Ferrari and Digby 1996, Goldizen et al.
1996, Nievergelt et al. 2000, Baker et al. 2002; but see also
Garber et al. 1993). Typical of family groups, both sexes
may emigrate as individuals mature and as groups grow
in size (e.g., Goldizen et al. 1996, Porter et al. 2001, Baker
et al. 2002). In L. rosalia, some 60% of individuals born
into a group will have dispersed by 3 years of age and 90%
by 4 years of age (Baker et al. 2002). Of those individuals
that remain with their natal group, most become breeders
by the time they are 4 years old (Baker et al. 2002). Similar
patterns have been described for S. fuscicollis (Goldizen
et al. 1996). Although both sexes may disperse, males have
a higher probability than females of entering an established
group (Ferrari and Diego 1992; Baker et al. 1993, 2002;
Goldizen et al. 1996). Females may “float” as solitary
individuals waiting for a breeding vacancy in an already
established group, or they may form a new group with other
recent emigrants (Lazaro-Perea et al. 2000, Baker et al.
2002). Breeding takeovers by individuals within their natal
group are more likely to occur when unrelated mates are
available (Ferrari and Diego 1992, Goldizen et al. 1996,
Saltzman et al. 2004). The general pattern of extended
family groups with occasional immigration (typically, but
not always, into a breeding position) has been supported
by studies of genetic relatedness within C. jacchus groups
(Nievergelt et al. 2000), but periods of instability can result
in groups of mixed parentage (Faulkes et al. 2003).

Social Relationships

Groups are typically cohesive, and individuals often rest in
physical contact with one another and allogroom (Ferrari
1988, Alonso and Langguth 1989, Digby 1995b, Heymann
1996). Allogrooming has been described as asymmetrical in
at least some wild groups, with females typically receiving
more grooming than they perform and breeding individuals
of both sexes being favored grooming partners (Goldizen
1989, Digby 1995b, Heymann 1996, Kostrub 2003, Lazaroa-
Perea et al. 2004). Breeding females may be performing a
“service” that entices nonbreeding females to remain in the
group (Lazaro-Perea et al. 2004). There is no evidence that
breeding females preferentially groom one potential sexual
partner over another (Heymann 1996, Kostrub 2003).
Aggressive behavior in callitrichines is relatively rare (e.g.,
fewer than 0.1 acts/hr in S. mystax; Heymann 1996, Garber

o
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1997) and mild, typically consisting of cuffs, “arch walks,”
piloerection, chases, avoidance, and submissive vocalizations;
it occurs most often in feeding contexts (Goldizen 1989,
Baker et al. 1993, Digby 1995b, Garber 1997, Kostrub
2003). Rates of aggression can increase following changes
in group composition, for example, the loss of a breeding
female (Lazaro-Perea et al. 2000). Experimental exposure
to unfamiliar “intruders” or changes in membership of cap-
tive groups can also elicit physical attacks (reviewed in
Anzenberger 1993, Caine 1993). The pattern of aggression
suggests that it is used to limit access to mates and to con-
trol group membership (Anzenberger 1993, Lazaro-Perea et
al. 2000, Baker et al. 2002). Where intersexual dominance
has been described, either there is no clear pattern of male
or female dominance (e.g., Digby 1995b, Kostrub 2003) or
males are able to displace females at feeding sites (Baker
and Dietz 1996). Intrasexual dominance can have profound
implications for reproductive success in these species (Baker
et al. 1993, Digby 1995a,b; Lazaro-Perea et al. 2000) and
will be discussed in detail below.

Mating Systems

Callitrichine mating systems have been described as monog-
amous, polyandrous, polygynous, and polygynandrous, with
variation occurring both within and between groups and
populations (reviewed in Garber 1997, Baker et al. 2002,
Goldizen 2003, Saltzman 2003) (Table 6.3) (note: we use
these terms to describe patterns of copulation only). Such
flexible mating strategies are linked to changes in both
group composition and social relationships, and specific pat-
terns appear to be more typical of some genera than others.

The presence of more than one reproductively active
male (polyandry and polygynandry) has been described for
a number of species but appears to be most prevalent in
Saguinus and Leontopithecus (Table 6.3). In L. rosalia,
“potentially polyandrous” groups (based on the presence
of two or more potentially reproductive males) were noted
in 46% of monthly censuses, but direct observations of the
timing of copulatory behavior together with information on
probable fertile periods indicated that most groups were
“genetically” monogamous, including six of seven poten-
tially polyandrous groups (Baker et al. 1993). Other species
exhibit little or no competition over access to breeding
females (e.g., Kostrub 2003, Schaffner and French 2004).
Only a handful of polyandrous groups have been noted
among Mico (M. humeralifer, Rylands 1986b) and Callithrix
(C. jacchus, two males copulating with two females in a
newly formed group, Lazaro-Perea et al. 2000, see also
Schaffner and French 2004 for captive C. kuhlii). The limited
data available for Cebuella (Soini 1988) and Callimico
suggest that groups typically contain a single breeding male.
Possible reasons for differences across genera may involve
differential costs of infant care: species using larger home
ranges and having smaller overall group sizes may benefit
more from infant care shared by two “potential” fathers
(Heymann 2000, Goldizen 2003).
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Female reproductive strategies also vary across mar-
moset and tamarin species. Although breeding is typically
restricted to a single female, the presence of multiple breed-
ing females in some groups demonstrates that reproductive
suppression is not absolute. It is notable that even when sup-
pression is relaxed, breeding appears to be restricted to no
more than two females, even in groups containing additional
females of breeding age. Polygyny has been documented in
multiple wild groups of Callithrix, Callibella, Saguinus, and
Leontopithecus and inferred (based on a short interval
between births) in Cebuella (Table 6.3). Additional groups
have been documented to contain two pregnant/lactating
females, although tenure in the group was unknown (i.e., a
female may have immigrated into a group while pregnant)
or one of the females failed to raise young (S. mystax, Garber
et al. 1993, S. oedipus, Savage et al. 1996a; Callimico
goeldii, Porter 2001a; plus additional groups of S. fuscicollis,
Goldizen et al. 1996, and L. rosalia, Baker et al. 2002). Only
in Mico have multiple breeding females not been reported.
The presence of two breeding females and their resulting
young would presumably increase average costs of infant
care in terms of time spent carrying and food sharing (see
below). Some species or populations may be better able
to accommodate these costs because of larger group sizes,
more steady food supply (e.g., exudates), and smaller home
ranges that allow caretakers to reduce travel while main-
taining contact with their group (Digby and Barreto 1996,
Goldizen 2003).

A further complication in describing the mating system
of callitrichines is the occurrence of extragroup copulations
in some species. In C. jacchus, for example, both repro-
ductive and nonreproductive males and females have been
observed participating in extragroup copulations, often dur-
ing or just after aggressive intergroup interactions (Digby
1999, Lazaro-Perea et al. 2000). Thus, even some groups
described as “monogamous” based on within-group copu-
lation patterns may show more complex patterns of potential
and actual paternity.

Infant Care

The high cost of infant care (due to twinning, high infant/
maternal weight ratios, and frequent overlap of lactation and
pregnancy in some species) is thought to be a key determinant
of many aspects of callitrichine behavior, most notably the
high level of cooperative care of young (reviewed in Tardif
et al. 1993, 2002). Captive studies have provided detailed
information on the proximate mechanisms and energetics
of infant carrying (e.g., Tardif et al. 1993, Tardif 1997,
Nievergelt and Martin 1999) and have demonstrated several
species differences in patterns of infant care, including latency
to onset of alloparental behavior, degree of maternal involve-
ment, and overall time spent carrying (Tardif et al. 1993).
In both L. rosalia and Callimico, mothers are typically the
sole caretakers for up to the first 3 weeks of an infant’s life
(Schradin and Anzenberger 2001, Tardif et al. 2002, see also
de Oliveira et al. 1999 for an exception in L. chrysomelas);
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but Saguinus, Callithrix, Mico, and Cebuella adult males
and other group members may begin carrying the infant as
early as the day of birth (reviewed in Tardif et al. 2002). The
mother’s social status can also influence the onset of allo-
maternal care, with subordinate breeding females avoiding
potential helpers for the first 10 days postpartum (Digby
1995a). In some tamarin species, males may actually care
for infants more than the mother (e.g.,S. oedipus, Savage et al.
1996b; S. fuscicollis, Goldizen 1987a,b), whereas mothers
act either as primary caretakers or as equal partners in
Callithrix, Mico, and Callimico (C. jacchus, Digby 1995a,
Yamamoto and Box 1997; M. humeralifer, Rylands 1986b;
Callimico, Schradin and Anzenberger 2001). The extent of
maternal care can also be influenced by group size and com-
position, litter size, and maternal weight (reviewed in Tardif
et al. 1993, Bales et al. 2002). Both captive and field data
confirm the general pattern that marmosets (e.g., C. jacchus
and M. argentata) carry less frequently and for a shorter period
of time than do tamarins (e.g., S. fuscicollis and S. oedipus),
with L. rosalia being intermediate (Tardif et al. 1993, 2002;
Savage et al. 1996b). Differences in carrying patterns are
once again likely to be linked to daily path length, home
range size, and ultimately differences in diet and habitat use
(Tardif et al. 1993, Goldizen 2003, see above).

Several hypotheses have been proposed to explain why
group members other than the parents (alloparents) partici-
pate in infant care in the callitrichines: (/) enhancing direct
fitness by gaining experience in caretaking behaviors, (2)
increasing inclusive fitness, (3) maintaining group member-
ship while waiting for a breeding spot to become vacant, and
(4) caretaking as a courtship strategy for breeding males
(reviewed in Tardif 1997, Bales et al. 2000). While there is
some evidence that caretaking experience and overall num-
ber of helpers increase infant survival, evidence for a con-
nection between helping behavior and future reproductive
opportunities (either inheritance of breeding position or as
a courting strategy) is currently lacking (Tardif 1997, Bales
et al. 2000).

CONSERVATION STATUS

The Callitrichinae include not only some of the world’s most
critically endangered species but also species such as C.
jacchus that thrive under disturbed conditions and are
unlikely to be threatened with extinction. A characteristic
shared by all endangered callitrichine species is a relatively
small geographic range combined with critical levels of
anthropogenic habitat alteration. As a group, Leontopithecus
faces the most serious threat, with two species listed as
critically endangered (L. caissara and L. chrysopygus) and
two listed as endangered (L. rosalia and L. chrysomelas,
Rylands and Chiarello 2003). Only four other species are
allocated endangered status by the World Conservation
Union (S. oedipus, S. bicolor, C. flaviceps, and C. aurita;
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IUCN Species Survival Commission 2003), but numerous
species are classified as data deficient, including several of
the newly described species of Mico. While the more
endangered species of callitrichines receive official protec-
tion and are the subjects of conservation-oriented research
projects (e.g., the Golden Lion Tamarin Project), their sur-
vival still depends on careful metapopulation management
(e.g., chapters in Kleiman and Rylands 2002).

COMPETITION IN COOPERATIVELY BREEDING
SPECIES

Cooperatively breeding species are characterized, in part, by
their unusual propensity to share in the rearing of offspring.
In this system, parents, older siblings, members of the
extended family, and in some cases unrelated individuals
participate in resource and territory defense, infant carrying,
food sharing, babysitting, and even allonursing (chapters
in Solomon and French 1997). Such behaviors, along with
low rates of physical aggression, are typical of the
callitrichines (Garber 1997, Schaffner and Caine 2000). The
cooperative nature of some aspects of callitrichine behavior,
however, belies the fact that typically only two (or some-
times three) individuals receive the majority of the benefits
from such a “cooperative” system. Unlike communal breeding
(Price and Evans 1991), in which there is shared parentage
of the young, most callitrichines invest time and energy into
rearing the offspring of other group members. Though helpers
may gain indirect benefits in the form of inclusive fitness or
caretaking experience (reviewed in Tardif 1997), direct
benefits accrue primarily to those individuals that are able
to breed. This reproductive skew is expected to give rise to
intense, if sometimes subtle, reproductive competition.

Control or manipulation of breeding opportunities can
occur prior to conception as well as after birth. Competition
can be manifest in acquisition and maintenance of social
status, physiological suppression of ovulation, interference
in the feeding and care of young, and, in extreme cases,
infanticide. Below, we outline some of the means by which
callitrichines compete for reproductive opportunities and
examine potential causes for variation in these mechanisms
across genera.

Social Status and Reproduction

Within groups, social status can play a profound role in
determining the reproductive opportunities and reproductive
success of both males and females. Breeding individuals
(both males and females) are typically those that are socially
dominant over all others within the group (Baker et al. 1993,
Dietz and Baker 1993, Digby 1995a,b, Goldizen et al. 1996).

The mechanisms by which females’ social status results
in differential reproductive success include both inhibition
of sexual behavior and suppression of ovulation (see
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Mechanisms of Reproductive Suppression, above). There
has been some debate on whether subordinate females’ fail-
ure to reproduce results from direct manipulation by the
dominant female (e.g., dominant control model; Snowdon
1996) or whether it is more appropriately interpreted as a
type of self-inhibition on the part of the subordinate female
in an attempt to reduce wasted reproductive effort (e.g.,
conceiving or giving birth to infants that are unlikely to
survive—self-restraint model; Snowdon 1996; see also
Wasser and Barash 1983). In either scenario, socially domi-
nant females are able to maintain reproductive sovereignty
in most cases and thus also gain the benefits of a relatively
higher reproductive success. Even in groups where subordi-
nate females are able to conceive, the dominant female will
typically produce more infants and have higher infant
survival rates (Digby 1995a, Goldizen et al. 1996). In L.
rosalia, for example, dominant females had twice the
reproductive success of subordinate breeding females (Dietz
and Baker 1993); and in C. jacchus, dominant breeding
females gave birth to twice as many infants and had nearly
twice the overall survival rate (Digby 1995a).

For males in potentially polyandrous groups, dominance
may determine the likelihood of paternity. As noted above,
dominance plays little or no role in access to females during
the periovulatory period in some species (S. mystax, Garber
et al. 1993, S. tripartitus, Kostrub 2003, S. fuscicollis,
Goldizen 1989, but note that some consort behavior has
been reported). In contrast, Baker et al. (1993) were able
to demonstrate that the more dominant of the two sexually
active males in L. rosalia groups was responsible for 94% of
sexual behavior during periods when the female was most
likely to conceive. In one of these groups, direct aggression
was used by a dominant male to prevent the subordinate
male’s access to the breeding female. Mate guarding by
dominant males has also been observed in C. jacchus
(Digby 1999) and Cebuella (Soini 1987).

In summary, both subordinate males and females may
be subject to interference or inhibition of sexual behavior,
and subordinate females may also undergo physiological
suppression of reproduction. With both polyandrous and
polygynous groups occurring in several genera, however, it
is clear that these mechanisms are not always successful
in maintaining reproductive sovereignty for the dominant
male—female pair. When subordinates do breed, postpartum
reproductive competition may play a role in determining
which infants survive.

Infanticide

Perhaps the most extreme form of reproductive competition
in callitrichines is the killing of infants by females other than
the mother. Infanticide in primates is typically associated
with the killing of infants by unrelated males that have re-
cently joined or taken over a group (e.g., langurs, Presbytis
entellus, Hrdy 1979; gorillas, Gorilla gorilla beringei,
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Watts 1989). However, the sexual selection hypothesis
(Hrdy 1979) put forth to explain these cases of infanticide
is not applicable to most callitrichine incidents because the
killing of dependent young will not necessarily bring females
back into estrus more quickly (due to the limited influence
of lactation on ovulation in these species). Instead, compe-
tition for access to alloparents or other resources in polygyn-
ous groups could lead to enforced neglect and/or killing
of infants (Digby 1995a, 2000). Infanticide by females has
now been reported in several free-ranging groups and popu-
lations of C. jacchus (Digby 1995a, Yamamoto et al. 1996,
Roda and Mendes Pontes 1998, Lazaro-Perea et al. 2000),
several captive groups of C. jacchus (reviewed by Saltzman
2003), and at least one captive group of L. chrysomelas (De
Vleeschouwer et al. 2001). In five of the six cases where
social status was known, the dominant female was observed
or strongly suspected of killing the offspring born to the so-
cially subordinate female (in the sixth case, the perpetrator
became dominant following the infanticide) (Roda and
Mendes Pontes 1998). In at least three cases, the perpetrator
gave birth within days or weeks after the infanticide (Digby
1995a, Roda and Mendes Pontes 1998, Lazaro-Perea et al.
2000). In some cases, subordinate females that had lost their
infants (either to infanticide or to unknown causes) sub-
sequently carried and occasionally nursed infants born to the
dominant female (Digby 1995a, Roda and Mendes Pontes
1998).

The harassment of subordinate females with young, the
protective rearing strategies used by subordinate mothers
(e.g., the extended period before alloparental care is
tolerated), and the increased chance of infant loss when the
births of dominant and subordinate females are closely
spaced support the hypothesis that infanticide by females is
a response to resource competition (Digby 1995a, Saltzman
2003). The intensity of competition between females is
likely to vary across callitrichine genera due in part to such
factors as typical group size (the smaller groups of Saguinus
and Cebuella would result in less severe reproductive skew
within the population), population density (higher densities
will likely result in fewer reproductive vacancies within
the population), and diet (with less seasonally influenced
foods such as gum allowing for smaller home range sizes
and, thus, lower infant care costs). Specifically, the mar-
mosets’ ability to maintain large groups in high-density
areas may allow for a higher proportion of polygynous
groups in these species. Once reproductive suppression is
relaxed, however, infanticide by females may provide an
alternative strategy by which dominant females may main-
tain their reproductive sovereignty (Digby 2000, Hager and
Johnstone 2004).

Infanticide by females other than the mother is unusual
among primate species but has been well documented in
several other cooperatively breeding species (e.g., wild
dogs, Lycaon pictus, Frame et al. 1979, black-tailed prairie
dogs, Cynomys ludovicianus, Hoogland 1985, meerkats,
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Suricata suricatta, Clutton-Brock et al. 1998). In addition to
the reproductive state of the perpetrator (either in the late
stages of pregnancy or lactating), the other striking pattern
among these species is that the perpetrator is likely to be
closely related to the victim. Given the potential loss of
inclusive fitness in these cases, we can only assume that the
benefits to the infanticidal female must be greater than the
costs, suggesting particularly intense reproductive compe-
tition. This hypothesis remains to be tested.

CONCLUSION

Although social tolerance and cooperation are important
aspects of callitrichine social organization, it is important to
consider the reproductive skew that often results from this
type of social system. Only a portion of the population
directly benefits from the behavior of helpers, who may
delay their own reproduction for many years or forfeit it
altogether (e.g., Goldizen et al. 1996). As a result, intense
competition over the limited number of reproductive pos-
itions may occur. This competition may be subtle (sup-
pression of ovulation and inhibition of sexual behavior) or
overt (infanticide), but it nonetheless has a profound impact
on the reproductive success of these animals. Ultimately,
our understanding of callitrichine social organization and
reproductive strategies will need to balance the cooperative
aspects of their social interactions with the inevitable repro-
ductive competition inherent in all social systems.
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Appendix 6.1 Species and Subspecies Names for the Callitrichines

SPECIES AND SUBSPECIES

COMMON NAME

Callimico goeldii

Callithrix aurita

Callithrix flaviceps

Callithrix geoffroyi

Callithrix jacchus

Callithrix kuhlii

Callithrix penicillata

Cebuella pygmaea pygmaea
Cebuella pygmaea niveiventris
Callibella humilis

Mico acariensis

Mico argentatus

Mico chrysoleucus

Mico emiliae

Mico humeralifer

Mico intermedius

Mico leucippe

Mico manicorensis

Mico marcai

Mico mauesi

Mico melanurus

Mico nigriceps

Mico saterei

Saguinus bicolor

Saguinus fuscicollis avilapiresi
Saguinus fuscicollis crandalli
Saguinus fuscicollis cruzlimai
Saguinus fuscicollis fuscicollis
Saguinus fuscicollis fuscus
Saguinus fuscicollis illigeri
Saguinus fuscicollis lagonotus
Saguinus fuscicollis leucogenys
Saguinus fuscicollis melanoleucus
Saguinus fuscicollis nigrifrons
Saguinus fuscicollis primitivus
Saguinus fuscicollis weddelli
Saguinus geoffroyi

Saguinus graellsi

Saguinus imperator imperator
Saguinus imperator subgrisescens
Saguinus inustus

Saguinus labiatus labiatus
Saguinus labiatus rufiventer
Saguinus labiatus thomasi
Saguinus leucopus

Saguinus martinsi martinsi
Saguinus martinsi ochraceus
Saguinus midas

Saguinus mystax mystax
Saguinus mystax pileatus
Saguinus mystax Pluto
Saguinus niger

Saguinus nigricollis hernandezi
Saguinus nigricollis nigricollis
Saguinus oedipus

Saguinus tripartitus
Leontopithecus caissara
Leontopithecus chrysomelas
Leontopithecus chrysopyqus
Leontopithecus rosalia

Goeldi's monkey

Buffy-tufted-ear marmoset
Buffy-headed marmoset

Geoffroy's tufted-ear marmoset
Common or white-tufted-ear marmoset
Wied's black-tufted-ear marmoset
Black-tufted-ear or black-pencilled marmoset
Pygmy marmoset

White-bellied pygmy marmoset
Black-crowned dwarf marmoset

Rio Acari marmoset

Silvery marmoset

Golden-white tassel-ear marmoset
Snethlage's marmoset

Black and white tassel-ear marmoset
Aripuana marmoset

Golden-white bare-ear marmoset
Manicoré marmoset

Marca's marmoset

Maués marmoset

Black-tailed marmoset
Black-headed marmoset

Sateré marmoset

Pied bare-face tamarin

Avila Pires' saddle-back tamarin
Crandall's saddle-back tamarin

Cruz Lima's saddle-back tamarin
Spix’s saddle-back tamarin

Lesson's saddle-back tamarin
llliger's saddle-back tamarin
Red-mantle saddle-back tamarin
Andean saddle-back tamarin

White saddle-back tamarin
Geoffroy's saddle-back tamarin
Saddle-back tamarin

Weddell's saddle-back tamarin
Geoffroy's tamarin

Graell's black-mantle tamarin
Black-chinned emperor tamarin
Bearded emperor tamarin
Mottled-face tamarin

Red-bellied tamarin

Red-bellied tamarin

Thomas' mustached tamarin
Silvery-brown bare-face tamarin
Martin's bare-face tamarin
Ochraceous bare-face tamarin
Golden-handed or Midas tamarin
Spix's mustached tamarin

Red-cap mustached tamarin
White-rump mustached tamarin
Black-handed tamarin
Hernandez-Camacho's black-mantle tamarin
Spix’s black-mantle tamarin
Cotton-top tamarin

Golden-mantle saddle-back tamarin
Black-faced lion tamarin
Golden-headed lion tamarin

Black or golden-rumped lion tamarin
Golden lion tamarin

Source: Adapted from Rylands et al. (2000), van Roosmalen and van Roosmalen (2003).
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