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The Leontopithecus genus comprisesthefollowing four recognized species: L. rosalia,
L. chrysomelas, L. chrysopygus, and L. caissara, which are considered the largest
genusin the Calitrichidae family. They occupy areas of the Atlantic Forest in Brazil, the
former three species being criticaly endangered. Primates are sexually dimorphic in a
range of morphological characteristics, such asbody weight, fur, organs, and cranial, axial,
and appendicular skeletons. Thisstudy assessed sexua dimorphismin body morphological
characteristics of Leontopithecus kept in captivity. Body morphological variations were
studied in asignificant sample of the genusLeontopithecus. The analyseswere performed
aiming at testing possible sexua dimorphism. Welch's approximate t test was used for
ng 13 body measurements, some of which were sexually dimorphic, such as chest
perimeter, and arm, thigh, and foot lengths. No sexual dimorphism wasevidenced for body
weight in L. rosalia and L. chrysopygus. Body weight in L. chrysomelas, however, was
dimorphic. Asawhoale, our study confirmed thelack of sexual dimorphism for body weight
in Leontopithecus. On the other hand, it emphasized the findings regarding body weight
inL. chrysomelas, aswell asthesignificant differencesfound inthe appendicul ar skeleton
and chest perimeter in the sample studied.
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INTRODUCTION

TheLeontopithecus genus (L esson 1840) comprises
thefollowing four recognized species: thegoldenlion
tamarin Leontopithecus rosalia (Linnaeu 1766), the
golden-headed lion tamarin Leontopithecus chrysome-
las (Kuhl 1820), the black lion tamarin Leontopithecus
chrysopygus (Mikan 1823), and the black-faced lion
tamarin Leontopithecus caissara (Persson & Lorini
1990) (Coimbra-Filho 1990). These are the largest

Callitrichid speciesoccupying theisolated remnants of
theAtlantic Forest in Brazil. Thefollowing three species
wereconsidered “critically endangered” by thelUCN
Species Survival Commission (Rosenberger &
Coimbra-Filho 1984, Rylandset d. 1993, IUCN 1996),
L. rosalia inthe state of Rio de Janeiro; L. chrysopygus
inthe state of S&o Paulo, and L. chrysomelas, restricted
to the forests of the southern region of the state of
Bahia
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Primatesaresexudly dimorphicinarangeof morpho-
logica characterigtics, such ascoat, body weight, organs,
and cranial, axial, and appendicular skeletons
(Leutenegger & Cheverud 1985). Therearetwo major
theoriesexplaining the causes of sexua dimorphism. The
most traditional oneisthe* sexual selection” (Darwin
1871), based on competition among malesfor mating.
The other theory considerstheintraspecific competition
of males and females for environmental resources,
especialy food (Selander 1972). Several corollariesto
these basi ¢ theories have a so been proposed (Clutton-
Brock & Harvey 1977, Leutenegger & Cheverud 1985).

Inregardtomorphological characterigtics, thenumber
of publicationsabout New World primatesisevensmdler
than that about Old World primates. These studieson
New World primatesare usualy aimed at helpinginthe
assessment of little known species (Rosenberger &
Coimbra-Filho 1984, Lemos de S4& Glander 1993,
Bicca-Marqueset al. 1997, Garber & Leigh 1997), or
of recently described species(Lorini & Pearson 1990,
Ferrari & Lopes1992, Mittermeier et al. 1992, Queiroz
1992, Roosmalen et al. 1998).

An approach frequently associated with mophome-
tricsaspectsissexua dimorphism, markedly variations
in size (Leutenegger & Larson 1985, Leigh & Shea
1995, Taylor 1995, Walvath & Glantz 1996, L ockwood
1999, Holden & Mace 1999). However, thisshould be
analyzed carefully, because someaspectscaninfluence
in the results, as occurred with Ateles. Peres (1994)
reported that Ateles had reversesexua dimorphism (i.e,
femaleswere larger than males), afact that wasthen
refuted by Smith (1996), who justified that Peres
affirmation (1994) wasbased on acompilation of data

obtained in a study by Ford & Davis (1992) and on
wrongimplementation of satistical caculations.

The present study aimed at analyzing sexual
dimorphismin body morphological characteristicsin
Leontopithecus kept in captivity.

MATERIALSAND METHODS

Sixty-sx liontamarinsfromthe Center of Primatology
of Rio deJaneiro (CPRJFEEMA) were studied. The
facility islocated 100 km northeast of thecity of Riode
Janeiro, in aprotected forest area of the Serrados Or-
gaosmountain range. At thisfacility, theanimalswere
housed in groups and the enclosures were |ocated
outdoors, being, thus, exposed to the Atlantic Forest
conditionssuch assounds, temperature, andrainfall. The
enclosuresmeasured 6.0 x 3.0 x 2.5 meters. The south
wall of each wasmade of concrete, and the other three
wallswere made of wire mesh. Food and fresh water
were provided twiceaday. Thediet consisted of bread,
bananas, eggs, raisins, meat, various commercially
prepared protein supplements, and invertebratelarvae
(Coimbra-Filhoet al. 1981).

Many of the body measurementsadopted inthisstudy
had aready been widely used by other authorsin mor-
phometric studies (Schultz 1929, Hershkovitz 1977,
Rosenberger & Coimbra-Filho 1984). In our study, 13
measurements were taken (Table 1) in the sample
cons sting of thefollowing adult animalsfromthe CPRJ
FEEMA museum collection: 21 L. rosalia (11 females);
21 L. chrysomelas (11 females); and 21 L. chrysopygus
(10 females). The sex and age of theanimalsbornin
captivity or inthewild, but monitored in their natural
environment, were known. According to Kleiman

Table 1. Measurements taken with measuring closes, digital calipers, and digital scale, according to other studies (Schultz

1929, Hershkovitz 1977, Rosenberger & Coimbra-Filho 1984).

Measurements

Description

MI Body Weight (g)
MIl Head Length (mm)

MIll Head Breadth (mm)
MIV Horizontal Head
Circumference (mm)
MV Sitting Height (mm)
MVI Trunk Height (mm)

MVII Chest Circumference (mm)
MVIII Hand Length (mm)

MIX Upper Arm Length (mm)
MX Forearm Length (mm)
MXI Foot Length (mm)

MXII Leg Length (mm)
MXIII Thigh Length (mm)

Obtained from the CPRJ-FEEMA museum files, containing data accurately measured with a 1g scale.
Maximum antero-posterior diameter; from glabella to the most distant point on the occiput in the midsagittal
plane.

Maximum lateral diameter; greatest breadth of the brain-part of the head over the parietal or temporal bone,
perpendicular to the midsagittal plane.

Greatest horizontal circumference of head through the glabella, i. e., in the same plane as the head length Mil).

From vertex to the most caudal point on buttocks over the ischial tuberosities, taken parallel to the body axis.
Anterior trunk height, formerly called thoraco-abdominal height; from suprasternale to symphysion, parallel
to the body axis.

Circumference of chest in the plane determined by the nipples.

From carpale to chirodactylion Il ou IV, parallel to the longitudinal axis of the hand, and with the forearm, palm
and fingers in one direction.

From acromion to radiale. Since the upper end point of this measurement is not situated on the humerus it
is important to hold the upper arm always in the same position, namely, close to the side of the chest.
From radiale to stylion. It will be found most practicable to take this measurement with the hand in a position
of supination so that the two landmarks are on the same side of the forearm.

From pterion to pododactylion Il or IV, parallel to foot axis and with the toes perfectly straight.

From tibiale to sphyrion, parallel to the long axis of the tibia.

From trochanterion summum to femorale, parallel to the long axis of the femur.
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(1981), lion tamarinsbecome sexud ly mature (adult) at
approximately 18 monthsof age.

Although no anima wassacrificed for thisstudy, some
died from different natural causes and underwent
Necropsy.

Measurementswere taken with measuring tapes, di-
gitd cdipers, and digital scale, with respectiveaccuracies
of 1cm, 0.01 mm, and 0.01 g.

Descriptive statisticswere cal cul ated for each mea-
surement in all speciesof Leontopithecus. Inorder to
andyzeunivariate differencesbetween sexes, themeans
wereinitialy compared using the Student t test. Thistwo
samplet test assumesthat both samplescomeat random
fromanormal population with equal variances. When
thisassumptionisnot vaid, we can perform aprocedure
known asWelch’s approximatet test (Zar 1984, Burity
et al. 1997a). Asin this study some variances were
datisticaly different, invalidating thet test assumptions,
Welch'sgpproximatet test wasused. Thistest consisted
of an approximatet value, for which thecritical value
was cal culated as aweighted average of thecritical t
values based on the corresponding degrees of freedom
of thetwo samples(Sokal & Rohlf 1995).

Table 2. Values of mean and standard error of mean (SEM) for
each outer body measurement in both sexes of Leontopithecus
rosalia, and results of comparison between sexes.

RESULTS

The results of the univariate analyses of body
measurementsof Leontopithecus areshownin Tables
2todandFigurel.

Comparing males and females using Welch's
approximatet test, significant differencesin some body
measurementswerefound (p<0.05; sexua dimorphism).
However, chest perimeter (M.VII) and foot length
(M. XI) weretheonly dimorphic measurementsin two
of the three species of Leontopithecus (Figure 1)
gtudied. Other measurementsweredimorphicinisolation
(Tables2to 4).

Considering the 13 body measurementsstudied, L.
chrysomelas wasthe most sexually dimorphic species
(4/13=31%), followed by L. rosalia (3/13=23%), and
L. chrysopygus (2/13=15%). In these sexually
dimorphic measurements, males always had greater
valuesthanfemaesdid (Tables2to4).

DISCUSSION

Inthescientificliterature, studieson morphology or
morphometry of Leontopithecus, independently from
the descriptionsof holotypes, are scarce. Most publica-

Table 3. Values of mean and standard error of mean (SEM) for
each outer body measurement in both sexes of Leontopithecus
chrysomelas, and results of comparison between sexes.

Measurements Female (n=11) Male (n=10) Welch’'s t Prob. Measurements Female (n=11) Male (n=10) Welch’'st Prob.
Mean SEM Mean SEM Mean SEM Mean SEM

MI)-Body 463.00 31.21 528.70 40.45 1.29 NS MI)-Body 531.82 20.97 591.00 14.64 231  0.02
Weight (g) Weight(g)

Mil)-Head 49.71 030 5080 059 165 NS Mil)-Head 49.05 052 5097 050 266 0.007
Length (mm) Length(mm)

Mill)-Head 31.10 058 31.03 0.60 -0.08 NS Mill)-Head 3056 049 3127 0.60 0.92 NS
Breadth (mm) Breadth(mm)

MIV)-Horizontal Head 150.82 1.58 146.30 255 -151 NS MIV)-Horizontal Head 148.00 1.46 152.80 2.09 1.88 0.04
Circumference(mm) Circumference(mm)

MV)-Sitting 24118 256 24550 283 1.13 NS MV)-Sitting 24545 249 241.00 256 -1.25 NS
Height(mm) Height(mm)

MVI)-Trunk 160.96 3.02 165.92 183 140 NS MVI)-Trunk 150.80 4.34 148.24 419 -0.42 NS
Height(mm) Height(mm)

MVII)-Chest 151.27 220 14740 3.01 -1.04 NS MVII)-Chest 14257 584 16150 392 269 0.007
Circumference(mm) Circumference(mm)

MVIIl)-Hand 58,53 1.04 60.67 0.77 165 NS MVIIl)-Hand 6481 1.01 6292 132 -1.14 NS
Length(mm) Length(mm)

MIX)-Upper Arm 67.72 087 7095 094 252 0.01 MIX)-Upper Arm 68.96 0.78 6843 0.62 -0.53 NS
Length(mm) Length(mm)

MX)-Forearm 68.13 0.84 6815 118 0.01 NS MX)-Forearm 69.90 1.14 70.06 090 011 NS
Length(mm) Length(mm)

MXI)-Foot 7538 080 7795 118 180 0.04 MXI)-Foot 80.35 0.74 8214 094 150 NS
Length(mm) Length(mm)

MXiIl)-Leg 85.35 0.99 89.69 082 260 0.008 MXIl)-Leg 8747 126 8879 135 0.71 NS
Length(mm) Length(mm)

MXIIl)-Thigh 7534 110 7497 066 -029 NS MXIIl)-Thigh 7457 066 7385 124 -051 NS
Length(mm) Length(mm)

n = Sample size; n = Sample size;

SEM = Standard error of the mean; SEM = Standard error of the mean;

Prob. = Probability of being different from zero; Prob. = Probability of being different from zero;

Welch's t = Welch’s approximate t test; Welch's t = Welch's approximate t test;

NS = Not significant (p>0.05) NS = Not significant (p>0.05)
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Table 4. Values of mean and standard error of mean (SEM) for
each outer body measurement in both sexes of Leontopithecus
chrysopygus, and results of comparison between sexes.

Measurements Female (n=10) Male (n=11) Welch’s t Prob.
Mean SEM Mean SEM
MI)-Body 597.50 22.28 624.55 22.21 0.86 NS
Weight (g)
Mil)-Head 51.62 052 50.82 052 -1.09 NS
Length (mm)
Mill)-Head 31.01 0.63 32.00 033 139 NS

Breadth (mm)

MIV)-Horizontal Head 163.00 9.14 158.64 2.08 -0.47 NS
Circumference (mm)

MV)-Sitting 249.00 5.19 248.00 2.67 -0.17 NS
Height (mm)

MVI)-Trunk 171.74 2.74 17475 3.83 0.64 NS
Height (mm)

MVII)-Chest 14470 3.35 153.82 2.31 2.24 0.02
Circumference (mm)

MVIIl)-Hand 66.48 054 67.14 0.73 0.73 NS
Length (mm)

MIX)-Upper Arm 7168 225 7415 084 1.03 NS
Length (mm)

MX)-Forearm 70.73 2.04 7205 123 055 NS
Length (mm)

MX]I)-Foot 81.02 139 8420 0.84 196 0.03
Length (mm)

MXIl)-Leg 86.92 2.04 90.16 1.46 129 NS
Length (mm)

MXIII)-Thigh 7549 3.03 7896 1.10 1.08 NS

Length (mm)

n = Sample size;

SEM = Standard error of the mean;

Prob. = Probability of being different from zero;
Welch's t = Welch'’s approximate t test;

NS = Not significant (p>0.05)
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Figure 1. Box-Whisker plot for M.XI - Foot Length (mm) showing
sexual dimorphism among species of Leontopithecus.
Whisker, min and max; Box, standard deviation; Line, mean;
S, significant; NS, non significant.
tionsarelimited to analyzing body weight and compiling
data from older studies based on 1 or 2 wild and/or
captiveindividuals, mainly L. rosalia.

Two studiesabout the morphometric featuresof body
proportionswerefoundintheliterature. Ashton et al.
(1975) reported body indices for 24 Leontocebus
(=Leontopithecus) based on datafrom Schultz (1956),
despite not referring to the speciesstudied, most likely

L. rosalia. In addition, the dataobtained were presented
asindices, making thecomparison with our datadifficult.
Inasecond study, Oxnard (1983), a so based on Schultz
(op. cit.), performed univariateand multivariate analyses
in several genera, Leontocebus (=Leontopithecus)
included. Oxnard (1983), studying these body
proportions, found no sexua dimorphismin Leontocebus
(=Leontopithecus, probably L. rosalia). However, in
univariate anadysis, measurementsrel ated to thelimbs,
suchasforearm, legs, and foot lengths, weresignificantly
dimorphicfor L. rosalia.

In regard to body weight, alarger number of publi-
cationsmay befoundinthescientificliterature. However,
thesearestill insufficient, aswell asmuch too focused
onL.rosalia.

Thefirg sudieson compared anatomy, inwhich data
onthespeciesherestudied may befound, reported mean
valuesfor body weight, total length (herecalled sitting
height), and foot length that do not statisticaly differ from
those obtained inthisstudy. Hill (1957) reported values
for theparametersabovecited only inLeontocebus rosalia
(=Leontopithecus rosalia) based only onthree samples
(2madesand 1 femae). Hershkovitz (1977) reported data
on L. rosalia, L. chrysomelas, and L. chrysopygus,
which, dthough origineting from reduced samplesby other
authors, aso do not differ from our data.

Itisworth noting that body weight isavery difficult
variable to analyze, mainly due to, environmentally
induced or not, physiological variationsand to captivity
conditions (our case). Dietz et a. (1994) reported that,
in nature, theweight of L. rosalia malesand females
varied according to thedry or rainy season, or evenasa
result of social interactions, such asreproduction and
competition. Thisalso suggeststhe absence of sexual
dimorphisminbody weight inthat L. rosalia population.
We confirmed theabsence of sexua dimorphismin body
weight only inL. rosalia and L. chrysopygus. However,
it isworth emphasizing that other measurementsin
isolation proved to be dimorphic in the species here
analyzed using Welch’st test, especially foot length,
which was sexually dimorphic in L. rosalia and L.
chrysopygus. It isalso worth emphasizing that for all
sexually dimorphic measurements, malesalways had
greater mean vauesthanfemaesdid.

In their study, Dietz et al. (1994) reported that,
athough L. rosalia wasnot dimorphic, adult maleswere
4% larger thanfema eswere, differently fromthat which
is here shown. The males of the three species here
studied were, on average, 9% larger thanfemaeswere,
probably dueto their captivity origin.

Ford & Davis(1992), in an extensive study on body
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size of New World primates, reported that the
Leontopithecus genus was monomorphic for body
weight (i.e., nomarked sexual dimorphism). Ingenerd,
our study confirmed thelack of sexual dimorphismfor
body weight in Leontopithecus. However, itisworth
emphasizing that the sampleof L. chrysomelas studied
wasdimorphic according to Welch'st test. Other smi-
lar studies also confirmed the monomorphism of L.
rosaliainregardto body weight (Leigh 1992, Garber
& Leigh1997).

More recently, only the study by Rosenberger &
Coimbra-Filho (1984) reported biometric datafor the
Leontopithecus speciesthat could be compared with
thosein our study, dueto the deficiency in morphome-
tricdatafor thesecdlitrichidsinthe scientificliterature,
Rosenberger & Coimbra-Filho (1984) reported only four
body variables (among which, craniodental variables).
Of thosefour, threewerea so part of our study: weight,
body length, and foot length. The mean values of these
variableswerevery smilar tothosefound in our study,
except for L. chrysopygus; the authors, however, used
only two females, with no report onweight.

Rosenberger & Coimbra-Filho (1984) werethefirst
to quantitatively recognize sexud dimorphismfor dentd
characteristicsin L. rosalia. Those authors considered
that inthe other two speciesstudied, thesampleavailable
wasmuch too small to allow further considerationson
sexud dimorphism. Pissnatti et d. (1992) reported sexu-
a dimorphisminthepevisof Leontopithecus usngthet
test and anischiopubicindex. Based onthisindex, those
authorsidentified L. chrysopygus asthemost dimorphic.
Duetoredtrictionsonthesamplesizefor using thet test,
Pissinatti et a. (1992) analyzed only L. rosalia, which
proved to be sexually dimorphic in regard to pelvic
measurements.

Inpreviousstudiesanalyzing craniometric variables,
Burity etd. (1997a, 1997b, 1999) reported alarge number
of sexudly dimorphicvariables. Therefore, craniometric
variablesarestronger evidenceof sexua dimorphismfor
the sampl e studied than body parametersare, thelatter
showingthat dimorphismmorediscretdly.

Ingeneral, our study confirmed the lack of sexual
dimorphism for body weight in Leontopithecus.
However, the findings regarding body weight in L.
chrysomelas are noteworthy, asarethe significant di-
fferencesfoundin regard to the appendicular skeleton
and chest perimeter in the samplestudied.
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