
Social and Physical Maturation
in Captive Lion Tamarins,
Leontopithecus rosalia rosalia
(Primates: Gallitrichidae)

R.J. HOAGE

SMITHSONIAN CONTRIBUTIONS TO ZOOLOGY • NUMBER 354



SERIES PUBLICATIONS OF THE SMITHSONIAN INSTITUTION

Emphasis upon publication as a means of "diffusing knowledge" was expressed
by the first Secretary of the Smithsonian. In his formal plan for the Institution, Joseph
Henry outlined a program that included the following statement: "It is proposed to
publish a series of reports, giving an account of the new discoveries in science, and
of the changes made from year to year in all branches of knowledge." This theme
of basic research has been adhered to through the years by thousands of titles issued
in series publications under the Smithsonian imprint, commencing with Smithsonian
Contributions to Knowledge in 1848 and continuing with the following active series:

Smithsonian Contributions to Anthropology
Smithsonian Contributions to Astrophysics

Smithsonian Contributions to Botany
Smithsonian Contributions to the Earth Sciences
Smithsonian Contributions to the Marine Sciences

Smithsonian Contributions to Paleobiology
Smithsonian Contributions to Zoo/ogy
Smithsonian Studies in Air and Space

Smithsonian Studies in History and Technology

In these series, the Institution publishes small papers and full-scale monographs
that report the research and collections of its various museums and bureaux or of
professional colleagues in the world of science and scholarship. The publications are
distributed by mailing lists to libraries, universities, and similar institutions throughout
the world.

Papers or monographs submitted for series publication are received by the
Smithsonian Institution Press, subject to its own review for format and style, only
through departments of the various Smithsonian museums or bureaux, where the
manuscripts are given substantive review. Press requirements for manuscript and art
preparation are outlined on the inside back cover.

S. Dillon Ripley
Secretary
Smithsonian Institution



S M I T H S O N I A N C O N T R I B U T I O N S T O Z O O L O G Y • N U M B E R 3 5 4

Social and Physical Maturation
in Captive Lion Tamarins,
Leontopithecus rosalia rosalia
(Primates: Callitrichidae)

R.J. Hoage

SMITHSONIAN INSTITUTION PRESS

City of Washington

1982



ABSTRACT

Hoage, R.J. Social and Physical Maturation in Captive Lion Tamarins, Leontopithecus rosalia
rosalia (Primates: Callitrichidae). Smithsonian Contributions to Zoology, number 354, 56 pages, 24
figures, 12 tables, 1982.—Among nonhuman primates, New World marmosets and tamarins
(Callitrichidae) exhibit a unique combination of biological and behavioral traits, including
monogamy, twinning, and infant caretaking by fathers and juveniles. Currently, little is known
of the relationship between social and physical maturation in this species.

From February 1974 to January 1976, quantitative data were collected on the maturation
of seven litters of lion tamarins (Leontopithecus rosalia rosalia) born at the National Zoological
Park, Washington, D.C. Although a total of 22 tamarins were involved in the observations, the
study focused on the ontogeny of eight males and six females in the first year of life.

Five maturational phases were distinguished: (1) Dependent Infant, (2) Advanced Infant,
(3) Young Juvenile, (4) Advanced Juvenile, and (5) Young Subadult. Data were taken for six
behavior categories: (1) infant carrying, (2) food sharing and stealing, (3) allogrooming, (4)
scent marking and social sniffing, (5) sexual behavior, and (6) agonistic behavior. The data
were examined for the first appearance of these behaviors and for the influence of three
variables on maturing young: (1) parental reproduction, (2) the presence of older and younger
siblings in the family group, and (3) the existence of same and opposite sex biases in social
interactions within the family unit.

Infants were carried to 14 weeks after birth. Mothers were the principal carriers in the first
three weeks, after which fathers dominated carrying; older siblings were involved to a limited
extent.

Both food sharing and stealing were observed between individuals of both sexes and of
various ages. Mothers in late pregnancy and immediately postpartum received food from older
young as did both parents when carrying newborn infants. Older young and parents provided
food for new infants, especially during weaning.

Same sex preferences occurred regularly in social interactions between young and other
family members. Some opposite sex biases became evident in weeks 41-52, the Young Subadult
Phase, when physical size and scent marking rates began to approach adult levels. Several 41
to 52-week-old males attempted to mount their mothers and one subadult female was repeatedly
mounted by her father. However, intromission was never observed except between parental
pairs.

Noninjurious agonistic encounters between (1) young subadults and same sex parents and
(2) between subadults and siblings were seen to increase towards the end of the first year, yet
older offspring are known to remain in relative harmony within the family unit up to 20 months
of age. The extended residence of older young in the family group is believed to maximize the
chances of survival and reproductive success of parents and infants, and also provides older
offspring with the training necessary to maximize their own reproductive success once they
have left the natal family unit. Supporting this conclusion was the finding that primiparous
parents having the most experience interacting with younger siblings had the most success in
rearing their own infants.
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Social and Physical Maturation
in Captive Lion Tamarins,
Leontopithecus rosalia rosalia
(Primates: Callitrichidae)

R.J. Hoage

Introduction

Since Harlow and others (Harlow and Harlow,
1965; Seay et al., 1964; Mitchell and Schroers,
1973) have demonstrated the importance of
proper socialization in the development of normal
sexual and parental behaviors in Old World ma-
caques, the process of socialization has been de-
scribed for a variety of Old World primates both
in captivity and in the wild (Anthoney, 1968;
Van Lawick-Goodall, 1968; Rowell et al., 1968;
Chance and Jolly, 1970; Poirier, 1972). However,
little attention has been given to the analysis of
social and physical maturation in marmoset and
tamarin monkeys (Callitrichidae), despite their
importance in recent years to behavioral and
biomedical research (Hearn, 1975; Wolfe et al.,
1975). In contrast to numerous studies on African
and Asian forms (Hall and DeVore, 1965; Kum-
mer, 1968; Gartlan and Brain, 1968; Jay, 1965),
there have been few studies on callitrichids that
have outlined stages of development defined by
both physical traits and the frequency of certain
behaviors.

New World marmosets and tamarins exhibit a
unique combination of behavioral and biological

R.J. Hoage, National Zoological Park, Smithsonian Institution,
Washington, D.C. 20008.

traits: (1) little or no sexual dimorphism (Lucas
et al., 1937; Hershkovitz, 1949), (2) twinning
(Hill, 1926, 1932; Wislocki, 1939), (3) monogamy
with nuclear families composed of parents and
offspring from successive births (Hampton et al.,
1966; Epple, 1967; Dawson, 1977; Izawa, 1978;
Box and Morris, 1980), (4) paternal and juvenile
participation in infant rearing (Fitzgerald, 1935;
Lucas et al., 1937; Christen, 1974; Epple, 1975b;
Hoage, 1977), and (5) extended residence within
family groups of nonbreeding older offspring who
serve as parental assistants (Epple, 1970b, 1975a;
Rothe, 1975; Kleiman, 1977b).

Focusing on captive groups of golden lion ta-
marins, Leontopithecus rosalia rosalia, this study in-
vestigates six specific classes of behavior that oc-
cur during maturation and that may prepare
young for mating and infant rearing: (1) infant
carrying; (2) food sharing and stealing; (3) allo-
grooming; (4) scent marking and social sniffing;
(5) sexual behavior, and (6) agonistic behavior. A
correlational summary between physical and be-
havioral traits is presented in Appendix I.

Where possible, I have compared results with
equivalent data available on other members of
the Callitrichidae (Appendix III). Final discus-
sion centers on the unique configuration of calli-
trichid biological and behavioral traits relative to
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other monogamous nonhuman primates and
mammals. I conclude that the biological and
behavioral adaptations of the marmosets and ta-
marins help maximize the chances of survival and
reproductive success of three classes of individ-
uals: parents, older offspring, and infants.

DESCRIPTION AND DISTRIBUTION OF THE CALLI-

TRICHIDAE.—Together with the Cebidae (gener-
ally larger animals including five genera with
prehensile tails), the small, squirrel-like marmo-
sets and tamarins (weighing less than 800 g and
measuring less than 60 cm long) make up the
Platyrrhini or New World monkeys. Callitrichids

are neotropical in distribution; the four genera
{Cebuella, Callithrix, Saguinus, and Leontopithecus)

range from Panama southward through the Am-
azon River basin to southeastern Brazil (Figure
1). They are diurnal, insectivorous, and frugivo-
rous and forage in secondary growth and open
forests in riverine habitats (Eisenberg, 1977). A
possible fifth genus, the enigmatic Goeldi's mon-
key {Callimico goeldii), sometimes classified as a
callitrichid (Napier and Napier, 1967), has been
given its own familial status, Callimiconidae
(Hershkovitz, 1970).

Among callitrichids curved, claw-like nails are

FIGURE 1.—Approximate pre-Columbian distribution of the four genera of the family Callitri-
chidae (after Hershkovitz, 1977:400); Cebuella (the pygmy marmoset, 1 species); Callithrix (the
marmosets, 8 species); Saguinus (the tamarins, 22 species); and Leontophithecus (the lion tamarins,
1 species, 3 subspecies). (Drawing by S. Bruch.)
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found on all digits except the big toes (halluces)
which have flat nails. Scent glands on the sternum
and in the circumgenital area are used in marking
behavior. Tamarins in contradistinction to mar-
mosets are "long tusked," having canines longer
than incisors (Coimbra-Filho and Mittermeier,
1977).

THE GENUS Leontopithecus.—The genus com-
prises three subspecies: L. rosalia rosalia, L. rosalia
chrysopygus, and L. rosalia chrysomelas (Hershkovitz,
1977:825) (Figure 2). Lion tamarins (500 to 800
g) are the largest callitrichids. Coimbra-Filho and
Mittermeier (1973:55) and Coimbra-Filho (1977)
report that in the wild these monkeys occupy the
middle canopy of remnants of original Brazilian
coastal forests and do not occupy secondary
growth.

In recent decades, the habitats of all three
forms have been greatly reduced by human en-
croachment. For the three lion tamarin subspecies
combined, recent estimates list a total of only 600
to 1200 animals left in the wild (Coimbra-Filho
and Mittermeier, 1973). Extinction in the wild is
likely. Breeding and research centers have been
established at the Tijuca Biological Bank, Rio de
Janeiro (Magnanini et al., 1975), and at the
National Zoological Park, Washington, D.C.
(Kleiman, 1977b; Kleiman and Jones, 1977).

ACKNOWLEDGMENTS.—Predoctoral fellowships
from the Smithsonian Institution and the Friends
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L.r. chrytopyqm

Stat t of Sao Paulo

FIGURE 2.—Current distribution of the genus Leontopithecus
within Brazil (after Coimbra-Filho and Mittermeier,
1972:19; Hershkovitz, 1977:808). The three subspecies are
shown: L. rosalia rosalia (the golden lion tamarin), L. rosalia
chrysomelas (the golden-headed lion tamarin), and L. rosalia
chrysopygus (the golden-rumped lion tamarin). (Drawing by
S. Bruch.)
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of the National Zoo made this research possible.
Drs. Devra G. Kleiman and John F. Eisenberg of
the National Zoological Park generously provided
advice, encouragement, and the opportunity to
study lion tamarins. Also thanks must go to Drs.
Kenneth M. Green of Howard University, Wash-
ington, D.C, and Robert E. Vorek of Prince
George's College, Largo, Maryland, for their com-
ments on data collection and analysis. I am es-
pecially indebted to Ms. Lynn Dorsey Rathbun,
formerly of the National Zoological Park, for the
drawings of the food sharing sequence taken from
my own Super-8 mm film. Ms. Sigrid Bruch of
the National Zoological Park, prepared most of
the figures, and Mr. Zenon Slawinski of Wash-
ington, D.C, and Ms. Patricia Lesneski of Rock-
ville, Maryland, provided modifications to several
sketches. Ms. Tabetha Carpenter of the National
Zoological Park and Ms. Wyotta Holden, for-
merly of the National Zoological Park, typed the
final manuscript.

I am most grateful to Dr. Devra G. Kleiman
for her enthusiastic cooperation throughout this
project; her critiques of manuscript drafts were
particularly valuable. Drs. James Russell, Nancy
Muckenhirn, Katherine Rails and Ms. Patsy An-
drews of the National Zoological Park kindly
critiqued the final draft. My wife, Patti, helped
to make the work possible; her patience was
extraordinary, and her fortitude exceptional. Fi-
nally, my children, Christopher, Theresa, Neal,
and Kevin helped to keep me ever mindful that
watching human youngsters grow up is even more
exciting and rewarding than observing the fasci-
nating behavior of young tamarins.

Study Site and Methods

From February 1974 through January 1976, I
studied the birth and maturation of seven litters
of lion tamarins (L. r. rosalia) in four nuclear
family groups at the National Zoological Park
(NZP), Washington, D.C. Three successive litters
were observed in one family, two in another, and
one each in two others (Table 1). Each group
consisted of an adult breeding pair and one to
three sets of offspring. Among families in which
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more than one litter was studied, family compo-
sition (except for the breeding pair) changed from
one birth episode to the next as subadults were
removed to form new groups. Within the four
family groups, a total of 22 animals was involved
in the observations. Observations were made ir-
regularly on nine other animals in three addi-
tional groups. However, since none of these
groups produced young that survived infancy
during the period of data collection, they were
not included in the analysis. I followed closely 14
young, 8 males and 6 females (referred to herein
as the "focal tamarins"). Nine were studied
through the first 52 weeks of life, two for the first
34 weeks, and three from weeks 41 through 52.

Two groups were on public display in the NZP
Small Mammal House. Each family occupied a
three-sectioned, 6.1 X 1.8 X 2.5 m, glass-fronted
cage. All other groups were housed in an off-

exhibit research facility. This building included
six rooms measuring 4.6 X 3.7 X 4.6 m for free-
running animals and a seventh room of the same
size with small holding cages. Each room had an
adjoining outdoor porch area for use during warm
weather. Families in both buildings were visually
isolated from one another; but vocal and olfactory
communication was possible between groups.
Human observers were in full view of the animals
at all times.

The enclosures in the Small Mammal House
and the research facility contained diagonal and
horizontal tree limbs, at least two nest boxes, and
a wood chip substrate. The tamarins were fed
twice a day with a diet of Science Diet Brand
Marmoset Ration (Hill Packing Co., Topeka,
Kansas), fruits, crickets, hairless mice, vegetables,
and cottage cheese.

In the first four weeks after birth, quantitative

TABLE 1.—Family group composition for the 14 focal tamarins (italicized) included in seven
litters born at the National Zoological Park between February 1974 and May 1975 (capital
letters plus numerals designate groups with multiparous parents; subscripts indicate repeat
litters for one parental pair; unsubscripted capital letters designate groups with primiparous
parents; dashes indicate no individuals; individual lion tamarins are identified by sex, NZP
accession number, and age in years)

Family
group

A,

A*

Bi

B,

Bj

C

D

Focal taramin litters

6M00863

<5M00862*

6M01006
9M0I007

9M00872

6M00996
9M00997

6M01186
9M01887
9M01888d

6M00885
9M00886

6M0I253

Father

NZP No.

<J33691

6*33691

<53O57 l-A

6*30571-A

6*30571-A

6*MOO27O

6*M00716

Age

6.75

7.33

>8.50

>9.00

>9.67

2.25

2.00

Mother

NZP No.

932721-B

932721-B

$33692

933692

933692

9M00320

9MOO7O9

Age

6.00

6.50

>6.75

>7.25

>7.75

2.00

2.00

NZP No.

6M0071?
6M007l^

6M00863

<5MOO7O8C

9M00709h

9M00872

9M00872

-

(JMO0715

Older sibling litters

Age NZP No. Age

0.75
0.75

0.60

0.85
0.85

0.45

1.10 6M00996 0.67
9M00997 0.67

- -

2.00

* Died day 3.
b Focal tamarins observed only in young subadulthood (weeks 41-52).
c Young tamarin that died 3 weeks after focal infant was born; <5MOO7O8 is not included as a focal animal.
d Stillborn.
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data collection was limited to infant carrying
behavior and the first appearance of behaviors in
the five other categories selected for study.

Since infant carrying data were collected and
analyzed in the earliest phase of this study, the
methods used were somewhat different from the
analytical procedures applied to the other behav-
iors. Specifically, infant carrying was observed
beginning day 1 after birth, but unlike data
collected for other behaviors, infant carrying time
was recorded in minutes; summaries were made
every seventh day. Carrying time was recorded
up to week 12. After week 12, infants were infre-
quently carried.

From week 5 through week 52, quantitative
data were collected for (1) food sharing and steal-
ing, (2) allogrooming, (3) scent marking and so-
cial sniffing, (4) sexual behavior, and (5) agonistic
behavior. For each of these five behavior classes,
a 30-second interval was used to score both social
interactions and individual behavior. A score of
1 was given to one or more occurrences of a
specific behavior within each 30-second block of
time. These scores are referred to as behavior
rates and are adjusted to an average rate per hour
of observation time.

Each of the 14 focal tamarins was observed an
average of 45 minutes per week. A total of 273
hours of observation was accumulated. Data were
recorded between 9:00 A.M. and 6:00 P.M. with an
emphasis on afternoon hours. Data on physical
growth (weights and body measurements) were
also collected (Appendix II).

The data were examined for first appearance
of specific behaviors and the influence of three
variables on maturing young: (1) parental repro-
duction (mating, pregnancies, and birth of sib-
lings); (2) older and young siblings present in the
family group, and (3) same and opposite sex
biases in social interactions within the family
group. The examination of this last variable re-
quired an analytical format (Appendix V) that
permitted the evaluation of preferential interac-
tions between focal tamarins of each sex and
other family members in three age/sex categories
(Appendix VI).

Since data collection in weeks 1-4 was limited

to infant carrying and the initial appearance of
behaviors, this study emphasizes data collected in
weeks 5-16, 17-28, 29-40, and 41-52, which ap-
proximately correspond to maturational stages
discernible by observations of physical, social,
and sexual development. For nonhuman pri-
mates, the appearance of the first permanent
teeth has been used as a marker for the end of
infancy (Napier, 1972:66), while the appearance
of the last permanent teeth has been considered
a marker for the end of the juvenile stage (Si-
monds, 1974:93). The first permanent teeth in
marmosets and tamarins usually erupt before
week 16 after birth, while the last permanent
teeth appear between weeks 40-48 (Johnston et
al., 1970; Chase and Cooper, 1969; Immendorf,
1961). In the primate collection at the National
Museum of Natural History (Smithsonian Insti-
tution, Washington, D. C), there are four skulls
with mandibles from L. r. rosalia subadults, rang-
ing in age from 11 to 13.5 months (USNM
3982006\ USNM 534978$, USNM 534283$; and
NZP 236716*). The dentitions of these specimens
show that the canines are fully erupted by ap-
proximately 13 months. Thus, the four 12-week
phases outlined above roughly agree with the first
and last of the general callitrichid dental stages.
The four 12-week blocks, plus the first 4 weeks
following birth were divided into the following
phases: Dependent Infant (weeks 1-4), Advanced
Infant (weeks 5-16), Young Juvenile (weeks 17-
28), Advanced Juvenile (weeks 29-40), and
Young Subadult (weeks 41-52). Green (1979:8),
who also worked on lion tamarins at the National
Zoological Park, has suggested the extension of
this classification to describe Advanced Subadults
(53-64 weeks of age) and Adults (65 weeks and
over). Two reasons exist for accepting these cate-
gories: at 15 months (about 64 weeks) L. r. rosalia
weights appear to be entirely within the upper
and lower ranges of adult variation, and at 16
months (69 weeks) the earliest conception of a
female lion tamarin at the NZP took place; for L.
r. rosalia males, 17 months (73 weeks) was the time
for the earliest impregnation recorded. These
events took place only after the young adults were
removed from their families. Thus, actual breed-
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ing probably occurs only after offspring leave the
natal group and may not be a normal behavior
for both sexes until sometime after 65 weeks.
Statistical tests follow Siegel, 1956; Ferguson,
1959; Downie and Heath, 1974.

Behavioral Definitions

INFANT CARRYING.—Carrying behavior was in-

vestigated from two perspectives: the transport of
infant focal tamarins by other family members
and the transport of newborn siblings by matur-
ing focal tamarins. Carrying occurred when an
infant's weight was supported by another group
member and the infant was off the substrate
(Figure 3); this included nursing positions while
on the mother. Infants were recorded as indepen-
dent or "off' if most of the body was in contact
with the substrate and not supported by another
animal. Active transport (i.e., moving while
carrying an infant) was not the only criterion for
carrying since a "carrier" could support an infant
while lying down. Except when nursing or at-
tempting to nurse, infants clung to the dorsum of
the carrier.

FOOD SHARING AND STEALING.—Snyder (1972)
was the first to apply the terms sharing and
stealing to food transfers among L. r. rosalia;
however, clear distinctions between the behaviors

Animal Po

sible Actions To

Exhibiting Int

sing Food

s Other Group Membe

t In Food Item)

No Solicitatio

Solicitation Giv

FIGURE 3.—Leontopitfucus r. rosalia father carries twin off-
spring. (Drawing by S. Bruch from a photo by L. Newman.)

FIGURE 4.—Classification of food transfers among Leontopi-
thecus r. rosalia at the National Zoological Park (1 = food
stealing; 2 — quasi-food stealing; 3 — passive food sharing;
4 = overt food sharing).

were not provided. C.G. Wilson (1976) distin-
guished three forms of food sharing in lion ta-
marins but did not define food stealing.

During interactions involving food, a lion ta-
marin could succeed or fail in trying to acquire
food. Taking successes only and using a scheme
based on whether there was solicitation and/or
resistance by the animal possessing food, four
forms of transfer could result (Figure 4).

Food Stealing: A possessor of food does not
solicit investigation by a second animal and un-
successfully resists a theft attempt (Figure 5).

Quasi-food Stealing: A possessor initially solicits
investigation by another, then unsuccessfully re-
sists the attempt to take its food. (This type of
interaction occurs very rarely.)

Passive Food Sharing: A possessor of food nei-
ther solicits nor resists another's attempt to take
its food (Figure 6).

Overt Food Sharing: A possessor actively solicits
another's approach and allows food to be taken
without resistance. Solicitation may be simply a
movement of the possessor of food toward a sec-
ond animal, thereby attracting attention. How-
ever, complex signals have also been observed
and filmed, including an approach together with
a rasp vocalization and a stare at the intended
recipient followed by the possessor sitting on its
haunches while holding the food away from the
body (with elbow bent). The possessor may then
hold its head erect and look over and beyond the
recipient while the latter takes the food (Figure


