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Introduction

Squirrel monkeys (Saimiri spp.) are one of the top three most
commonly involved Neotropical primates in biomedical
research (Abee 2000; Tardif et al. 2012). Their physical char-
acteristics, including small size and ease of handling, contrib-
ute to their desirability as research subjects. Squirrel monkeys
easily adapt to laboratory housing and can be maintained in
smaller spaces and less expensive cages compared to larger
primates, such as macaques and baboons. This characteristic
is especially important in facilities with space limitations.
Animals maintained in laboratory environments often live in
restrictive and limiting conditions compared with their natural
habitats. Although such environments meet the physical needs
of the animals, they are usually not sufficient to allow the ani-
mals to express the full range of their species-typical behavior.
The environments of most laboratory animals are extremely
complex, involving unpredictable elements, as well as routine,
predictable tasks, such as feeding and cleaning. Many laboratory

environments lack some or all of the stimuli that will promote
desirable natural behavior. Therefore, knowledge of the natu-
ral behavior of squirrel monkeys is critical for anyone who
plans to work with these animals in a laboratory environment.
Understanding the natural history of a species, as well as how
members of the species react to stressors, helps researchers to
adjust their animals to a captive environment, providing a better
model for research. Animals stressed by inadequate housing or
inappropriate environmental enhancement may exhibit a host of
physiological and psychological manifestations that will influ-
ence the way they react to experimental stimuli.

|
Typical Research Participation

Although there are 8 species of squirrel monkeys currently rec-
ognized (Chiou et al. 2011; Lynch Alfaro et al. 2015), the most

common species involved in laboratory research are Saimiri
sciureus and S. boliviensis, both South American species.
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Squirrel monkeys offer several advantages over Old World
monkeys for laboratory research (Abee 2000). Physically
they are smaller and easier to handle. Doses of experimental
compounds that need to be administered by body weight can
be lower. There are no known viral transmission issues with
squirrel monkeys. They also adapt to laboratory conditions
very well and most procedures can be carried out on unsedated
animals relatively easily.

The squirrel monkey is an important animal model for
malaria vaccine development studies (Anderson et al. 2017; de
Souza et al. 2017; Gunalan et al. 2019; Peterson et al. 2019).
Because Plasmodium spp., the parasite that causes malaria,
are host-specific, animal models used to study human malaria
must be susceptible to the same strains that cause the disease
in humans. The Bolivian squirrel monkey (Saimiri bolivien-
sis) has been shown to be a superior model for studies of the
pathogenesis of P. falciparum Indochina I (Whiteley et al.
1987), developing lesions and clinical signs similar to those
reported in human disease. Squirrel monkeys are used to
screen P. falciparum vaccine candidates for humans (Alves
et al. 2015; Cunha et al. 2017; Tougan et al. 2018; Yagi et al.
2014). Squirrel monkeys (in particular S. boliviensis and S.
sciureus) are susceptible to infection with different strains
of P. vivax, but each squirrel monkey species/subspecies
responds differently depending on the strain of the parasite
used (Anderson et al. 2015; Anderson et al. 2017, Gunalan
et al. 2019; Peterson et al. 2019). Obaldia et al. (2018) reported
positive findings using S. boliviensis as a model for P. vivax
vaccine testing. Differences in susceptibility and response to
experimental malaria infections underscore the importance of
species identification when using squirrel monkeys. Collins
et al. (2009) reported that S. boliviensis is a suitable model for
testing sporozoite and liver stage vaccines against the Salvador
I strain of P. vivax. Malaria remains one of the top three dis-
eases causing human mortality worldwide.

Squirrel monkeys are also involved extensively in neuro-
science, vision, and hearing research. The squirrel monkey
model offers advantages over rodent models in that cortical
organization of the squirrel monkey brain more closely resem-
bles that of humans (Gao et al. 2016; Schilling et al. 2018).
Studies involving squirrel monkeys have also contributed to
our understanding of injury-induced reorganization of the sen-
sory cortex and somatotopic reorganization of the brain stem
and thalamus (Cheung et al. 2017; Mowery et al. 2015; Yang
et al. 2014). The field of behavioral pharmacology, particularly
drug addiction research, has involved squirrel monkeys for
many years (Achat-Mendes et al. 2012; Rowlett, et al. 2005;
Valdez et al. 2007). Squirrel monkeys have made contributions
to studies on drug addiction and its behavioral and physiologi-
cal sequelae (Desai et al. 2016a; Kangas et al. 2016; Kangas
and Bergman 2014).

Contributions to vision research include gene therapy in
color vision (Mancuso et al. 2009; Neitz and Neitz, 2014;
Shapley et al. 2009), adaptation of the vestibule-ocular reflex
(Migliaccio et al. 2010), and topography of cones, rods, and
optic nerve axons. Auditory research has included auditory
frequency discrimination (Malone et al. 2015, 2017; Marsh
et al. 2015) and mapping of the auditory cortex and projections
throughout the brain (Cheung et al. 2017).

Behavioral Biology of Laboratory Animals

Recent research has asked the question of whether squirrel
monkeys could be considered an important sylvatic reservoir
of the Zika virus in South America. Vanchiere et al. (2018)
confirmed that S. boliviensis were susceptible to the Zika
virus, documenting seroconversion in five out of six animals.
There is now a validated fecal assay for Zika virus to be used
in South America for rapid assessment of hosts in the forest
(Milich et al. 2018).

Behavioral Biology
General Ecology

Squirrel monkeys are distributed widely in the Amazon basin,
with disjunct populations occurring in Central America. Eight
species are currently recognized: S. oerstedii in Central America,
and seven South American forms: S. boliviensis, S. sciureus, S.
collinsi, S. ustus, S. vanzolinii, S. cassiquiarensis, and S. mac-
rodon (Chiou et al. 2011; Lynch Alfaro et al. 2015). Long-term
studies in the wild have been conducted on S. oerstedii in Costa
Rica (Boinski 1986), S. boliviensis in Peru (Mitchell 1990), S.
sciureus in Suriname (Boinski et al. 2002), and more recently on
S. collinsi in Brazil (Stone 2007a, b) and S. vanzolinii in Brazil
(Paim et al. 2017). Until recently, S. collinsi was grouped with S.
sciureus as one species (Merces et al. 2015).

Squirrel monkeys live in various habitats, including primary
or secondary rain forests, riverine areas, flooded forests, and
mosaic habitats with anthropogenic disturbances (Boinski
1989; Carretero-Pinzoén et al. 2017; Lima and Ferrari 2003;
Paim et al. 2013; Peres 1994; Pontes 1997; Terborgh 1983).
They also do well in areas of secondary growth, perhaps due
to their high consumption of insects (Stone 2007a). Compared
to other Neotropical primates, lower strata of the forest are
often preferred (Fleagle and Mittermeier 1980; Mittermeier
and van Roosmalen 1981). Squirrel monkeys also show ter-
restrial behavior, coming to the forest floor, primarily when
foraging for larger insects in the leaf litter, fallen ripe fruit,
and flowers (S. collinsi: Stone 2007a; S. cassiquiarensis: M.
Araujo, pers. communication). Squirrel monkey home ranges
are large, varying from 150 to 250ha (Carretero-Pinzén et al.
2017; Mitchell 1990; Stone 2007a), but these are not defended,
and there can be overlap in the ranges of neighboring troops
(Stone 2007a). In addition, these primates can travel 2-5km in
a day (Mitchell 1990).

Where they are sympatric, Saimiri and capuchin monkeys
(genus Sapajus) can form mixed-species associations, trav-
eling and foraging together. The most common association
occurs between Saimiri and Sapajus apella (Levi et al. 2013;
Pinheiro, et al. 2011; Podolsky 1990; Terborgh 1983), although
squirrel monkeys can also form polyspecific associations
with Sapajus olivaceous (Pontes 1997) and cuxids (genus
Chiropotes; Pinheiro, et al. 2011). These associations may
occur due to enhanced access to fruit resources (Podolsky
1990) or antipredator benefits for both species involved (Levi
et al. 2013; Terborgh 1983).

Because of their small size, squirrel monkeys are at high pre-
dation risk, particularly infants traveling on their mother’s back
(Boinski 1986). In fact, it has been argued that the high birth
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synchrony within wild squirrel monkey groups is an antipreda-
tor adaptation (Boinski 1987; Stone and Ruivo, 2020). The main
predators of squirrel monkeys are raptors (Boinski 1987; Stone
2004) and constricting snakes (Ribeiro-Junior et al. 2016). Fear
of snakes appears to be learned, as laboratory-raised squirrel
monkeys do not react when presented with live snakes (Murray
and King 1973). In the wild, seasonality has a strong effect on
predator-sensitive foraging in squirrel monkeys. Experimental
evidence shows that during the wet season (high fruit availabil-
ity), squirrel monkeys avoid taking risks when foraging, with
juveniles not foraging in open areas (Stone 2007b). Frechette
et al. (2014) showed that S. sciureus in Suriname use both
environmental and social information to assess predation risk,
and are more reactive to potential predators at lower heights.
Furthermore, field data on S. oerstedii, S. boliviensis, and S. sci-
ureus living in distinct forest types indicates that avian attacks
on squirrel monkeys primarily target individuals unprotected by
understory vegetation (Boinski et al. 2003).

Social Organization and Social Behaviors

Squirrel monkey groups are generally large, ranging from 25
to 75 individuals (Boinski, 1999). However, unlike patterns of
basic ecology, such as diet and habitat use, the social organiza-
tion in the genus Saimiri is extremely diverse. For example, in
some species, males are dominant over females (e.g., S. sciu-
reus), while others are female-dominant (e.g., S. boliviensis),
and yet in others, females and males are codominant (S. oerste-
dii and possibly S. collinsi; Boinski 1999; Pinheiro and Lopes
2018; Zimbler-Delorenzo and Stone 2011). Such interspecific
differences in social structure have been documented both in
wild and captive settings, and extend to characteristics, such
as group size, intersexual dominance, within-sex dominance
hierarchies, and dispersal patterns (Table 25.1). However, it
should be noted that, due to the difficulty of recognizing indi-
vidual monkeys in the wild, much remains unknown about
social structure and interactions in the genus.

Costa Rican squirrel monkeys (S. oerstedii), in addition to
showing egalitarian interactions between sexes, also show
weak female bonds and hierarchies (Boinski 1999); both
males and females disperse from the group, though males
disperse over longer distances (Blair and Melnick 2012).
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Squirrel monkey groups studied in Peru (S. boliviensis)
showed dominance hierarchies within each sex, along with
strong female-bonding and female philopatry (Mitchell et al.
1991). In contrast, S. sciureus are characterized by high lev-
els of intragroup aggression; male dominance over females;
rigid, linear dominance hierarchies within each sex; weak
female social bonds; and both sexes may disperse from their
natal group (Boinski et al. 2005). Boinski et al. (2002) pro-
pose that fruit patch size and density in each species’ habitat
determine within-group competition regimes, which in turn
shapes social structure (the socioecological model; Wrangham
1980). Another species, S. macrodon (studied in Ecuador) is
characterized by a high level of kinship among females in a
group, with individual females maintaining spatial proximity
to closer kin. Like S. boliviensis, males disperse and females
are philopatric (Montague et al. 2014).

Male—male interaction patterns are also variable among spe-
cies. Costa Rican monkeys rarely display male-male within-
group aggression, even during mating season, and males
cooperate in aggressive interactions with neighboring groups
and in the defense of infants from predators (Boinski 1994).
Conversely, in S. sciureus, S. boliviensis, and S. collinsi, male
agonism is high, particularly over access to females (Boinski
et al. 2002; Mitchell 1990; Stone 2014). Male S. boliviensis
and S. sciureus often form bachelor groups with conspecifics
(Carretero-Pinzén et al. 2016; Mitchell 1990), although S. col-
linsi do not (Stone 2004). However, both S. boliviensis and S.
collinsi show marked sexual segregation within groups, with
males remaining at the periphery of the troop, especially dur-
ing birthing season (Leger et al. 1981; Mendoza et al. 1978;
Ruivo et al. 2017; Stone 2014).

Most social interactions occur within age-sex classes, such
as play among infants and juveniles, and agonism among adult
males (Zimbler-DeLorenzo and Stone 2011). Squirrel monkeys
rarely engage in social grooming, and social bonds appear to
be reinforced mostly by spatial proximity (Montague et al.
2014; Stone, pers. observation) and vocalizations (Biben and
Suomi 1993; Biben and Symmes 1991; Boinski and Mitchell
1997). Play behavior in infants and juveniles is strongly tied
to seasonality and resource availability, with less play occur-
ring during the dry season or low food conditions (Stone 2008;
Baldwin and Baldwin 1976).

TABLE 25.1

Comparison of Socioecological Parameters across Four Squirrel Monkey Species (Saimiri sp).

Trait S. oerstedii S. boliviensis S. sciureus S. collinsi References

Group size 35-65 45-75 15-25 35-50 Boinski (1999)

Fruit patches Small, low Large, moderate Small, extremely Medium, Boinski et al. (2002), Stone
fed on density density dense extremely dense (2007a,b)

Dominance Egalitarian Female dominant Males dominant Female dominant Boinski et al. (2002), Stone (2004)
pattern or co-dominant

Female Weak Strong Weak Unknown Boinski (1999), Boinski et al.
bonding (2002)

Male-male Rare Common during Common during Common during Baldwin (1969), Boinski and
aggression mating season mating season mating season Mitchell (1994), Stone (2014)

Dispersal Both sexes Males disperse Both sexes Unknown Blair and Melnick (2012),
pattern disperse disperse Boinski et al. (2002), Boinski

and Mitchell (1994)
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Life History and Reproduction

Squirrel monkeys are characterized by a suite of reproduc-
tive and life history traits that distinguish them from other
similarly sized New World primates (Garber and Leigh 1997;
Hartwig 1996). For example, the genus is characterized by
extremely high pre- and postnatal maternal investment, even
though singletons are produced. Squirrel monkeys rank high-
est among Neotropical primates under 2 kg in infant care costs,
including the cost of transporting heavy infants over long day
ranges (Tardif 1994). The gestation period is long in squirrel
monkeys (5 months; Stone 2004), similar to that of the larger
capuchins (Hartwig 1996). Even when compared to the twin-
producing callitrichines, estimated prenatal growth rates are
high (Leighty et al. 2004; Ross 1991).

Not surprisingly, neonates are large, weighing 16%—-20%
of the mother’s body weight (Elias 1977, Kaack et al. 1979;
Milligan et al. 2008; Stone, unpublished trapping data;
Williams et al. 1994) and have 60% of adult brain mass at
birth (Elias 1977). In the laboratory squirrel monkeys pro-
duce twins at a rate of approximately 1 in 150 pregnancies
(Williams, personal observation). When this occurs, one neo-
nate is usually smaller than the other and does not survive. The
first 3months of life are characterized by rapid somatic and
brain growth (Kaplan 1979; Leigh et al. 2004; Manocha 1979).
Somatic growth rates are reduced at approximately 6 months
of age, which corresponds to weaning in wild S. collinsi (Stone
20006). Interestingly, weaning age is highly variable among
squirrel monkey species, ranging from 4months in wild S.
oerstedii (Boinski and Fragaszy 1989) to up to 18 months in
S. boliviensis (Mitchell 1990). Interbirth intervals vary from 1
to 2 years, depending on the species (Zimbler-DeLorenzo and
Stone 2011). Despite having expensive infants, females gen-
erally receive little extra-maternal support. In some species,
other adult females and juveniles can provide some degree of
allocare. For example, in S. collinsi and S. boliviensis, juvenile
females often carry infants for short periods (< 5 min), although
never during rapid group travel (Baldwin 1969; Mitchell 1990;

Behavioral Biology of Laboratory Animals

Rosenblum 1972; Stone 2004). Mothers often “exchange”
infants for short periods and females who lose their infants
may carry the infants of other mothers (Ruivo et al. 2017).
Allonursing has not been reported for wild populations, but
has been observed in captivity for S. collinsi (Pinheiro 2015)
and S. boliviensis (Williams et al. 1994). In contrast to rapid
development during infancy, the juvenile stage (approximately
6 months to 3—5years) is characterized by an extended period
of relatively slow growth (Scollay 1980; Stone 2004). Females
become sexually mature between 2.5 and 3.5 years of age, and
males breed later, at 4.5—-6years (with variability among spe-
cies; Zimbler-DeLorenzo and Stone 2011).

Squirrel monkeys show a polygamous mating system
(Boinski 1987; Mitchell 1990, Stone 2014), and show the most
pronounced pattern of seasonal breeding of any Neotropical
primate (Di Bitetti and Janson 2000; Table 25.2). The pro-
nounced birth seasonality seen in the wild may or may not
persist under captive conditions (P. Castro, personal communi-
cation; Trevino 2007; Williams et al. 1986; Williams and Abee
1986; Williams et al., 2010). Within-group birth synchronicity
is also common in wild populations. In Costa Rica, females
in a group give birth within a 1-week period (Boinski 1987),
and in Eastern Amazonia, 80% of the females in a group can
give birth in 1-2 nights (Stone 2004). Squirrel monkey males
are approximately 30% larger than females (Boinski 1999;
Mitchell 1990; Stone, unpublished trapping data), though sex-
ual dimorphism increases in the mating season. This occurs
because males gain water weight and adipose tissue on the
shoulders, arms, and torso, acquiring a “fattened appearance”
(Du Mond and Hutchinson 1967, Mendoza et al. 1978). Male
fattening is associated with seasonal changes in hormone lev-
els, rather than with increased food consumption, and may
have evolved via sexual selection (Boinski 1992a; Stone 2014).
An interesting phenomenon consistently observed during the
mating season of S. collinsi is infant aggression toward adult
males that approach the infant’s mother. Infants often chase
adult males that are attempting to mate, and males show a sub-
missive response (Ruivo and Stone 2014).

TABLE 25.2
Comparison of Life History and Reproductive Traits across Four Squirrel Monkey Species (Saimiri sp).
Trait S. oerstedii S. boliviensis S. sciureus S. collinsi References
Gestation length (months) 5 5 5 5 Mitchell (1990), Stone (2004)
Weaning age (months) 4 18 12-18 8 Boinski and Fragaszy (1989), L. Kaufmann
(pers. comm.), Mitchell (1990), Stone
(2006)
Age at first reproduction for 2.5 3.5 3.5 3.5 Boinski (1987), Boinski et al. (2005),
female (in years) Mitchell (1990), Stone (2004)
Age at first reproduction for 4 6 4.5 4.5 Boinski (1987), Boinski et al. (2005),
males (in years) Mitchell (1990), Stone (2004)
Interbirth interval (yrs) 1 2 1 1-2 Boinski (1987), Boinski et al. (2005),
Mitchell (1990), Stone (2004)
Duration of mating season 8 8 10 9 Boinski (1987), Boinski et al. (2005),
(weeks) Mitchell (1990), Stone (2014)
Duration of birth season 2 8 8 8 Boinski (1987), L. Kauffman (pers.
(weeks) comm.), Mitchell (1990), Stone (2004)
Infant care patterns Allocare Allocare and Allocare and Allocare Boinski (1986), L. Kauffman (pers.
uncommon allonursing allonursing common comm.), Mitchell (1990), Pinheiro

(2015), Stone (2004)
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Feeding Behavior

Squirrel monkeys are very active and spend most of their
day foraging (Mitchell 1990; Paim et al. 2017; Pinheiro et al.
2013; Stone 2007a). They consume fruits and insects, and
show opportunistic consumption of items, such as bird eggs
and lizards (Janson and Boinski 1992). Squirrel monkeys are
the most insectivorous of Neotropical primates, with up to
75% of foraging/feeding time spent on arthropods (Zimbler-
DeLorenzo and Stone 2011). Diet varies seasonally, with prey
consumption increasing during periods of low fruit availabil-
ity (Boinski 1986; Lima and Ferrari 2003; Paim et al. 2017,
Stone 2007a). Foraging substrates used while searching for
insects include live foliage, dead foliage, and leaf litter on
the ground (Stone 2007a, Terborgh 1983). Direct intragroup
feeding competition is generally low in Saimiri, perhaps due
to the high proportion of insect prey in their diet, a resource
that is difficult to monopolize. However, even when foraging
on clumped fruit resources, such as Scheelea or Attalea palm
fruits, individuals are generally tolerant of each other, eating
in close proximity or plucking a fruit and leaving the infruc-
tescence to eat on a nearby tree branch (Baldwin and Baldwin
1972; Stone 2007b).

Sex differences in diet and foraging behavior have been
observed in squirrel monkeys, with females spending more
time feeding and foraging, and less time resting, compared
to males (Boinski 1988; Montague et al. 2014). In addition, S.
collinsi females consume more protein in the form of insects
than do males (Ruivo et al. 2017), as well as a greater variety
of fruit species (Stone 2018). Acquisition of foraging skills,
including for large insects, occurs rapidly; in one field study,
1-year old juveniles were as efficient as adults at capturing
prey (Stone 2006).

Communication

Few field studies have been conducted on communication
(vocal or olfactory) in squirrel monkeys. As pointed out by
Zimbler-DeLorenzo and Stone (2011), studying communica-
tion in Saimiri is more feasible in captivity because of the
large social groups in the wild. Five main groups of calls
have been identified: peeps; twitters; chuck calls; cackles; and
noisy calls (Zimbler-DeLorenzo and Stone 2011). Studies of
wild populations have shown that back-and-forth peeps and
chuck calls are used in affiliative contexts, particularly by
adult females that are not in close proximity (Boinski 1991;
Boinski and Mitchell 1992). Chuck calls also may contain
information on the caller’s identity (Boinski and Mitchell
1997). In particular, these calls increase auditory contact in
densely forested areas where visual contact is difficult, and
such vocalizations also affect group cohesion and coordina-
tion of group movement (Boinski 1991; Boinski and Mitchell
1992). A specialized maternal vocalization of S. boliviensis
is the “caregiver call”, a call from adult females directed to
their infants that is used to coordinate nursing bouts until
infants are fully weaned (Boinski and Mitchell 1995). Alarm
calls have also been described for wild squirrel monkeys
(Stone 2004). One type of high-pitched alarm call is elicited
when aerial predators approach the group. A second call is
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the “nasal-honk™ call, which is given in response to terres-
trial predators, such as large constricting snakes, and even
humans (Stone 2004).

Olfactory communication accounts for less than 1%
of daily behavior time in field populations of S. oerstedii
(Boinski 1992b). In S. oerstedii and S. collinsi, males use
olfaction when evaluating the estrous condition of females,
either by genital sniffing or by sniffing substrates recently
used by females (Boinski 1992a; Stone 2014; Williams per-
sonal observation). Squirrel monkeys can discriminate urine
odors of conspecifics (Laska and Hudson 1995), which has
led to the suggestion that urine washing behavior (urinating
on palms and rubbing the urine on the soles) functions as
a mechanism of social communication, particularly sexual
communication (Miller et al. 2008). However, recent field-
work on S. collinsi by Jasper et al. (2020) has shown that
urine washing is predominantly performed by juveniles, and
may serve as an anxiety displacement mechanism (Miller
et al. 2008;, Schino et al. 2011).

Common Captive Behavior
Normal Behavior

Squirrel monkeys continue to show species-typical behavior
in most captive settings and can adapt to many social settings;
pair housing, as well as small and large social groups (Tardif
et al. 2012; Williams et al. 2010). The patterns of male—female
and female—female interactions described above can clearly be
seen in captive colonies.

Behaviors Affected by Captivity

While squirrel monkeys are not prone to the abnormal behav-
iors seen in Old World monkeys, there are several behavioral
and reproductive traits that need to be considered. The large
neonatal sizes mentioned elsewhere in the chapter may neces-
sitate c-sections and nursery rearing of the infants. Although
nursery-reared infants can function in a breeding colony, pro-
ducing and caring for infants at rates similar to dam-reared
individuals (Williams, personal observation), they are behav-
iorally different, particularly when interacting with care staff.
In a study that compared Primate Neonatal Neurobehavioral
Assessment scores, Mulholland et al. (2020) reported that
nursery-reared infants differed from dam-reared infants in
motor maturity and control states. Nursery-reared infants had
worse balance, slower responses, and were generally quieter
than were dam-reared infants.

Squirrel monkeys in captivity live to their mid- to upper-
twenties (Akkog¢ and Williams 2005), much longer than their
wild counterparts. Older female squirrel monkeys, particularly
those with many pregnancies over the course of their life, can
develop an alopecia that resembles hair loss seen as a func-
tion of dominance and stressful interactions in other primate
species. However, we have demonstrated that this alopecia is
due to a chronic telogen effluvium, related to high levels of
estrogen hormones, not to physical hair plucking (Horenstein
et al. 2005).
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Ways to Maintain Behavioral Health
Environment

Several factors related to Neotropical primate sociality and
natural living conditions play a role in determining function-
ally appropriate captive environments (FACEs, see Schapiro,
this volume) and related management procedures. The social
structure of squirrel monkeys, while superficially similar,
is significantly different from the typical social structures of
Old World monkeys, and housing conditions need to reflect
this. Decisions related to enclosure size need to reflect the
fact that squirrel monkeys are primarily arboreal animals and
the enclosure should include vertical space for climbing, qua-
drupedal running, and jumping. The Guide for the Care and
Use of Laboratory Animals (National Research Council 2011)
classifies squirrel monkeys as type 2 primates, requiring 3 ft?
(0.28 m?) for each animal. Figure 25.1 illustrates squirrel mon-
key housing with multiple layers of travel paths and perches. All
squirrel monkeys should be housed with a temperature range of
approximately 75°F-82°F (24°C-27°C), with relative humidity
between 40% and 60%. Lower temperatures or humidity levels
can lead to upper respiratory problems (Abee 1985).

Since squirrel monkeys are arboreal, the provision of three-
dimensional space and differing perch arrangements can vary
the cage environment and increase the activity of the animals.

Behavioral Biology of Laboratory Animals

Runs or large pens can be used to allow the squirrel monkeys
to move over longer distances. Pens measuring 4" wide by 6
tall by 14" deep can house up to 15 animals. Periodically rear-
ranging the perches and providing new materials is an easy
way to provide novelty.

Social Groupings

Saimiri should be housed in species-typical social groups in
captivity whenever possible. In the wild, squirrel monkeys live
in large social groups containing 20-50 animals (Baldwin
and Baldwin 1971; Boinski, 1999), with multiple males and
females of different ages. Our experience in captivity is that
it is difficult for more than one male to live in a social group
when space is limited. S. boliviensis females typically stay
within the natal social group and males emigrate after they
reach 1.5-2years of age. S. sciureus females are more flexible
and may emigrate after their first breeding season (Boinski
et al. 2002). Removing the males from their natal group when
they reach approximately 1.5-2years old can help reduce
intragroup aggression and prevent inbreeding, as the males
continue to mature sexually. At this age, the males will usually
form an all-male group without any aggression.

Adult females generally maintain social stability in squirrel
monkey groups. Saltzman et al. (1989) reported that all age-
sex classes in S. sciureus spend more time in proximity to adult

FIGURE 25.1

Squirrel monkey (Saimiri sciureus) housing with multiple layers of perches and resting points that give them different travel paths.

Off the back, there are feeding enrichment devices; a black grooming mat (just below the mid-point) and a feeding trough (just above the upper perch).
There is also a piece of destructible enrichment on the ceiling; a paper bag that was filled with food enrichment.
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females than any other age-sex class. During the nonbreeding
season, South American squirrel monkey social groups will
segregate by sex, with males remaining near the periphery
of the social group (Baldwin and Baldwin 1972; Hopf 1978;
Lyons et al 1992; Stone 2014; Vaitl 1977). Seasonal sexual seg-
regation in captivity is generally expressed in vertical sepa-
ration of the males and females; with females occupying the
upper levels of the housing, relegating the males to perches and
structures closer to the ground.

S. sciureus and S. boliviensis will fight unfamiliar conspecif-
ics (Williams and Abee 1988), suggesting that frequent move-
ments of animals between social groups should be avoided.
Squirrel monkeys that must live separately from their social
group for experimental or clinical purposes should be pair
housed. If pair housing is not possible, animals should be
provided with visual and/or auditory access to conspecifics
(Schuler and Abee 2005). Forming new pairs or small groups of
females is rarely a problem with squirrel monkeys. Introducing
all the females to one another simultaneously will lessen the
probability of an individual animal becoming the target of
aggression. Male pairs or triplets can be housed together if care
is taken when introducing the animals. Juvenile males will
bond together quickly, and adult males will tolerate others, if
there are no females housed in visual contact. When introduc-
ing new animals to an established social group, it is impor-
tant to give members of the social group contact with the new
animal in small subgroup situations, prior to introducing the
entire group. Placing the new animal in a neutral cage with a
small subset of the social group, and swapping out social group
members periodically, will give the new animal an opportunity
to establish relationships, prior to living in the whole group.
This process will work for females during the entire year and
for males during the breeding season only. Males can be dif-
ficult to introduce to a new group of females during the non-
breeding season, when they are normally segregated from
the female social core. Increased levels of aggression should
be expected at the beginning and end of the breeding season,
when hormonal changes lead to increases in social interactions
between males and females. The squirrel monkey breeding
season occurs during short days; in the northern hemisphere, it
typically runs from January through April for outdoor-housed
colonies, and into May and June in indoor colonies (Schiml
et al. 1996; Trevino 2007; Williams et al. 2010).

Enrichment and Feeding Strategies

Squirrel monkeys are omnivores in the wild and may spend
up to 75% of their time eating as they move through the for-
est. Squirrel monkeys’ captive diets can be supplemented with
many fruits and vegetables, depending on seasonal availabil-
ity. Additional items such as Gatorade®, multivitamins, and
food pellet rewards may be added for experimental or clinical
reasons.

Squirrel monkeys are naturally active and readily manipu-
late objects in their enclosure. Destructible enrichment and
devices that require time to open or manipulate can be pro-
vided to occupy the animals’ time. Small objects, such as plas-
tic golf balls and polyvinyl chloride (PVC) plumbing joints,
can be employed, with or without food enrichment, to increase
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FIGURE 25.2  Saimiri boliviensis juvenile manipulating food enrich-
ment from a device made from an old syringe cover. The device has holes
cut into the side just bigger than the food item to be retrieved.

activity rates. Feeding or foraging boards can also be used, as
the presence of artificial turf forage boards has been shown to
increase activity (Fekete et al. 2000). Because squirrel mon-
keys are naturally inquisitive and active, the provision of mul-
tiple perches, swings, and other hanging devices will increase
activity levels. Figure 25.2 shows a squirrel monkey puzzling
over a mealworm feeder. In all caging conditions, food items
and perch arrangements can be used to vary the environment
of the animals and, consequently, increase activity levels and
sensory stimulation. Perches and manipulanda should be
rotated and replaced routinely to prevent habituation.

Communication

Communication between animals within a given social group
includes olfactory, visual, and vocal signals. Olfaction is most
important during the breeding and birthing seasons. Vocal sig-
nals are very important for squirrel monkeys, with infants pos-
sessing a wide repertoire of sounds, including grumbles, tucks,
purrs, chucks, and peeps (Biben and Symmes 1986) to com-
municate their wellbeing to the mother. In adults, several calls
are used to signal alarm, display general disturbance or excite-
ment, or establish contact when group members are visually
separated. Visual cues are of primary importance in a number
of displays intended to assert dominance or reduce tension
between individuals. Visual cues involving facial expressions



402

can be associated with fear or aggression. In a captive enclo-
sure, visual barriers that a submissive monkey can use to break
the stare of a more aggressive monkey should be provided.
These “hide-boxes” can be made from a piece of a large diam-
eter PVC pipe or another opaque material. However, remember
that caregivers and researchers must be able to see the animals
for health checks and other observations. Males use scent to
determine the receptivity of females, and females use scent
to identify individual infants. When cleaning squirrel monkey
enclosures, it is preferable to avoid heavily scented products.

Training

Squirrel monkeys have a long history in cognitive research
(Gazes et al. 2018; Thomas and Frost 1983; Woodburne and
Rieke 1966) and can readily be trained using positive reinforce-
ment training techniques (Gillis et al. 2012; Rogge et al. 2013).
Squirrel monkeys can be trained to voluntarily participate in
many aspects of their care, including the presentation of body
parts, sitting on a scale, or moving from one cage to another on
command. Rogge et al. (2013) found that it only took a few ses-
sions to train the animals to present their hands for inspection
on command, even when they were trained in their social group.
They can also be trained to participate in more complex tasks,
such as using a joystick and computer screen (Judge et al. 2005;
Washburn et al. 1989), or engaging in token exchange procedures
(Hopper et al. 2013; Talbot et al. 2011,). When training squirrel
monkeys, it is important to remember to use very small portions
of food as reinforcers, because the animals can quickly become
satiated and stop working if given too much food.

Special Situations

Investigators not accustomed to using small nonhuman pri-
mates in their research should also be aware of squirrel mon-
key characteristics that may require alteration of experimental
procedures. Squirrel monkeys are predisposed to hypoglyce-
mia (Abee 1985; Brady 1990, Brady et al. 1991). The normal
blood glucose concentration for adult squirrel monkeys is
80%28 mg/dL (Loeb and Quimby 1989). Prolonged research
procedures, fasting, or debilitating conditions that result in
anorexia may place animals at risk for a hypoglycemic crisis.
Their small size, low body fat reserves, and long extremities
all contribute to rapid heat loss when they are anaesthetized
or debilitated. The body temperature of at-risk animals should
be monitored for body temperature on a regular basis. Awake,
restrained squirrel monkeys normally have a body temperature
of 38°C-39.5°C, while healthy, active, struggling animals may
rapidly increase their body temperatures to as high as 41°C.

Although social housing of squirrel monkeys is desirable,
fight-related injuries do occur in such housing, especially
when social groups are first established. Close attention to
group compatibility, careful supervision of newly established
groups, and provision of hiding places in animal enclosures
can help reduce such injuries or prevent them altogether
(Williams and Abee 1988). When wounds do occur, they can
usually be divided into crushing-type injuries (more com-
monly inflicted by female squirrel monkeys) or lacerations
(commonly inflicted by males) (Ruiz et al. 2005).
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Conclusions and Recommendations

Squirrel monkeys have many qualities that make them an
important biomedical research model. Their small size, ease
of handling, and lack of viruses that are pathogenic in humans
are particularly desirable for studies requiring frequent han-
dling without sedation. Our aim in this chapter is to provide
a background through which you can better appreciate the
behavior and biology of squirrel monkeys. Each species has
a unique set of environmental and social needs that must be
met for the animals to thrive in captivity. Even within a single
taxonomic order, such as primates, there are major differences
among genera in requirements for functionally appropriate
captive environments. When designing appropriate housing
for squirrel monkeys it is imperative to consider their ecology,
social structure, and social organization. Squirrel monkeys are
small arboreal insectivores, that are constantly in motion, and
that have complex social needs. By designing their homes to
match their biological needs, you will have a healthier, less
stressed research animal.
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