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lands, and gallery forests (Crockett, 1998; Zunino et al., 
2001). Traditionally, there have been six well recognized 
species:  A. palliata, A. seniculus, A. belzebul, A. guariba 
 (formerly  fusca ),  A. caraya  (Cabrera, 1957; Hill, 1962), and 
 A. pigra  (Smith, 1970). However, in the last ten years mor-
phological and genetic data have provided evidence of a 
much more diverse genus (de Oliveira et al., 2002; Cortés-
Ortiz et al., 2003; Gregorin, 2006). Two recent systematic 
revisions present differences in the number of recognized 
taxa: Ryland et al. (2000) accepted 21 taxa, with 9 species 
and 16 subspecies, and Groves (2001) distinguished 14 taxa, 
with 10 species and 7 subspecies. 

  Genetic studies have become an important and valuable 
tool to complement the traditional morphological and eco-
logical analyses to delineate the taxonomy of primates. 

  The species of  Alouatta  have different diploid numbers 
(2n), ranging from 44 to 53 (e.g., Yunis et al., 1976 for  A.  
 seniculus ; Armada et al., 1987 for  A. belzebul ; de Oliveira, 

  Abstract.  We describe for the first time the karyotype of 
the black howler monkey,  Alouatta pigra . Conventional 
staining, G- and C-banding, and fluorescence in situ hy-
bridization (FISH) with a peptide nucleic acid (PNA) pan-
telomeric probe were performed. Eight free ranging adult 
individuals, four males and four females, within the natural 
distribution of the species presented a diploid karyotype 
with 2n = 58. Mitotic analyses showed an autosomal com-
plement composed of 6 submetacentric, 3 metacentric, and 
19 acrocentric chromosome pairs for females, and 6 sub-
metacentric, 3 metacentric, and 18 acrocentric pairs for 
males. Meiotic analyses in males revealed 27 autosomal bi-
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valents and a quadrivalent composed of a submetacentric X 1  
and acrocentric X 2 , Y 1 , and Y 2 . The G-banded karyotype al-
lowed us to identify pair #17 as the autosomal pair involved 
in the rearrangement and the morphology of the quadriva-
lent components. C-banding technique in metaphase I cor-
roborated the structure of the quadrivalent showing four 
C+ centromeres. FISH analysis showed telomeric signals at 
the terminal regions of all chromosomes. No interstitial sig-
nals were detected. DNA sequence data were in accordance 
with those previously published for this species. 

 Copyright © 2008 S. Karger AG, Basel 

 Howler monkeys, genus  Alouatta,  present the broadest 
geographic distribution among New World Primates reach-
ing from northern Argentina to southern Mexico. They in-
habit a wide variety of environments, from closed-canopy 
wet evergreen forests, including flooded swamp forests, to 
open, highly seasonal deciduous and semi-deciduous wood-
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1995; de Oliveira et al., 1998, 2002 for  A. guariba   (= fusca) ; 
Mudry et al., 1998, 2001 for  A. caraya ; Ma et al., 1975 for  A. 
palliata ). An interesting feature in this genus is the presence 
of several sex chromosome systems among the recognized 
species. Mitotic studies have suggested the presence of tri-
valents and pentavalents in  A. guariba  (de Oliveira et al., 
1998, 2002, respectively) and a quadrivalent in  A. sara  (Mi-
nezawa et al., 1985; Consigliere et al., 1996), while other 
studies suggest the presence of XY sex chromosome sys-
tems ( A. seniculus : Yunis et al., 1976;  A. guariba : de Olivei-
ra, 1995;  A. palliata : Torres and Ramírez, 2003). Multiple 
sex determination systems have only been confirmed 
through meiotic analysis for a small number of howler 
monkey species: trivalents X 1 X 2 Y/X 1 X 1 X 2 X 2  for  A. belzebul  
(Armada et al., 1987)   and  A. palliata  (Solari and Rahn, 
2005), and quadrivalents X 1 X 2 Y 1 Y 2 /X 1 X 1 X 2 X 2  for  A. senicu-
lus  (Lima and Seuánez, 1991) and  A. caraya  (Rahn et al., 
1996; Mudry et al., 1998, 2001). Fluorescent in situ hybrid-
ization (FISH) analyses using human chromosome probes 
have revealed that the chromosomes involved in the sex 
chromosome systems hybridize with segments of human 
chromosomes #3 and #15 (Consigliere et al., 1996, 1998; 
Mudry et al., 2001; de Oliveira et al., 2002). Based on this 
finding de Oliveira et al. (2002) suggested that, in  Alouatta , 
the diverse sex chromosome systems originated from the 
same autosomal pair and that this rearrangement may have 
occurred only once. To our knowledge, no cytogenetic 
analyses have been performed for  A. pigra . In the present 
contribution we provide for the first time a cytogenetic 
characterization of this species using mitotic, meiotic, and 
FISH analyses.

  Materials and methods 

 Sampled specimens 
 Four male and four female adult specimens of  A. pigra  showing the 

uniform black pelage coloration characteristic of the species were ran-
domly collected in two localities of Campeche, Mexico (18°51�46.7��N, 
90°46�08.6��W and 18°34�13.4��N, 90°26�18.0��W), within the natural 
distribution range of the species ( Fig. 1 ). Weights and body measure-
ments of individuals (not shown) fall within those reported for indi-
viduals of this species from different localities (Murie, 1935; Jungers, 
1985; Reid, 1997; Cortés-Ortiz et al., unpublished data). In the field, 
animal immobilization was performed using Ketamine (7–10 mg/kg) 
with a Telinject (remote injection) system. Once the animals were cap-
tured, they were immediately transferred to the staging area where bi-
ological samples (see below) were taken. All the individuals were tat-
tooed in the flanking abdominal area for identification purposes, as 
part of ongoing projects on population genetics for this species (Cor-
tés-Ortiz, unpublished). After individuals were recovered from the an-
esthesia, they were released in the same capture location.

  Mitotic studies 
 Peripheral blood samples were collected from all animals with dis-

posable heparinized syringes. Lymphocyte cultures were performed 
for 72 h at 37   °   C following a modification of Buckton and Evans (1973). 
Metaphase spreads were treated by G-Wright banding (Seabright, 1971, 
modified as in Steinberg et al., 2007) and C-banding techniques (Sum-
ner, 1972). At least 50 metaphases per animal were analyzed at 1000 !  
to determine the diploid number (2n). Metaphases found among 1000 
nuclei were used to determine the mitotic index (MI, %). At least 10 G-
and C-banded metaphases were photographed. Photomicrographs 
were taken using a Leica DMLB microscope equipped with a photo-
graphic MPS 30 camera using an Ilforpan F 50 ASA black and white 
slide film.

  Considering that telomeric sequences are frequently involved in 
chromosomal rearrangements, the analysis of their distribution among 
karyotypes is valuable for the study of chromosome evolution (Meyne 
et al., 1990; Slijepcevic, 1998; Bolzán and Bianchi, 2006; Mudry et al., 
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 Fig. 1. Geographic distribution of  Alou-
atta pigra  and  A. palliata  and approximate 
 location of collecting sites. Localities:
A: 18°51�46.7��N, 90°46�08.6��W and B: 
18°34�13.4��N, 90°26�18.0��W according to 
Global Positioning System (GPS) informa-
tion. The dark shaded circle shows the loca-
tion of the individuals that have been geneti-
cally characterized by Cortes-Ortiz et al. 
(2007) as hybrids/backcrosses  A .  palliata / A . 
  pigra . 
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2007). The distribution of the telomeric sequence (TTAGGG) n  was an-
alyzed on metaphase spreads by FISH using a Cy3-conjugated peptide 
nucleic acid (PNA) pantelomeric probe (DAKO Cytomation, Glostrup, 
Denmark). FISH was performed according to the instructions provid-
ed by the supplier. Signals were observed at 1000 !  using a Carl Zeiss 
(Germany) epifluorescence microscope equipped with an HBO 100 
mercury lamp and filters for DAPI and Cy3 (Chroma Technology, 
USA). A Nikon DN100 digital camera was used for photography. Im-
ages were processed using the Adobe Photoshop CS �  program.

  Meiotic studies 
 Testicular biopsies were taken from the four males using Ketamine 

anesthesia. The cytogenetic protocol was performed following Evans 
et al. (1964) with modifications to maximize the performance of the 
meiotic analysis considering previous experiences in other Ceboidea 
species (Steinberg et al., 2007).

  Molecular studies 
 With the aim of comparing the DNA sequence identity of the sam-

pled individuals with previously published sequences for this species, 
1 ml of blood was collected from each individual and stored in Lysis 
buffer (100 mM Tris/HCl pH 8, 100 mM EDTA pH 8, 10 mM NaCl, 0.5% 
SDS) (Seutin et al., 1991; Frantzen et al., 1998) at a ratio of 1:   5. Genom-
ic DNA was extracted from blood samples using the DNeasy Tissue kit 
(Qiagen, Valencia, CA) and primers CB1-5 �  and CB2-3 �  (Palumbi, 
1996) were used to amplify and sequence a region of the mitochon-
drial cytochrome  b   (cytb)  gene, under the conditions described in Cor-
tés-Ortiz et al. (2003).

  Results 

 Molecular analysis 
 Sequences of a 307-bp region of the mitochondrial  cytb  

gene were obtained from each individual. All individuals 
presented identical mitochondrial sequences, which have 
been observed in other individuals from different geo-
graphic locations within the distribution range of  A. pigra  
in Mexico (see GenBank accession number DQ875696).

  Mitotic studies 
 All peripheral blood samples showed good in vitro pro-

liferation allowing us to determine a modal number. The 
mitotic index ranged from 1.39 to 5.3% with a medium of 
3.51  8  1.62%. The diploid number for all specimens was
2n = 58, observed in 68.8  8  7.07% of the analyzed meta-
phases. The fundamental number (NF) was 78 for females 
and 77 for males due to the presence of a multiple sex deter-
mination system in males (see below). 

  The female autosomal complement was composed of 6 
submetacentric, 3 metacentric and 19 acrocentric pairs. In 
males the autosomal complement was composed of 6 sub-
metacentric, 3 metacentric and 18 acrocentric pairs. The G-
banding pattern obtained for  A. pigra  ( Fig. 2 )   showed the 
presence of an XX sex determination system in females and 
suggested a multiple sex determination system X 1 X 2 Y 1 Y 2  in 
males, which could have been produced by the translocation 
between the Y chromosome and chromosome pair #17. This 
multiple sex determination system seems to be composed of 
a submetacentric X 1  and acrocentric X 2 , Y 1 , and Y 2  chromo-
somes. In the C-banded metaphases ( Fig. 3 ), centromeric 
heterochromatin was detected in all chromosome pairs. 
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17 18 19 20 21 22 23

24 25 26 27 28

X X

X1 X2 Y1 Y2

 Fig. 2. G-banded karyotype of a female  Alouatta pigra  (bar = 10 
 � m). Inset: sex chromosomes from a male  A. pigra . 

 Fig. 3. C-banded metaphase of a male  Alouatta pigra  showing cen-
tromeric C+ heterochromatin bands in all chromosome pairs. The ar-
rows indicate the telomeric heterochromatic C+ bands only detected 
in pair #2 (bar = 10  � m). 
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Telomeric heterochromatic bands were observed in one 
chromosome pair (#2). No interstitial bands were detected.

  To determine if the rearranged regions involved in the 
multiple sex chromosome system have conserved intersti-
tial telomeric repeat sequences, and to characterize the 
chromosomal distribution of the telomeric sequence 
(TTAGGG) n  in this species, FISH with a PNA telomeric 
probe was performed. Male and female metaphases of  A. 
pigra  showed telomeric signals only at the terminal regions 
of all chromosomes ( Fig. 4 ). A total of 116 signals were ob-
served in both males and females confirming that all chro-
mosomes of the complement are biarmed. No interstitial 
signals were detected. A more intense hybridization signal 
was observed in the telomeres of the short arms of ten chro-
mosome pairs (data not shown). 

  Meiotic studies 
 The analysis of spermatocytes in different stages of mei-

osis was used to evaluate the behavior of the male sex chro-
mosomes and to corroborate the presence of a multiple sex 
chromosome system detected in the mitotic analyses. The 
observation of cells at early prophase I showed that the sex 
body is undistinguishable from the autosomes during lep-
totene ( Fig. 5 a). By the onset of zygotene and pachytene 
( Fig. 5 b) the sex body is observed as a heteropycnotic bulk 
in the periphery of the nucleus. The 27 autosomal biva-
lents and the quadrivalent observed in at least ten dia-
kinesis/metaphase I per individual corresponded to 2n = 
58,X 1 X 1 X 2 X 2 /X 1 X 2 Y 1 Y 2 . When the C-banding technique 
was applied in metaphase I from meiotic cells, the location 
of the C+ heterochromatic regions evidenced the presence 
of four centromeres, thus confirming the proposed struc-
ture of a quadrivalent ( Fig. 5 c, d).

  Discussion  

 Taxonomic implications 
 In a revision of the Mesoamerican howler monkeys, 

Lawrence (1933) considered  A. pigra  a subspecies of  A. pal-
liata , highlighting the ‘definitive’ differences between  A. p. 
pigra  and the rest of the  A. palliata  subspecies. Smith (1970), 
analyzing a larger number of specimens from different lo-
calities, also found remarkable morphological differences 
between  A. p. pigra  and the rest of the  A.   palliata  subspecies. 
This and the presence of a sympatric area between  A. pal-
liata mexicana  and  A. pigra  in Mexico made Smith recom-
mend that  A.   pigra  should be considered a species distinct 
from  A.   palliata  (Smith, 1970; Wolfheim, 1983). Molecular 
genetic data presented by Cortés-Ortiz et al. (2003) also of-
fered evidence that  A. pigra  is a distinct species. The present 
study offers new supporting evidence of the taxonomic dis-
tinction between  A. pigra  (API) and  A. palliata  (APA). 
Whereas  A. palliata  has 2n = 53 with an X 1 X 2 Y trivalent in 
males (Ma et al., 1975; Solari and Rahn, 2005),  A. pigra  has 
2n = 58 and an X 1 X 2 Y 1 Y 2  quadrivalent in males,  A. pigra ’s  
 modal number being the largest one described so far for the 
genus (see introduction). Differences in the chromosome 
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  Fig. 4. Location of the telomeric sequence (TTAGGG) n  after hy-
bridization with a Cy3-labeled PNA telomeric probe. The chromo-
somes were counterstained with DAPI.  

Fig. 5. Spermatocytes of  Alouatta pigra  at different stages of the 
meiotic cycle (bars = 5  � m). ( a ) Leptotene showing the chromatin 
masses formed by the autosomes and gonosomes, indistinguishable 
from each other. The asterisk indicates the presence of a sperm cell in 
the spread of the biopsy material. ( b ) Late zygotene showing the biva-
lents with nearly complete synapsis. The arrow shows the sex body (SB) 
as a heteropycnotic bulk. ( c ) C-banded spermatocyte of  A. pigra  at 
metaphase I showing the location of the heterochromatic regions (C+). 
The arrows indicate the quadrivalent X 1 X 2 Y 1 Y 2  and an autosomal bi-
valent located under the quadrivalent. The asterisks indicate the pres-
ence of spermatozoa in the testicular material. ( d ) Close-up of the 
quadrivalent. The centromeres of the four components of the quadri-
valent are indicated with arrows. 

  4  

  5  
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formulae were also found between these two species ( Ta-
ble 1 ):  A. pigra  possesses two pairs of submetacentric chro-
mosomes less and four pairs of acrocentric chromosomes 
more than  A. palliata  (Ma et al., 1975; Solari and Rahn, 
2005) . 

  Comparing the proposed karyotype of  A. pigra  with the 
one previously described for  A. caraya  (ACA) (Rahn et al., 
1996; Mudry et al., 1998, 2001) several differences also ap-
pear ( Table 1 ).  A. caraya  possesses one pair of submetacen-
tric chromosomes more, one pair of metacentrics less and 
three pairs of acrocentric chromosomes less than  A. pigra . 
Comparative G- and C-banding studies and FISH studies 
with human probes for characterization of the chromo-
somes involved in these rearrangements are ongoing proj-
ects in our research group.

  The application of G-banding allowed us to identify the 
acrocentric pair #17 as the putative autosomal pair involved 
in the formation of the quadrivalent in  A. pigra  ( Fig. 6 ). In 
 A. caraya  the pair involved in its sex chromosome system 
(ACA7) has submetacentric morphology.   These two chro-

mosome pairs, ACA7 and API17 have different size, centro-
meric index, %RLC and G-banding pattern, as can be ob-
served in  Fig. 6 , suggesting a different origin for these two 
multivalents.

  Sex chromosome systems in Alouatta 
 A comparison of the structure of the three different mul-

tivalents observed by meiotic studies in the genus showed 
some marked differences among them.  A. pigra  exhibits one 
interstitial chiasma formed between Y 2  and X 2  ( Fig. 7 a), 
while in  A. caraya  the interstitial chiasma is formed be-
tween Y 1  and X 2  ( Fig. 7 b). Moreover, in  A. pigra  a terminal 
chiasma is formed between Y 1  and X 2 , with the characteris-
tic end-to-end joining between Y 1  and X 1  following. This 
end-to-end joining is similar in  A. pigra  and  A. caraya  quad-
rivalents. In the trivalent of  A. palliata  ( Fig. 7 c) the intersti-
tial chiasma occurs between Y 1  and X 2  with the end-to-end 
joining also similar to the distribution detected for  A. pigra 
 sex chromosome structure.

Table 1. Karyotype comparison between Alouatta pigra, A. palliata and A. caraya

A. pigra (API) A. palliata (APA) A. caraya (ACA)

Modal number ♀: 2n = 58; ♂: 2n = 58 ♀: 2n = 54; ♂: 2n = 53 ♀: 2n = 52; ♂: 2n = 52
Fundamental number (FN) ♀: FN = 78; ♂: FN = 77 ♀: FN = 78; ♂: FN = 76 ♀: FN = 74; ♂: FN = 72
Chromosome formulae for malesa 12 SM + 6 M + 36 A + 

X1 SM + X2 A + Y1 A + Y2 A
16 SM + 6 M + 28 A + 
X1 SM + X2 A + Y A

14 SM + 4 M + 30 A + 
X1 SM + X2 SM + Y1 A + Y2 A

Sex determination system X1X1X2X2/X1X2Y1Y2 X1X1X2X2/X1X2Y X1X1X2X2/X1X2Y1Y2

a Chromosome morphology: SM = submetacentric, M = metacentric, A = acrocentric (see text for details).

X1 X2 Y1 Y2

X1 X2 Y1

X1 X2 Y

Y2

a

b

c

 Fig. 6. Comparison of the sex chromosomes from mitotic metaphases of three  Alouatta  
 species. ( a )  A. pigra , ( b )  A. caraya , ( c )  A. palliata.  

 Fig. 7. Comparison of the sex chromosomes in metaphase I of three  Alouatta  species.
The arrows indicate interstitial chiasmata while the arrowheads indicate end-to-end joining. 
( a )  A. pigra,  ( b )  A. caraya , ( c )  A. palliata . 
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  Future directions 
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means of molecular data.
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homologs of the autosomal pair 17 breaks in the distal region of the 
long arm whereas the original small Y breaks in its terminal region. 
17qter becomes Y 1 qter while the unprotected ends of API17q develop 
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of the quadrivalent at metaphase I. The longest element (X 1 ) is located 
at one end, with Y 2  at the other end. Y 1  and X 2  are located intersti-
tially. 
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