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Abstract:- The Paraguayan tufted capuchin, Cebus libidinosus paraguayanus, lives in two different areas in
South America: oneisthe forest of eastern Paraguay to the south of the Matto Grosso in Brazil and the other isthe
most southern cloud Andean Forest known as Yungas of northwest Argentina and south of Bolivia. The Tambopata
tufted capuchin, Cebus libidinosus pallidus lives in the north to the center of Bolivia and northwest of Matto
Grosso. The objective of this study was to evaluate the phenotypic and craneometric differences between three
alopatric populations, assigned to the two different subspecies: one population of C. |. paraguayanus from the
Yungas region of northwest Argentina, an other one of the same subspecies from eastern Paraguay, and a popula-
tion of C. I. pallidus from the south central Bolivia region of Buena Vista. The study consisted of phenotypic
observation of museum’s skins and a multivariate analysis of 21 cranial measurements of specimens housed in the
collections of the Museo Argentino de Ciencias Naturales and Museo Nacional de Historia Natural del Paraguay.
Two phenotypes are found in the Yungas and south central Bolivian specimens each, and one for the Paraguayan
population, two phenotypes were similar to each other: the Yungas C. |. paraguayanus and Bolivian C. |. pallidus.
The multivariate analysis denoted light craneometric differences between the three populations. Because the
Yungas capuchin shares at least one phenotype with the Buena Vista Bolivian population, and the allopatric
distribution of the paraguayanus subspecies which are about 800 km apart one each other It is proposed to name
all the northwest Argentina and south of Bolivia Yungas forest Capuchin as C. |. pallidus.

Resumen.- El mono cai, Cebus libidinosus paraguayanus, vive en dos diferentes areas en Sudamérica: una
poblacion desde las selvas del este de Paraguay al sur del Matto Grosso en Brasil y laotraen las selvas de neblina
del los Andes conocido como las Yungas en el noroeste de la Argentina'y sur de Bolivia. El mono cai Cebus
libidinosus pallidus vive en el norte y centro de Boliviay en el noroeste del Matto Grosso. El objetivo de este
estudio fue evaluar las diferencias fenctipicas y craneométricas entre tres poblaciones al opétricas, asignados a dos
diferentes subespecies: una poblacion de C. |. paraguayanus de laregién de las Yungas Argentinas, y otra de la
misma subespecie proveniente del este paraguayo, y una poblacién de C. |. pallidus de laregién de Buena Vista
en el centro sur boliviano. El estudio consistio en observaciones fenotipicas de pielesy de andlisis multivariados
de 21 medidas craneales, de especimenes depositados en el Museo Argentino de Ciencias Naturalesy en el Museo
Nacional de Historia Natural del Paraguay. Dos fenotipos fueron identificados en las pieles provenientes de la
yungas, dos de las provenientes del centro sur de Boliviay solo un fenotipo Unico paralas pieles provenientes del
Paraguay. Dosfenotiposfueron similaresentre si: uno proveniente delasyungas delu subespecie C. |. paraguayanus
y otro delasubespecie C. 1. pallidus deBolivia. El andlisismultivariado muestrapequefias diferenciacraneométricas
entre las tres poblaciones. Debido a que los monos kai de la Yungas argentinas comparte por o menos un fenotipo
con la poblacién proveniente de la regidon de Buena Vista, Bolivig, y la distribucion alopétrica de la subespecie
paraguayanus, lacua estén separadas por una franja de aproximadamente 800 km, se propone denominar atodos
los especimenes de las Yungas del noroeste argentino y sur boliviano como C. I. pallidus.

The Paraguayan tufted capuchin, Cebus
libidinosus paraguayanus Fisher 1829, hastwo
allopatric distribution: one is between the
Parana and Paraguay rivers in the forest of
eastern Paraguay to the south of the Matto
Grosso, Brazil, and the other inthe cloud for-
est of the Andes, known as Yungas, of north-
western Argentina and south of Bolivia
(Cabrera 1939, 1957; Brown & Rumiz, 1986;
Zunino & Mudry 1993) (Fig. 1). Betweenthese

two separated populationsisthe extensive and
xeric Chaco plateau in which no species of ca-
puchin monkey occur (Mantecon et al, 1984,
Brown & Rumiz, 1985; Anderson, 1997).
Mantecon et a. (1984) and Zunino & Mudry
(1993) hypothesize aforest running just north
of the Chaco plateau in Boliviaconnecting the
populations of southern Boliviawith the south
of Matto Grosso in Brazil. This could be the
subhumid rainforest of ‘ Bosques Chiquitanos
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Fig. 1. Distribution map: light grey: C. |. paraguayanus;
dark grey: C. |. pallidus.

of central Bolivia, but according to Brown &
Rumiz (1985) and Anderson (1997) this area
is inhabited by a different subspecies: The
Tambopatatufted capuchin, Cebuslibidinosus
pallidus Grey, 1965, which inhabitsthe jungles
of northern and central Boliviaand northeast
of Matto Grosso (Cabrera, 1957; Brown &
Rumiz, 1985) (Fig. 1).

The taxonomy of these monkeys is very
complex and confusing. Elliot (1913) described
Cebus azarae from Paraguay and Matto
Grosso, and C. azarae pallidus from Santa
Ana, Pery, into Bolivia, with itscompleterange
referred to “ unknown” , he denoted the similar-
ity between the two forms and pointed out the
variability he found in the species; however,
he described the pallidus form as generally
darker.

Cabrera (1917) described Cebus
paraguayanus as afull species including two
subspecies: C. p. paraguayanusfrom Paraguay
and Matto Grosso and C. p. pallidus as an
occidental darker race of C. paraguayanus.
Cabrera (1939) reported for the first time the
occurrence of Cebus paraguayanus in the

northwest Argentinean region; he also noted
that the forms paraguayanus and pallidus are
closely related but gave them full species sta-
tus. Later on, Cabrera (1957) recognized 11
subspecies for Cebus apella, among them he
named C. a. pallidus from North and Central
Boliviaand northeast of Matto Grosso and C.
a. paraguayanus from Paraguay to Matto
Grosso and southeast Bolivia and northwest-
ern Argentina.

The revision of the species made by Hill
(1960), recognizing 16 subspecies, among
them: Cebusapella pallidusand Cebus apella
kay (=paraguayanus). He found them very
similar, but in contrast with the descriptions
made by Elliot (1913) and Cabrera (1917), he
found C. a. paraguayanus “...darker in gen-
eral colour, differing in the form of the black
cap and the coloration of hands, feet and dig-
its...”, but he describes phenotypic variation
in both subspecies.

Mantecon et a (1984) confirmed the ab-
sence of Cebus in the Chaco plateau and de-
scribed the specimens from the northwest Ar-
gentina and eastern Paraguay as similar and
specimens from southeast Bolivia as reddish
compared to the others.

Brown and Rumiz (1985) mentioned that
the alopatric distribution together with some
phenotypic differencesfound in specimensfrom
the Yungasof Argentinaand south Boliviacom-
pared to specimens from Paraguay captivein
the Centro Argentino de Primates (CAPRIM);
and suggested that both populations could be
different; unfortunately they did not describe
any of thesedifferences.

Mudry (1990) and Zunino & Mudry (1993)
did not find significant differencesin the study
of thestandard, G-banded and C-banded karyo-
type from specimens collected in Paraguay and
the Yungas of northwestern Argentina. At the
phenotypiclevel, they found that both popul a
tions exhibit the characteristics of coat colour
and distribution described by Cabrera (1939)
and Crespo (1950), for these reasons, they re-
ferred all the specimens collected in Paraguay
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and northwest Argentina as C. a.
paraguayanus.

Groves (2001) had separated the Cebus
apella group complex in four species, turning
Cebusa. paraguayanus and Cebusa. pallidus
as subspecies of Cebus libidinosus.

The aim of this study was to evaluate the
phenotypic and craneometric differences be-
tween three all opatric popul ations assigned to
two different subspecies. onefromthe Yungas
region of northwest Argentina, and other from
eastern Paraguay both referred as C. I.
paraguayanus, and the third one from south
central Boliviareferred as C. |. pallidus.

MATERIALS AND METHODS
Phenotypicanalysis

The phenotypic study was made on the
pelage coloration of skinsfrom specimens of
northwest Argentina, eastern Paraguay and
Buena Vista region of south central Bolivia,
the collections are housed at the Museo
Argentino de Ciencias Naturales* Bernardino
Rivadavia’ (MACN). Only adult specimens
were used.

Morphometricanalysis

The morphometric study was based on 46
preserved skulls from the collections at
MACN, and the Museo Nacional de Historia
Natural del Paraguay (MNHNPy), compris-
ing 9 males and 14 females from northwest
Argentina, 10 males and 7 females from east-
ern Paraguay and 4 males and 2 females from
south central Bolivia.

Only adult specimenswith reasonablewell
preserved skullswere used, considering speci-
mens to be adults if the spheno-occipital su-
ture was closed and the permanent dentition
complete (Zunino & Mudry, 1993). Twenty one
cranial and dental characters were measured
with adigital caliper of 0.01 mm precision,
with bilateral characters always measured on
theright side.

Measurementsareasfollows. 1- skull length
(SL); 2- maximum cranial width at parietal

bones (MCWP); 3- condylobasal length (CL);
4- maximum width between zygomatic arches
(MWZA); 5- orbital width (OW); 6- postor-
bital width (PW); 7- interorbital width (10); 8-
width between postglenoid process (WPP); 9-
maximum width of foramen magnum
(MWFM); 10- mandibular length (ML); 11-
length between C* - M3; 12- coronoidal height
(CH); 13- coronoidal width (CW); 14- width
between C!- C%; 15- length between M1 - M3,
16- width between M* - M*; 17- width between
12- 12, 18- width between |, - 1; 19- M* trans-
versediameter; 20- M2 transversediameter; 21-
width between M - M.

Multivariateanalysis

Two multivariate techniques were per-
formed: Principal Components Analysis
(PCA), to study the inter-relationships of all
specimens, and Discriminant Function Analy-
sis(DFA) to test if the specimens can be clas-
sify within their own population and sex.

For the PCA analysis, both sexes were
separated ‘a priori’ in difference groups fol-
lowing Zunino and Mudry (1993) resultswhich
show significant sexual dimorphism in the
subspecies. NTSY S-pc 1.70 (Rohlf 1992) soft-
ware packages was used to perform all the
analyses.

RESULTS
Phenotypicanalysis

The coat colour phenotype of al the adults
specimens is dark brown to black in the tail,
feet and hands, white cheeks and black cap al-
wayswith tuft. The Paraguayan specimensare
dorsally brown and ventrally reddish light
brown; the Yungas specimens showstwo phe-
notypes, one grayish brown in the dorsal re-
gion and ventrally reddish light brown but
lighter than Paraguayan ones and the other,
dorsally palebrown and ventrally reddish light
brown similar to Paraguayans. The Bolivian
specimens also present two phenotypes, one
pale brown similar to one of the phenotypes
fromthe Yungas and another dorsally reddish
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Males Females
Variables  Factor | Factor |1 Factor | Factor |1
SL -247.465 -138.329 -253.936 -0.11520
MCWP -0.95486 0.59674 -179.928 0.62018
CB -263.151 -0.40496 -244.152 0.21628
MWZA -336.996 148.527 -211.110 0.31684
ow -223.558 -0.25155 -125.631 -113.973
PW -0.11600 0.00111 -0.63376 -0.37043
W -0.31418 0.09159 -0.11967 -0.18625
WPP -162.621 0.90897 -277.957 113.481
MWFM -0.11049 0.30042 -0.43761 0.01585
ML -256.994 -0.20975 -156.724 -0.81263
Ct- M3 -0.66714 -183.601 -0.65987 0.04897
CH -229.285 -0.33686 -109.802 -136.826
CwW -140.590 -0.21948 -0.79674 -0.75092
ct-c -0.59187 -0.28615 -0.70156 0.10741
M- M3 -0.05290 -0.07841 -0.12673 0.31387
M- M? -0.49021 -0.34856 -0.38466 -0.28315
12-1? -0.43453 -0.29659 -0.50507 -0.09755
12-1? -0.29356 0.09117 -0.02933 -0.01351
M? -0.00454 -0.23722 0.06322 -0.04943
M?2 -0.06035 -0.17071 -0.00560 0.03684
M, -M, -0.88432 140.053 -0.45914 -0.24076

Table I. Variable loadings on the first two principal components for the males and females group PCA.

brown and golden brown in the ventral re-
gion.

Morphometricanalysis

The first two factors of the PCA analysis
cumulate 70.2 % of total variancein malesand
73.48%infemales(Tablel). Fromthefemale
dataset analysisneither thefirst or second fac-
tor clearly separate any populations (Fig. 2B);
instead the males data set shows some popu-
lation differences (Fig. 2A): factor | separates
3 of the 4 Bolivian specimens from the rest
and factor Il slightly separates most Para-
guayan and Yungas specimens. To factor | the
characters that contributes most are
condylobasal length, maximum width between

zygomatic arches and mandibular length; and
to factor 11 the length between C1 - M3 (Table
1.

DFA anaysiswashighly significant (Wilks
lambda= 0.00032; p < 0.0000). All specimens
were classified 100 % correct (TableI1). The
first function clearly confirms the sexua di-
morphism and also separates the Yungas fe-
mal esfrom the others (Fig. 3); function 11 dis-
criminates the Paraguayan males and most of
Paraguayan females (Fig. 3). The characters
which contribute most variation to function |
arethewidth between C*- C*, width between
zygomatic archesand coronoidal width and to
function |l isthewidth between C- C(Table

).
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Fig. 2. Results of the PCA anaysis: A from the males data matrix, B from the females data matrix.

DISCUSSION

Phenotypic analysis shows atendency of
colour variability within the populations, with
the exception of Paraguayan specimenswhere
only one phenotype could be described, butin
fact from personal observation of Cebusinthe
wild of eastern Paraguay | could also observe
dlight colour variability. These results are in
agreement with Elliot (1913) and Hill (1960)
who al so denote phenotypic variability within
the subspecies. The phenotypes described by
them areso similar and variablethat thereare

some specimens housed at the British Museum
(Natural Histoty) collected by A. Robert in
Santa Anna de Chapada (15° 00" S; 55° 00’
W) near Cuyaba, Matto Grosso, Brazil (Fig.
1) (Thomas, 1904) witch areidentified by Elliot
(1913) as Cebus azarae azarae
(=paraguayanus) and by Hill (1960) as Cebus
apellapallidus. Itisinteresting to denote that
for Elliot (1913) and Cabrera (1917) the
pallidus forms are darker than paraguayanus
oppositeto Hill (1960) description of the sub-
SpEcies.
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Fig. 3. Results of the DFA analysis. Eastern Paraguay: pm: males, pf: females. Northwestern Argentina: ym:
males, yf: females. South central Bolivia: bm: males, bf: females.

% N
East Paraguay males 100 10
East Paraguay females 100 7
Central Boliviamales 100 4
Central Boliviafemales 100 2
Northwest Argentinamales 100 9
Northwest Argentinafemales 100 14

Table 1. DFA Classification matrix.

Multivariate analysis results were rather
ambiguous and not at all concluding. PCA
anaysisdenoted just adight population group-
ing from the males data set, but in females
analysis the distribution of the specimens in
the multivariate space was quite homogeneous
(Fig. 2); however the DFA anaysis suggested
that all the specimens could be classified into
the own population group and sex (Fig. 3) but
we have to take into account that what DFA
does, isto force the classification through the
optimization of the variablesthat optimizethe
differences between the groups *a priori’ ap-
plied to each specimens.

Itisevident that thereare some craneometric

differences between the three population stud-
ied, but the main problem inthisstudy, to fully
clarify thetaxonomy of thesetwo highly vari-
able subspecies, is the low number of speci-
mens from Bolivia and none from the Matto
Grosso region of Brasil. All the 6 craniaand 3
of the 6 skin from Bolivia became from only
one site, Buena Vista (17° 27’ S; 63° 40° W)
and other 3 skins from Cerro Amboro (17°
44’ S; 63°39' W) about 40 km south of Buena
Vigta(Fig. 1); thislocation, according to Ander-
son (1997), are one of the most southern dis-
tribution of the pallidus form in Bolivia. For
al of thesereasons mentioned, further studies
may resolvethetaxonomic problem more con-
clusively.

Duetothefact that some of the northwest-
ern Argentinean Cebus specimens studied share
identical phenotypes with the Cebus from
Buena Vista, Bolivia, and the northwestern
Argentinean and south of BoliviaYungasre-
gion arearound 800 km away from the eastern
Paraguayan region, which is the closer C. I.
paraguayanus habitat, it is propose to name
al the northwest Argentina and south of Bo-
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Variables Functionl  Functionll Functionlll
SL 0.2794204 0.1887423 -0.1380727
MCWP 0.1413328 -0.1932888 -0.1275229
CB 0.2838164 0.1338168 -0.1193164
MWZA 0.3907948 0.0135012 -0.0879781
ow 0.2424619 0.1906357 -0.2679709
PW 0.1353156 0.0726099 0.0616362

Iw 0.1535273 0.0990584 0.0059112

WPP 0.3409705 -0.1628599 -0.0740753
MWFM 0.1147453 -0.1716935 -0.0246978
ML 0.3684347 0.2486358  -0.0985552
Ct-m3 0.1258427 0.1820421 -0.1536101
CH 0.2932611 0.3536642 -0.0645914
Ccw 0.3811379 0.3032593 -0.1349273
c-c 0.5015099 0.4297594  0.2840820

M- M3 0.0405863 -0.0411409 -0.0009310
M- M? 0.1191773 0.2629687 -0.0256084
[2—12 0.1748673 0.1008605 -0.2198531
[2—12 0.0577625 0.0324714  -0.0488629
M? 0.0315219 0.2998144  0.0426290

M?2 0.0593411 0.2416680 0.1072016

M, -M, 0.0371276 -0.0077748 0.2145652

Table I11. Canonical loadings for the first three discriminant functions.

livia Yungas forest Cebus monkies as C.
lividinosus pallidus.
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