Chapter 3

The Taxonomy of Howler Monkeys:
Integrating Old and New Knowledge
from Morphological and Genetic Studies

Liliana Cortés-Ortiz, Anthony B. Rylands, and Russell A. Mittermeier

Abstract The taxonomic history of the howler monkeys, genus Alouatta, has been
long, complex, and filled with omissions and mistakes. This has created confusion
over the validity of different taxa. Here we review the taxonomic history of the
genus and evaluate the validity of the different taxa based on current knowledge
generated through morphological and genetic studies. We recognize nine species
of howlers (A. palliata, A. pigra, A. seniculus, A. arctoidea, A. sara, A. macconnelli,
A. guariba, A. belzebul, A. caraya) and three more taxa that we tentatively consider
full species (A. nigerrima, A. ululata, A. discolor), but for which genetic and/or
morphological studies are required to confirm this status. We recognize five subspe-
cies in A. palliata (A. p. mexicana, A. p. palliata, A. p. coibensis, A. p. trabeata, and
A. p. aequatorialis), three in A. seniculus, (A. s. seniculus, A. s. juara, and A. s.
puruensis), two in A. guariba (A. g. guariba and A. g. clamitans), and acknowledge
the possibility that A. pigra may have two subspecies (A. p. pigra and A. p. luctuosa).
Most species and subspecies require field studies to determine their actual distribution
ranges. Furthermore, a combination of morphological and genetic analyses is needed
to confirm the validity of several taxa. Given the broad presence of howler monkeys in
the Neotropics, these studies would require the collaboration of a multidisciplinary
network of researchers across the range of distribution of the genus.

Resumen La historia taxonémica de los monos aulladores, género Alouatta, ha
sido larga, compleja y llena de omisiones y errores. Esto ha creado confusion
respecto la validez de los distintos taxa. En este capitulo revisamos la historia
taxondémica del género y evaluamos la validez de los distintos taxa con base en el
conocimiento actual generado a través de estudios morfolégicos y genéticos.
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Reconocemos nueve especies de monos aulladores (A. palliata, A. pigra, A. seniculus,
A. arctoidea, A. sara, A. macconnelli, A. guariba, A. belzebul, A. caraya) y tres taxa
que tentativamente consideramos como especies verdaderas (A. nigerrima, A. ulu-
lata, A. discolor), pero que requieren de estudios morfolégicos y/o genéticos para
confirmar su estatus especifico. Reconocemos cinco subespecies en A. palliata
(A. p. mexicana, A. p. palliata, A. p. coibensis, A. p. trabeata y A. p. aequatorialis),
tres en A. seniculus, (A. s. seniculus, A. s. juara 'y A. s. puruensis), dos en A. guariba
(A. g. guariba y A. g. clamitans) y consideramos la posibilidad de que A. pigra
pueda tener dos subspecies (A. p. pigra 'y A. p. luctuosa). La mayoria de las especies
y subespecies requieren de trabajos de campo que permitan delimitar sus rangos de
distribucién. Ademds, se precisa de andlisis de datos genéticos y morfolégicos para
confirmar la validez de varios de estos taxa. Dada la amplia presencia de los monos
aulladores en el Neotrépico, estos estudios requerirdn de la colaboracién de una red
multidisciplinaria de cientificos a través del rango de distribucién del género.

Keywords Alouatta » Morphology ¢ Genetics * Systematics

3.1 Introduction

Howler monkeys (Alouatta Lacépede, 1799) are the most widespread primate genus
in the Neotropics. They range from southern Veracruz State in Mexico to northern
Argentina (Fig. 3.1), and can be found in numerous forest types across the region
(Neville et al. 1988; Glander and Pinto 2013). They are among the largest of
the platyrrhines (Hill 1962; Peres 1994) along with the muriquis (Brachyteles), the
spider monkeys (Afeles), and woolly monkeys (Lagothrix).

Until the 1980s, Alouatta was classified in the Cebidae (with all of the non-clawed
platyrrhines) in the subfamily Alouattinae Elliot, 1904 (Hill 1962; Napier and Napier
1967; Napier 1976; Hershkovitz 1977). The revision of Rosenberger (1980, 1981,
2011; see also Schneider and Rosenberger 1996) placed Alouatta in the family
Atelidae—the large, prehensile-tailed platyrrhines that also include Ateles, Lagothrix,
and Brachyteles. Initially (1981), Rosenberger’s revolutionary rearrangement had
what he termed the “large suspensory frugivore-folivores™ in a subfamily, Atelinae,
as part of the family Pitheciidae, and, as a consequence, moved the howlers one step
down to a tribe, Alouattini in the Atelinae; the spider monkeys, woolly monkeys, and
muriquis being placed in the tribe Atelini. Subsequent compelling molecular phylo-
genetic evidence has placed the large prehensile-tailed frugivore-folivores as a dis-
tinct family, the Atelidae, with two subfamilies Alouattinae and Atelinae (for a
review, see Schneider and Sampaio 2013), an arrangement accepted by Rosenberger
(2011; see also Perelman et al. 2011; Halenar and Rosenberger 2013). The tribe
Alouattini is composed of Alouatta and four extinct fossil genera Stirtonia,
Paralouatta, Solimoea, and Cartelles Halenar and Rosenberger, 2013 (Rosenberger
et al. 2015). The Atelini contains Ateles, Brachyteles, and Lagothrix, and two extinct
forms, Caipora and Protopithecus.
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Fig. 3.1 Geographic distribution of currently recognized species of howler monkeys, genus
Alouatta (distributions modified from IUCN 2013. IUCN Red List of Threatened Species. Version
2013.1. http://www.iucnredlist.org. Downloaded on September 24th, 2013)

Elliot (1913) provided the first comprehensive twentieth-century review of the
howler monkey species. He listed twelve, A. beelzebul [sic] (Linnaeus, 1766),
A. seniculus (Linnaeus, 1766), A. caraya (Humboldt, 1812), A. ursina (Humboldt,
1805), A. villosus (Gray, 1845), A. palliata (Gray, 1849) (with subspecies mexicana
Merriam 1902, and coibensis Thomas 1902), and A. aequatorialis Festa, 1903, and
five that he himself had described and named, A. macconnelli Elliot, 1910, A. insu-
lanus Elliot, 1910, A. juara Elliot, 1910, A. sara Elliot, 1910, and A. ululata Elliot,
1912 (see Tables 3.1 and 3.2).

Thering (1914) reviewed the Brazilian species of howlers and clarified the con-
fusion created by Humboldt (1805) when he described the Venezuelan howler
(A. ursina) but provided an illustration of the brown howler of the Brazilian Atlantic
forest. Elliot (1913) did not catch this mistake, and Ihering (1914) named the brown
howler A. fusca (Geoffroy Saint-Hilaire, 1812). Despite Humboldt’s confusion,
Cabrera (1957), Hill (1962), and Groves (2001, 2005) attributed the name guariba
Humboldt, 1812 to the brown howler (see Rylands and Brandon-Jones 1998),
although Gregorin (2006) affirmed that A. fusca is the correct name, as was also
argued by Hershkovitz (1963).


http://www.iucnredlist.org/
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A number of reviews of the howler monkey taxa from particular geographic
regions (e.g., Lawrence 1933; Tate 1939; da Cruz Lima 1945; Hershkovitz 1949;
Cabrera 1957) continued to modify the taxonomy of the genus for the next 30 years
(Table 3.2). Osman Hill published another complete review of the genus in 1962.
The taxonomic arrangement that he proposed was accepted with minor modifica-
tions (e.g., Smith 1970) until the late 1980s, when cytogenetic and molecular genetic
analyses began to contribute new evidence that challenged the taxonomy based
primarily on morphological characters.

In this chapter, we integrate the knowledge provided by studies on morphological
and genetic characters and propose a taxonomic arrangement for the genus that is
congruent with both. We briefly summarize the main issues regarding the taxonomy
of each recognized taxa and provide our reasoning on why they are considered in
their respective taxonomic levels. We also attempt to guide the reader on the impor-
tant gaps of information that permeate the taxonomy of the genus in an attempt to
stimulate new integrated genetic and morphological studies, based on individuals of
known geographic origin.

3.2 Mesoamerican Howler Monkeys

The current taxonomy of Mesoamerican howler monkeys is based on morpho-
logical and genetic studies (Lawrence 1933; Smith 1970; Horwich 1983; Cortés-
Ortiz et al. 2003; Steinberg et al. 2008). Lawrence (1933) conducted a
comprehensive study of Mesoamerican howlers, reviewing the taxonomy of all
taxa described for the region through an analysis of both cranial features and pel-
age coloration of a large number of specimens, including type specimens. She
considered all Mesoamerican howlers to be subspecies of A. palliata, seven in all:
A. p. mexicana, A. p. palliata, A. p. aequatorialis, A. p. pigra, A. p. luctuosa, A.
p. coibensis, and A. p. trabeata. Alouatta villosa (Gray, 1845) she argued was
indeterminable given the lack of a skin of the holotype (only a damaged skull
remained) and confusion regarding the actual locality of the type. She thus
assigned the name A. palliata pigra for the Guatemalan howler and A. p. luctuosa
(Lawrence 1933) as the form in Belize. Hall and Kelson (1959), Hill (1962) and
Napier (1976) continued to use the name A. villosa. Brandon-Jones (2006) pro-
vided a detailed analysis of the evidence that the A. villosa-type specimen is
recognizably distinct from A. palliata (and other black howlers such as A. niger-
rima and A. caraya) and that the type locality was recorded as Mexico. He argued,
as such, that A. villosa is correctly a senior synonym of A. pigra. However, as the
type specimen is reduced to a cranium (the skin was lost, Napier 1976) and with-
out a proper study of this specimen, we conservatively continue listing this species
using the name A. pigra, as did Smith (1970), Hall (1981), Groves (2001), and
Rylands et al. (2006).
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3.2.1 Alouatta palliata (Gray, 1849)

Type: Syntypes, adult female, skin and skull, No. 1848.10.26.1, and adult male,
skin, 1848,10.26.2, British Museum (Natural History) (Napier 1976).

Type locality: Nicaragua (shores of Lake Nicaragua).

Common name: Mantled howler.

This species ranges from southern Veracruz State in Mexico, south through
Central America and the Pacific slopes of the Andes in Colombia and Ecuador
reaching the Tumbes region in northern Peru (Fig. 3.1).

Only five of the seven subspecies recognized by Lawrence (1933) for A. palliata
are currently accepted: A. p. mexicana, A. p. palliata, A. p. aequatorialis, A. p. coi-
bensis, and A. p. trabeata. Lawrence (1933) commented on the difficulty in distin-
guishing the subspecies of A. palliata, with the exception of the Guatemalan
(A. p. pigra) and the Coiba Island (A. p. coibensis) forms. Smith (1970), likewise,
analyzed cranial and dental patterns, and pelage coloration of A. palliata, and con-
cluded that the forms palliata, mexicana, coibensis, and trabeata were only weakly
definable as subspecies. Froehlich and Froehlich (1986, 1987), however, analyzed
patterns of dermal ridges of howler monkeys from Nicaragua, Costa Rica, and
Panama, and found that individuals from Coiba Island and the Azuero Peninsula
were distinct from those of Nicaragua, Costa Rica, and the rest of Panama. They
considered that differences in the dermal ridge patterns of the hands and feet
were congruent with genetic distances, and that the difference found between
coibensis/trabeata and palliatalaequatorialis groups was comparable to that of
either of them and the South American howler monkey species. They, therefore, sug-
gested that the forms coibensis and trabeata be treated as subspecies of a distinct
species, A. coibensis. Glander and Pinto (2013) adhered to this view, Groves (2001,
2005) considered trabeata to be junior synonym of A. coibensis, and Rylands et al.
(1995, 2000) maintained them as subspecies of A. palliata (as per Lawrence 1933).
The molecular genetic studies (mtDNA) of Cortés-Ortiz et al. (2003) produced no
evidence to back this distinction. Alouatta palliata coibensis individuals were found
to share mitochondrial haplotypes with A. palliata from Costa Rica and Mexico, and
A. p. trabeata individuals shared haplotypes with A. p. aequatorialis from central
Panama. These two clades represented northern and southern mitochondrial lineages
separated around the Sona Peninsula in western Panama (Cortés-Ortiz et al. 2003).
Interestingly, recent phylogeographic analyses based on nuclear markers (microsatel-
lites) support the phylogeographic brake between A. p. palliata and A. p. aequatorialis,
but show closer proximity of A. p. coibensis and A. p. trabeata to A. p. aequatorialis
(Cortés-Ortiz et al. unpublished). This discrepancy between mitochondrial and nuclear
markers in the Coiba population may be the result of a secondary intergradation between
formerly distinct lineages when Coiba Island was connected to the mainland (see Ford
2006). Studies including a larger number of individuals from Coiba Island, the Azuero
Peninsula, and other regions in western and central Panama are necessary to corroborate
the subspecific status of A. p. coibensis and A. p. trabeata, as well as to identify the
limits of the ranges of A. p. palliata and A. p. aequatorialis.
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3.2.2 Alouatta pigra Lawrence, 1933

Type: Adult male, collected by A. Murie, 4 May 1931, Museum of Zoology,
University of Michigan.

Type locality: Uaxactun, Petén, Guatemala.

Common name: Central American black howler.

Alouatta pigra is distributed across the Peninsula of Yucatan in Mexico, Belize,
and north and eastern Guatemala (Fig. 3.1). Most authors followed Lawrence’s
taxonomic arrangement of the Mesoamerican howlers, until 1970, when James
D. Smith analyzed two sympatric populations of howler monkeys from the state of
Tabasco, Mexico. He examined the skulls, teeth, and/or pelage of 238 specimens
from across the range of A. palliata (sensu Lawrence 1933) and maintained that the
two (partially sympatric) forms from his sample constituted two well-differenti-
ated species, A. palliata and A. pigra. Alouatta palliata luctuosa Lawrence, 1933,
he considered a junior synonym of A. pigra, given that the only extant specimen
(from Mountain Cow, Cayo District, Belize) fell within the range of variation of
A. pigra. Horwich (1983) supported Smith’s recognition of two distinct species
and commented on differences in group size between A. palliata and A. pigra (the
latter having consistently smaller group sizes than the former), as well as differ-
ences in male genitalia; A. pigra males have fully descended testes from infancy,
the testes of A. palliata males do not descend until they are subadults. Cortés-Ortiz
et al. (2003) using mitochondrial DNA sequence data corroborated that A. palliata
and A. pigra fall into two reciprocally monophyletic groups that separated approxi-
mately 3 MA, supporting their status as distinct species. Steinberg et al. (2008)
also supported this distinction based on chromosome number (A. palliata 2n=54
and A. pigra 2n=58) and on the male sex determination system (X;X,Y in A.
palliata and X, X,Y,Y, in A. pigra). All samples of A. pigra analyzed by Cortés-
Ortiz et al. (2003) and Steinberg et al. (2008) came from Mexico, and the validity
of A. pigra luctuosa from the Cayo District in Belize has yet to be evaluated with
genetic data.

Regarding the proper name for the Central American black howler monkey, as
already mentioned, Brandon-Jones (2006) provided evidence that the A. villosa type
(skull of a young adult female in the British Museum [Natural History]) is recogniz-
ably distinct from A. palliata and that the type locality can be identified as “Mexico.”
However, further studies exploring the similarities of the A. villosa-type specimen
to a large sample of crania from A. pigra from Mexico, Guatemala, and Belize, as
well as the differences with other black howlers (i.e., A. nigerrima and A. caraya)
of known geographical provenance would provide compelling evidence for the sug-
gested status of A. villosa as senior synonym of A. pigra. Given the widespread
use of A. pigra and the benefits of taxonomic stability, we continue to call this taxon
A. pigra until further studies are completed.
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3.3 South American Howler Monkeys

The taxonomy of South American howler monkeys has been subject to multiple
revisions. Linnaeus (1766) was the first to describe species of South American
howler monkeys under his genus Simia. He recognized two: S. belzebul and
S. seniculus. To date there have been over 48 names used to refer to the different
forms of South American howlers (Table 3.1), which has caused considerable con-
fusion in the taxonomy of the genus. Many of these names have become synonymes,
and some forms are still recognized as distinct despite the need for taxonomic
revision. Below we summarize the currently recognized species and subspecies
following Groves (2001), Gregorin (2006), Rylands et al. (2000, 2012), Rylands
and Mittermeier (2009), and Glander and Pinto (2013). It is reasonable to assume,
however, that some of these species still require specific studies to determine
their validity, and so this taxonomic arrangement should be considered a working
hypothesis.

3.3.1 Alouatta caraya (Humboldt, 1812)

Type: No type preserved.
Type locality: Paraguay.
Common name: Black and gold howler, Paraguayan howler.

This species has a broad distribution including Brazil (Pantanal, and parts of the
Cerrado and Caatinga), northern Argentina, Paraguay, and Bolivia (Fig. 3.1). Most
authors have recognized this taxon as a full species given the presence of a distinct
sexual dichromatism: males are mostly black and females have a yellowish or brin-
dled tawny color (Groves 2001). Morphological analyses of the hyoid bone in males
distinguish this species from other howlers, particularly by the lack of a tentorium
(see Hershkovitz 1949; Gregorin 20006). Alouatta caraya has a diploid number of
2n=>52, which does not vary in specimens from distinct localities (de Oliveira et al.
2002). This species presents a sex chromosome system of X;X;X,X»/X;X,Y;Y,
(Mudry et al. 2001; de Oliveira et al. 2002), also observed in taxa of the A. seniculus
group (A. macconnelli, A. sara, A. arctoidea) (Seuanez et al. 2005) and in A. pigra
(Steinberg et al. 2008). This quadrivalent sex chromosome system differs from
those of A. guariba, A. belzebul, and A. palliata (see chapter by Mudry et al. 2015).
Chromosome painting with human chromosome probes suggests that the rearrange-
ments that gave rise to this system in A. caraya and the A. seniculus group may have
a single origin (Mudry et al. 2001), whereas the origin of the A. pigra quadrivalent
sex chromosome system seems to be separate (see chapter by Mudry et al. 2015).
The possible single origin of the sex chromosome system between A. caraya and the
A. seniculus group suggests that A. caraya may have a close phylogenetic affinity
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with the Amazonian red howler taxa. Indeed, A. caraya shares one chromosome
painting association pattern with the red howlers (A. seniculus, A. sara, A. macconnelli)
and A. guariba, but not with A. belzebul (see Stanyon et al. 2011). A phylogenetic
reconstruction by de Oliveira et al. (2002) based on parsimony analysis of chromo-
somal changes in different species of Alouatta places A. caraya as a sister group of
A. belzebul, but phylogenetic studies based on mitochondrial and/or nuclear
sequence data include A. caraya in a clade with species from the A. seniculus group
(Cortés-Ortiz et al. 2003; Nascimento et al. 2005; Perelman et al. 2011), or show
this species as basal to all howlers (e.g., Bonvicino et al. 2001). The actual phyloge-
netic position of A. caraya in the genus may require additional multilocus analyses
that contain representatives of all the main lineages of howler monkeys, and include
multiple samples from distinct geographic localities for each taxon.

Nascimento et al. (2005, 2007) and Ascunce et al. (2007) analyzed interspecific
variation in A. caraya using mitochondrial DNA markers (the control region and the
cytochrome b gene). In both cases they found evidence of divergent mitochondrial
haplotypes consistent with individuals from different geographical regions (Mato
Grosso, Brazil vs. Santa Cruz, Bolivia vs. Goias, Brazil in Nascimento et al. 2005,
and Mato Grosso, Brazil vs. northern Argentina/Paraguay vs. Goids, Brazil in Ascunce
et al. 2007). However, some of these divergent haplotypes can be found in both
Argentina and Brazil and therefore they may be the result of ancestral polymor-
phism or the expansion and secondary contact of formerly allopatric populations
(Ascunce et al. 2007). The structuring of mitochondrial haplotypes in these locali-
ties suggests that these populations could represent different subspecies. Whether
these populations constitute different taxa, however, remains to be explored with
further studies that include samples of individuals from a wider range of locations.

3.3.2 Alouatta guariba (Humboldt, 1812)

Type: No original type available. Hill (1962) notes for Mycetes bicolor (Gray, 1845)
(in the British Museum, adult male, skin and skull, 1844. 5.14.16) that the label
indicates it was collected by Parzudaki on the Orinoco. Napier (1976, p. 76) noted
that “it appears to be more closely related to A. belzebul,” and she catalogued it
under Alouatta sp. (p. 88).

Type locality: Brazil. Restricted by Cabrera (1957) to Rio Paraguassu, Bahia (Hill
1962; Napier 1976).

Common name: Brown howler.

This species inhabits the Atlantic Forest of Brazil, south of the Rio Sao Francisco
(Rylands et al. 1996) (Fig. 3.1). The taxonomy of this taxon is quite complex and
there is some confusion about its correct name. Rylands and Brandon-Jones (1998)
argued that E. Geoffroy Saint-Hilaire (1806) mentioned the name “guariba” in ref-
erence to A. belzebul not as a binomial but as a common name. “Guariba” is the
name for howlers in the Brazilian Amazon and E. Geoffroy Saint-Hilaire used it to
distinguish A. belzebul from the spider monkey Ateles belzebuth. The name guariba,
used for the brown howler by Humboldt (1812), is not as such a junior homonym as
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argued by Hershkovitz (1963) and is available for this taxon. (Humboldt [1812]
predated the Stentor fuscus of E. Geoffroy Saint-Hilaire [1812] by 2 months
[Thomas 1913]). Gregorin (2006) disagrees with this, however, and supports the
view of Hershkovitz (1963) that guariba is an objective junior homonym and that
the correct name to use for this taxon is A. fusca (Geoffroy Saint-Hilaire, 1812).
Here we follow the interpretation of Rylands and Brandon-Jones (1998) in using the
name A. guariba for this species.

Two different forms have been identified based on pelage coloration: a northern
brown howler A. g. guariba and a southern form in which males are darker than
females, the southern brown howler A. g. clamitans Cabrera, 1940. This distinction is
supported by cytogenetic (de Oliveira 1995; 1996; de Oliveira et al. 2002) and
molecular (Harris et al. 2005; de Mello Martins et al. 2011) data. Based on morpho-
logical analyses of cranial and hyoid bone features, Gregorin (2006) considers that
these two forms should be considered full species. Analyses of mitochondrial DNA
variation among the populations of A. guariba in three localities (in the states of Rio
de Janeiro, Sao Paulo, and Santa Catarina) show the existence of two mitochondrial
lineages (de Mello Martins et al. 2011). These monophyletic lineages are apparently
consistent with the northern and southern forms, which are in contact in the state of
Sao Paulo. Unfortunately, de Mello Martins et al. (2011) do not provide information
on the genetic distance between these lineages, but according to their Fig. 2, it is
similar to that observed among different haplotypes of A. belzebul. Although this
study supports some distinction between A. g. guariba and A. g. clamitans, the taxo-
nomic recognition as full species will require further genetic analyses that include a
larger number of samples across the range of this species, representatives of other
recognized howler species, as well as the use of multiple loci.

3.3.3 Alouatta belzebul Group
3.3.3.1 Alouatta belzebul (Linnaeus, 1766)

Type: Inexistent or unknown.

Type locality: Brazil. Thomas (1911) restricted the type locality to the state of
Pernambuco, based on the materials collected by Marcgrave (1648), on which
Linnaeus based his description (Gregorin 2006).

Common name: Red-and-black howler, red-handed howler.

Alouatta belzebul has been recognized as a full species ever since Linnaeus (1766)
first described it in his genus Simia. Hill (1962) recognized five subspecies: A. b.
belzebul, A. b. discolor, A. b. mexianae, A. b. ululata, and A. b. nigerrima.
Morphological, cytogenetic, and molecular studies have provided evidence that
A. nigerrima is more closely related to A. seniculus than to A. belzebul, and here we
consider it tentatively as a full species (see below). Groves (2001, 2005) considered
mexianae, discolor, and ululata as synonyms of A. belzebul; however, here we
cautiously follow Gregorin (2006) who placed mexianae as a junior synonym of
A. discolor and recognized belzebul, discolor, and ululata as full species based on
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morphological analyses of the cranium and hyoid apparatus, and pelage color pattern.
Below we comment on the need to validate some of these species with genetic data.

Alouatta belzebul has a disjunct distribution with populations in the lower Amazon
region in Brazil, to the south of the Rio Amazonas, as well as in isolated populations
in the coastal forests of northeastern Brazil (Langguth et al. 1987; Coimbra-Filho
et al. 1995) (Fig. 3.1). Genetic analyses have shown little divergence in haplotypes of
populations of A. belzebul in north-east Brazil and the Amazon basin (Bonvicino et al.
2001; Cortés-Ortiz et al. 2003), and a phylogeographic study based on the mitochon-
drial cytochrome b gene fails to distinguish populations from Paraiba from those of
the left margin of the Rio Tocantins in the state of Pard (Nascimento et al. 2008).

3.3.3.2 Alouatta discolor (von Spix, 1823)

Type: Juvenile male, Munich Museum.

Type locality: Forte Curupd (=Gurupd), south margin of Rio Amazonas, between
Rio Tapajés and Rio Xingu, state of Pard, Brazil. [Not the Island of Gurup4].
Common name: Spix’s red-handed howler monkey.

This species is distributed from the right bank of the rios Tapajos and Juruena to
the rios Xingu and Irir{ (Gregorin 2006; Glander and Pinto 2013) (Fig. 3.1). Elliot
(1913) regarded this taxon as a synonym of A. belzebul given that he considered that
the type (a juvenile with a darker pelage) presented pelage coloration within the
range of this species. Lonnberg (1941) described a new subspecies of A. belzebul to
the east of the Rio Tapajds, naming it A. b. tapajozensis, but Cruz Lima (1945)
argued that Lonnberg’s tapajozensis was a synonym of Spix’s discolor. He included
this form as a subspecies of A. belzebul (A. b. discolor). Later authors (e.g., Cabrera
1957; Hill 1962) followed Cruz Lima in recognizing the form discolor as a subspe-
cies of A. belzebul. Groves (2001, 2005) considered discolor as a synonym of a
monotypic A. belzebul, but Gregorin (2006), after a detailed analysis of morphomet-
ric data and pelage coloration patterns of over 70 individuals from Par4, concluded
that the diagnostic characters of the hyoid bone and pelage coloration clearly distin-
guish A. discolor from the other two phylogenetically close taxa (A. belzebul and
A. ululata) and are sufficiently trustworthy to validate its specific status. To date,
there are no genetic data from individuals of this region, so we only tentatively
consider A. discolor as a full species following Gregorin (2006).

3.3.3.3 Alouatta ululata Elliot, 1912

Type: Adult male, skin and skull, No. 1911.10.16.10, British Museum (Natural
History) (Napier 1976).

Type locality: Miritiba, northern Maranhdo State, Brazil.

Common name: Maranhao red-and-black howler.

Alouatta ululata is distributed in the north-east of Brazil, in the north of the states
of Maranhao, Piaui, and Ceara (Gregorin 2006) (Fig. 3.1). The typical pelage color-
ation pattern of this form was first described by Dollman (1910) from individuals
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collected in Miritiba (Maranh@o), but he believed that the specimens that he was
analyzing belonged to A. discolor, given that their pelage coloration pattern was
similar to the description given by Spix (1823). Later, Elliot (1912) recognized the
specimens as part of a distinct species, given that he considered that the type speci-
men and figure from Spix (1823) portrayed a young A. belzebul individual with
the typical darker coloration, and did not accurately match Spix’s description of
discolor. Furthermore, Elliot considered that Spix’s description could not be applied
to any species of howler known at that time (Elliot 1913). However, Elliot found
consistent differences between the specimens from Miritiba and the specimens from
the west of Pard, which he considered to be A. belzebul (here A. discolor) and he
therefore described it as a distinct species, A. ululata. Thering (1914), in his review
of the genus Alouatta, analyzed a number of specimens of howler monkeys from
Brazil and Venezuela with the aim of resolving the problematic positioning of the
forms discolor, ululata, and belzebul. Based on his analyses of cranial measure-
ments and pelage coloration, he concluded that the three forms belonged to a single
species, A. belzebul. Since then, most authors either considered ululata as a syn-
onym (e.g., Lonnberg 1941; Groves 2001) or as subspecies of A. belzebul (e.g., da
Cruz Lima 1945; Hill 1962). Gregorin (2006) considered that the specimens he
analyzed from Ceard and Maranhao presented a conspicuous coloration (sexually
dichromatic) not described for any individual of A. belzebul or A. discolor, and
therefore agreed with the recognition of A. ululata as a distinct species. As men-
tioned earlier, there are no genetic studies that include specimens of this taxon,
and therefore the question of their genetic distinctiveness from A. belzebul and
A. discolor remains an open question.

3.3.4 Alouatta seniculus Group
3.3.4.1 Alouatta seniculus (Linnaeus, 1766)

Type: Inexistent or unknown.
Type locality: Cartagena, department of Bolivar, Colombia.
Common name: Colombian red howler.

This is one of the two species of howler monkeys originally described by
Linnaeus (1766) in his genus Simia. It was originally believed that it was broadly
distributed in South America to the north of the Rio Amazonas, but morphological
and genetic analyses have yielded enough evidence to conclude that the howlers in
this area belong to a species complex (see below) rather than to a single species. Hill
(1962) recognized nine subspecies of Alouatta seniculus (seniculus, arctoidea, stra-
mineus, insulanus, amazonica, macconnelli, juara, puruensis, and sara), most of
which are considered valid taxa today; a couple are considered synonyms, and oth-
ers have even been reclassified as full species (see below). The only taxon not
recognized as valid is stramineus, the holotype of which is a female A. caraya (see
Rylands and Brandon-Jones 1998). Here we recognize three possible subspecies
of A. seniculus: A. s. seniculus, A. s. juara, and A. s. puruensis. Three more taxa
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formerly included as part of the seniculus group (A. arctoidea, A. macconnelli, and
A. sara) are considered to be distinct species, based primarily on genetic informa-
tion (see below). Unfortunately, genetic information is not available for the entire
species group. Gregorin (20006) elevated A. s. juara and A. s. puruensis to the spe-
cies level; however, we consider that more studies (particularly on their geographic
distribution and genetics) are needed before categorizing these taxa as distinct
species. Nonetheless, we present each subspecies separately to allow a better under-
standing of the variation already observed by Gregorin.

3.3.4.2 Alouatta seniculus seniculus (Linnaeus, 1766)

The distribution of A. s. seniculus is restricted to Colombia (east of the Andes),
northwestern Venezuela (around Maracaibo Lake), Brazilian Amazon to the north
of the Rio Solimdes and south of the Rio Negro, eastern Ecuador, and eastern Peru
(east of the Rio Huallaga, to the upper Marafion, and rios Napo and Putumayo).
This subspecies represents the typical seniculus described by Linnaeus (1766).
A number of genetic studies have included individuals sampled from within the
distribution range of this subspecies (e.g., Yunis et al. 1976; Cortés-Ortiz et al. 2003)
showing clear genetic differences with other species. However, phylogeographic
studies that include representatives of the different subspecies here considered are
still lacking, preventing a better understanding of the distribution of genetic varia-
tion within the species and limiting our abilities to correctly classify these forms.

3.3.4.3 Alouatta seniculus juara Elliot, 1910

The Jurud red howler monkey is distributed through the western portion of the
Brazilian Amazon, in the states of Acre and Amazonas, south of the Rio Solimdes
and west of the Rio Purus (Fig. 3.1). Its range extends to Peru, but the range limits
are not known. The taxonomic position of juara has been debated, sometimes con-
sidering it a junior synonym of A. seniculus (e.g., Cabrera 1957), other times includ-
ing it as one of its subspecies (e.g., Groves 2001) or as a distinct species (e.g., Elliot
1910; Gregorin 2006). These discrepancies are mainly due to the lack of compre-
hensive studies. Gregorin (2006) examined 31 specimens from Brazil that occur
within the supposed range of this taxon. He found statistical differences on morpho-
metric variables between juara and A. macconnelli and A. nigerrima, but he did not
present data for these types of analyses comparing juara to A. seniculus. Nonetheless,
he found differences in pelage coloration between juara and A. seniculus from
northern Colombia. Regarding hyoid morphology, Gregorin (2006) found a high
similarity between juara and A. seniculus and concluded that they must be phyloge-
netically proximate.

Lima and Seudnez (1991) reported on the karyotype of one individual sampled in
Tefé, in the range of juara, and mentioned that the karyotype of this individual was
“basically the same as that of the Colombian specimens” analyzed by Yunis et al. (1976)
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and that “this finding indicates that the geographic range of this subspecies might extend
further south to the Solimdes River.” Gregorin (2006) used this information as evidence
supporting the distinction of juara from A. macconnelli and A. nigerrima, but it remains
unclear whether this taxon is distinct from A. seniculus.

3.3.4.4 Alouatta seniculus puruensis Lonnberg, 1941

This subspecies is distributed along both margins of the Rio Purus, to the lower
Rio Madeira and the middle Rio Aripuana, extending eastward to the Rio Teles
Pires. To the south, it is restricted to the northern margin of the Rio Abuna on the
border of Bolivia (Glander and Pinto 2013) (Fig. 3.1). Gregorin (2006) reported the
southernmost locality for this species to be Placido de Castro in Acre, Brazil.

The main diagnostic character for this subspecies is the sexual dichromatism,
with males being dark rufous (back mahogany red and flanks and limbs maroon
[Hill 1962]) and females golden orange with the distal portions of the limbs, tails,
and beard dark rufous (pale yellowish, with the flank fringe partially orange and
the limbs and tail also showing some orange [Hill 1962]). Gregorin (2006) found
morphological differences in the shape of the hyoid bone, and proposed that it
be considered a full species. We continue to place this taxon as a subspecies of
A. seniculus until genetic studies reveal the degree of divergence (if any) with the
other members of this species.

3.3.4.5 Alouatta arctoidea Cabrera, 1940

Type: Adult male, Paris Museum.

Type locality: Caracas, Venezuela, fixed by J. A. Allen (1916) on the basis of
Humboldt’s vernacular name (Hill 1962), further restricted by Cabrera (1957) to the
valley of Aragua (Groves 2001).

Common name: Venezuelan red howler, Ursine red howler.

Alouatta arctoidea occurs on the island of Trinidad and in northern Venezuela,
from the coastal region of Falcon to the state of Miranda (north of the Orinoco)
(Fig. 3.1). Bodini and Pérez-Herndndez (1987) reported a possibly distinct form in
the Venezuelan llanos; however, no further studies have reported the existence of
this howler and here we consider it as part of A. arctoidea. This species was initially
described by Humboldt and Bonpland (1805) as Simia ursina but he created confu-
sion due to the disagreement between the description and the figure given by the
author (which depicted A. guariba). The name ursina (Humboldt) is now consid-
ered a synonym of guariba. J. A. Allen (1916) designated this form as a subspecies
of A. seniculus (A. s. ursina), and Cabrera (1940) proposed to call it A. s. arctoidea,
as the name ursina was inadmissible for this form given that it is a homonym to
Simia hamadryas ursinus Kerr, 1792 and Simia ursina (Bechstein 1800) used
to refer to the “ursine baboon” (Cabrera 1940).
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Based on cytogenetic differences recognized by Stanyon et al. (1995), this taxon
is currently accepted as a full species. The 14 chromosomal rearrangements found
by these authors between A. arctoidea (four individuals from Hato Masaguaral,
Venezuela) and A. sara (one individual captured in Bolivia, held at the San Diego
Zoo0) are more typical of differences between species, and are on the same order of
magnitude as those found between A. sara and A. seniculus by Minezawa et al.
(1985). However, until now no A. arctoidea specimens have been analyzed using
molecular techniques and no monkeys from northern Venezuela have been cytoge-
netically characterized. Therefore, further validation of this species is necessary and
the extent of its distribution range remains to be studied.

3.3.4.6 Alouatta macconnelli Elliot, 1910

Type: Adult male, skin and skull, No. 1908.3.7.3, British Museum (Natural History)
(Napier 1976).

Type locality: Coast of Demerara, Guiana.

Common name: Guianan red howler, Golden howler.

Alouatta macconnelli is distributed throughout the Guiana Shield, including
French Guiana, Suriname and Guyana, southern Venezuela (south of the Rio Orinoco),
and northern Brazil (from the coast of the state of Amapa to the eastern margins of the
rios Negro and Branco, including Gurup4 island in the Amazon delta) (Fig. 3.1).

There has been confusion about the name that should be used for the howler
monkeys that inhabit the Guiana Shield, as well as whether one or two taxa should
be recognized. The confusion started with E. Geoffroy Saint-Hilaire’s (1812)
description of Stentor stramineus,' which was based on a specimen of a female
A. caraya from Central Brazil (Elliot 1913; Rylands and Brandon-Jones 1998;
Gregorin 2006). Later, Elliot (1910) described A. macconnelli from one specimen
from French Guiana, and synonymized stramineus with A. seniculus (Elliot 1913),
which he deemed as clearly different from A. macconnelli. Tate (1939) considered
both macconnelli and stramineus as subspecies of A. seniculus, and da Cruz Lima
(1945) considered A. macconnelli (Elliot 1910) a synonym of A. seniculus stra-
minea (Geoffroy Saint-Hilaire 1812). Hill (1962) still included both straminea and
macconnelli as subspecies of A. seniculus, but wrote “There is every indication that
both macconnelli and amazonica fall within the range of variation of stramineus
and they should accordingly be treated as synonyms thereof, an action already taken
by Cabrera (1957).”

Bonvicino et al. (1995), based on morphological analyses of individuals in
the range of the two putative subspecies (A. s. stramineus and A. s. macconnelli),
concluded that the howlers from the northern bank of the Amazon can be divided
into two species separated by the Rio Trombetas, and argued that this is supported

' Although some authors, for example, Hill (1962), attribute the name stramineus to Humboldt
(1812) (Simia straminea) published two months before E. Geoffroy Saint Hilaire’s Stentor stra-
mineus, Humboldt (1812) gave specific credit to Geoffroy Saint-Hilaire for the name; he merely
placed it in Linnaeus’ genus Simia and changed the gender accordingly. (See Article 50.1.1 of the
International Code of Zoological Nomenclature <http://iczn.org/code>.)
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by the biochemical and karyological analyses of Sampaio et al. (1991) and Lima
et al. (1990) and Lima and Seudnez (1991), respectively. However, as discussed by
Rylands and Brandon-Jones (1998, p. 887), the main “confusion regarding the iden-
tity of the Guianan howler is compounded by the inadequate, or imprecise
information and uncorroborated conjectures about its geographic distribution.”
Rylands and Brandon-Jones (1998) found that the same specimens analyzed by
different authors as part of one taxon were regarded as the alternative taxon by others.
This is true throughout the taxonomic history of these two taxa, but was particularly
true in the case of the analyses done by Bonvicino et al. (1995).

Molecular analyses by Sampaio et al. (1996) using biochemical data concluded
that the genetic distance between populations from opposite sides of the Rio
Trombetas, and those to the east of the Rio Jari are too small to justify their separation
even at the subspecific level. Figueiredo et al. (1998) analyzed mitochondrial DNA
sequence data of individuals from the same locations as those of Sampaio et al. (1996)
and found that genetic distances among them were small and similar to those found
among populations, and that individuals from different localities were sometimes less
divergent than individuals from the same population. They concluded that both bio-
chemical and mitochondrial DNA data strongly suggested gene flow among the three
studied populations and the existence of a single species within the studied area.

Gregorin (2006) studied pelage coloration and morphometric data from specimens
sampled in Brazil, and compared them to specimens from the rest of the Guiana Shield
(French Guiana, Suriname, and southern Venezuela). He found that the Brazilian and
“Guianan” specimens presented great variation in pelage coloration, which was not
distinguished geographically. The same was true when analyzing the morphology of
the hyoid bone. Principal Component Analyses of morphometric data also did not sup-
port the recognition of two taxa for the Guiana Shield (Gregorin 2006). In all, Gregorin’s
study supported Figueiredo et al.’s (1998) conclusion that there is a single taxon of
howler in the Guiana Shield, which is easily distinguishable from the other recognized
species of howlers. The description of Elliot’s A. macconnelli type falls within the spec-
trum of variation found in the specimens from the Guiana Shield by Gregorin (2006),
and he concluded that this taxon should be conservatively named A. macconnelli, but
acknowledged the observation by Rylands and Brandon-Jones (1998) that given that
the type locality of Mycetes auratus Gray is in the west of the range of A. macconnelli,
the correct name for this species may well be Alouatta auratus (Gray, 1845).

3.3.4.7 Alouatta sara Elliot, 1910

Type: Adult female, skin and skill, No. 1907.8.2.1 British Museum (Natural History)
(Napier 1976).

Type locality: Province of Sara, Bolivia.

Common name: Bolivian red howler.

Distributed in Bolivia, this species occurs from the department of Pando south
along the Andean Cordillera, and east into Bolivia, including the Rio Beni basin and
east as far as the Mamoré-Guapor€ interfluvium (Anderson 1997; Biintge and Pyritz
2007) (Fig. 3.1).
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Alouatta sara was initially considered a distinct species by Elliot (1910) and
later regarded as a subspecies of A. seniculus by Cabrera (1957) and Hill (1962).
Minezawa et al. (1985) conducted cytogenetic analyses based on a sample of 33 red
howler monkeys from the region of Santa Cruz de la Sierra, Bolivia, and concluded
that their karyotype differed considerably from those of Colombian red howlers (A.
s. seniculus), and therefore should be considered a different species. Similarly, com-
parative cytogenetic analyses by Stanyon et al. (1995) demonstrated karyotype dif-
ferences between A. sara and A. arctoidea congruent with typical differences
observed between species belonging to different genera. Groves (2001) considered
sara to be a full species. Cortés-Ortiz et al. (2003) and Perelman et al. (2011)
included mitochondrial and nuclear sequence data of A. sara individuals in their
phylogenetic analyses, but only the former authors also included samples from
A. seniculus from Colombia. Phylogenetic analyses based on mitochondrial DNA
data show that A. sara and A. seniculus are sister taxa that diverged approximately
2.4 MA (Cortés-Ortiz et al. 2003). Based on cytogenetic and molecular data, the
recognition of A. sara as a full species is strongly supported. Nonetheless, further
studies are needed to understand the actual borders of its geographic range, its rela-
tionships with other howler species, and the levels of genetic variation across the
distribution of this taxon.

3.3.4.8 Alouatta nigerrima Lonnberg, 1941

Type: Originally in the Stockholm Museum (none of the seven specimens was des-
ignated as holotype in the original description [da Cruz Lima 1945]). Lectotype in
the Swedish Museum of Natural History NRM A63 3316 (indicated by Cabrera
[1957], and officially designated by Gregorin [2006]).

Type locality: The left margin of the Rio Tapajos (restricted by Cabrera [1957] to
Patinga, state of Pard, Brazil).

Common name: Amazonian black howler.

Alouatta nigerrima is endemic to Brazil, with a geographic range that extends
between the rios Madeira and Tapajés, north to the Rio Amazonas (Fig. 3.1). A few
specimens have also been collected in the northern margin of the Rio Amazonas, in
the regions of Oriximind and Obidos, in the state of Pard (Gregorin 20006).

Lonnberg (1941) described A. nigerrima as a full species, distinct from its neigh-
bor A. belzebul tapajoensis (here A. discolor, see above), and considered that these
two forms were phylogenetically close. One of the most important distinctive char-
acters described by Lonnberg (1941) as diagnostic of A. nigerrima is related to the
morphology of the hyoid bone, which clearly distinguishes it from A. discolor
(Gregorin 2006). Cruz Lima (1945) also considered A. nigerrima to be a distinct
species, but Hershkovitz (1949) placed it as a subspecies of A. belzebul (although
recognizing that the morphology of the hyoid bone could place it closer to A. senic-
ulus than to A. belzebul). Cabrera (1957) and Hill (1962) followed Hershkovitz in
listing nigerrima as a subspecies of A. belzebul.
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Armada et al. (1987) studied the karyotypes of 10 A. belzebul individuals
captured on the left margin of the Rio Tocantins, state of Pard, Brazil, and of one
captive individual of unknown origin tentatively identified as A. belzebul nigerrima,
based on pelage coloration. They found considerable differences in the karyotypes
of these two forms, and suggested a taxonomic reevaluation of these taxa. Oliveira
(1996) noted that the g-banding pattern of A. b. nigerrima presented by Armada
et al. (1987) was more similar to the one observed in A. seniculus than in A. b. bel-
zebul. Bonvicino et al. (2001) analyzed mitochondrial sequence data of seven
Brazilian Alouatta species, including a sample from the same individual identified
as A. belzebul nigerrima by Armada et al. (1987), and found that it was phylogeneti-
cally closer to A. macconnelli and A. seniculus than to A. belzebul.

Gregorin (2006) analyzed the pelage coloration and cranial morphology of
98 specimens of nigerrima, and found that the distinctive black pelage was invari-
able across most of the specimens he analyzed. He also noticed that the morphology
of the hyoid bone was distinct from any other Brazilian howler (confirming the
observations previously made by Cruz Lima [1945]), but that it is more similar to
the hyoid of A. macconnelli than to that of A. belzebul.

These morphological and genetic studies have supported the early recognition of
A. nigerrima as a distinct species from A. belzebul and phylogenetically closer to
the seniculus group. The genetic analyses have, however, been based on a single
individual of unknown origin. Given its proximity to A. macconnelli and the fact
that this latter taxon presents great variation in pelage coloration that includes indi-
viduals that are completely black (see Gregorin 2006), the question arises as to
whether this specimen really originates from the range of A. nigerrima or is in fact
a dark phase individual of A. macconnelli. Further genetic studies from individuals
of known origin are needed to discard this possibility and validate the status of
A. nigerrima.

3.4 Concluding Remarks

This review of the taxonomic history of the howler monkeys allows us to recognize
nine distinct species: A. palliata, A. pigra, A. seniculus, A. arctoidea, A. belzebul,
A. caraya, A. guariba, A. sara, and A. macconnelli. Three other taxa are tentatively
considered here as species: A. discolor, A. ululata, and A. nigerrima, but their full
validation as species still requires thorough genetic and/or morphological studies.
Furthermore, we include puruensis and juara as subspecies of A. seniculus, as there
is no data available to strongly support their taxonomic position as distinct species.
The possibility remains that A. guariba is composed of two or more subspecies or
even species. We recognize A. pigra and A. palliata as the only howler species pres-
ent in Mesoamerican, with A. palliata including coibensis and trabeata as subspe-
cies (besides palliata, mexicana, and aequatorialis) given that molecular data does
not support the separation of these two taxa as distinct species from A. palliata.
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Throughout this review, it should be evident that we still have a long way to go
to fully resolve the taxonomy of Alouatta. This is not surprising given the wide
distribution of the genus—the largest of any Neotropical genus—and the long
history of diversification of the living taxa, which started about 7 MA. Particular
efforts should be made to understand the distributions of the different forms and the
genetic and morphological variation within taxa. Ideally, studies should use speci-
mens from known geographical locations, and include individuals from as many
localities as possible within the known range of the taxa, ensuring the inclusion
of individuals from or near the type locality and from locations near the known or
presumed boundaries. They also should include representatives of closely related
taxa, not only those from geographic neighbors, but also those that are considered
phylogenetically closest. This endeavor requires collaboration among researchers
from different countries or geographical regions, and across different disciplines.

Our ability to properly identify and classify different taxa that represent distinct
evolutionary units requires integrated taxonomic, biogeographic, and evolutionary
studies (i.e., addressing the Linnean, Wallacean, and Darwinian shortfalls in biodi-
versity conservation; Diniz-Filho et al. 2013), and has immediate implications for
the long-term survival of these taxa. Most species of howlers and other Neotropical
primates face great and varied threats to their survival, and our ability as scientists
to properly portray the extent of diversity within this group will contribute to the
public understanding of the importance of maintaining this diversity. As a first step
in this direction, we need to be able to clearly distinguish the different forms based
on strong biological (genetic and morphological) evidence. As such, the taxonomy
that prevails in a particular moment is a scientific hypothesis based on current
knowledge, and changes are to be expected as more knowledge is acquired.

Taxonomic instability due to rapid changes in taxonomic arrangements may
produce confusion at the moment of identifying proper units for conservation.
However, these changes help to identify meaningful evolutionary lineages that
require immediate conservation attention. In this respect, what is worrisome is not
that the taxonomy of a group changes over time, but whether or not the changes
made (or proposed) are supported by thorough and solid scientific evidence. When
changes in taxonomic arrangements arise due to a better understanding of the evo-
lutionary relationships within a group, they must be accepted as part of the develop-
ment of science and should not be considered fickle and inconvenient to conservation
efforts. Rather, they should be seen as elements to consider that strengthen our
efforts to conserve biological diversity and meaningful evolutionary units.

As studies of howler monkeys in new geographical areas and using new genetic
and morphological technique increase, it is likely that the taxonomic arrangement
proposed here will change. Our responsibility lies in ensuring that the information
used to make the decisions to do these changes is solid and comprehensive before
these changes are accepted.

Acknowledgments We thank Bernardo Urbani, Dionisios Youlatos, and an anonymous reviewer
on the first draft of this manuscript for their helpful comments. L.C.O. was supported by an NSF
grant (BCS-0962807) while writing this chapter.



3 Howler Monkey Taxonomy 81

References

Allen JA (1916) List of mammals collected in Colombia by the American Museum of Natural
History expeditions, 1910-1915. Bull Am Mus Nat Hist 35:191-238

Anderson S (1997) Mammals of Bolivia, taxonomy and distribution. Bull Am Mus Nat Hist
231:1-652

Armada JLA, Barroso CML, Lima MMC, Muniz JAPC, Seudnez HN (1987) Chromosome studies
in Alouatta belzebul. Am J Primatol 13:283-296

Ascunce MS, Hasson E, Mulligan CJ, Mudry MD (2007) Mitochondrial sequence diversity of the
southernmost extant New World monkey, Alouatta caraya. Mol Phylogenet Evol 43:202-215

Bodini R, Pérez-Herndndez R (1987) Distribution of the species and subspecies of cebids in
Venezuela. Fieldiana Zool 39:231-244

Bonvicino CR, Fernandes MEB, Seudnez HN (1995) Morphological analysis of Alouatta seniculus
species group (Primates, Cebidae). A comparison with biochemical and karyological data. Hum
Evol 10:169-176

Bonvicino CR, Lemos B, Seudnez HN (2001) Molecular phylogenetics of howler monkeys
(Alouatta, Platyrrhini); a comparison with karyotypic data. Chromosoma 110:241-246

Brandon-Jones D (2006) Apparent confirmation that Alouatta villosa (Gray, 1845) is a senior syn-
onym of A. pigra Lawrence, 1933 as the species-group name for the black howler monkey of
Belize, Guatemala and Mexico. Primate Conserv (21):41-43

Biintge ABS, Pyritz LW (2007) Sympatric occurrence of Alouatta caraya and Alouatta sara at the
Rio Yacuma in the Beni Department, northern Bolivia. Neotrop Primates 14:82—83

Cabrera A (1940) Los nombres cientificos de algunos monos americanos. Cienc Rev Hisp Am
Cienc Puras y Aplic 1:402—405

Cabrera A (1957) Catédlogo de los mamiferos de América del Sur. Rev Mus Argentino de Cienc Nat
“Bernardino Rivadavia” 4:1-307

Coimbra-Filho AF, Camara I de G, Rylands AB (1995) On the geographic distribution of the
red-handed howling monkey, Alouatta belzebul, in north-east Brazil. Neotrop Primates 3:
176-179

Cortés-Ortiz L, Bermingham E, Rico C, Rodriguez-Luna E, Sampaio I, Ruiz-Garcia M (2003)
Molecular systematics and biogeography of the Neotropical monkey genus, Alouatta. Mol
Phylogenet Evol 26:64-81

da Cruz Lima E (1945) Mammals of Amazodnia, Vol. 1. General introduction and Primates.
Contribuicdes do Museu Paraense Emilio Goeldi de Histéria Natural e Etnografia, Belém do
Pard — Rio de Janeiro

de Mello Martins F, Gifalli-lughetti C, Koiffman CP, Harris EE (2011) Coalescent analysis of
mtDNA indicates Pleistocene divergence among three species of howler monkey (Alouatta spp.)
and population subdivision within the Atlantic Coastal Forest species, A. guariba. Primates
52:77-87

de Oliveira EHC (1995) Chromosomal variation in Alouatta. Neotrop Primates 3:181-182

de Oliveira EHC (1996) Cytogenetic and phylogenetic studies of Alouatta from Brazil and
Argentina. Neotrop Primates 4:156—157

de Oliveira EHC, Neusser M, Figueiredo WB, Nagamachi C, Pieczarka JC, Sbalqueiro 1J,
Wienberg J, Miiller S (2002) The phylogeny of howler monkeys (Alouatta, Platyrrhini): recon-
struction by multi-color cross-species chromosome painting. Chromosome Res 10:669—683

Diniz-Filho JAF, Loyola RD, Raia P, Mooers AO, Bibi, LM (2013) Darwinian shortfalls in biodi-
versity conservation. Trends Ecol Evol 28:689-695

Dollman JG (1910) A note on Alouatta discolor of Spix. Ann Mag Nat Hist 8th Series 6:422-424

Elliot DG (1910) Descriptions of new species of monkeys of the genera Seniocebus, Alouatta, and
Aotus. Ann Mag Nat Hist 8th Series 5:77-83

Elliot DG (1912) New species of monkeys of the genera Galago, Cebus, Alouatta, and
Cercopithecus. Bull Am Mus Nat Hist 31:31-33



82 L. Cortés-Ortiz et al.

Elliot DG (1913) A review of the Primates. Monograph series, Vol. 1. American Museum of
Natural History, New York [Published on 15 June 1913, not 1912 see correction slip.]

Figueiredo WB, Carvalho-Filho NM, Schneider H, Sampaio I (1998) Mitochondrial DNA
sequences and the taxonomic status of Alouatta seniculus populations in northeastern Amazonia.
Neotrop Primates 6:73-77

Ford SM (2006) The biogeographic history of Mesoamerican primates. In: Estrada A, Garber PA,
Pavelka MSM, Luecke L (eds) New Perspectives in the study of Mesoamerican primates:
distribution, ecology, behavior and conservation. Kluwer/Springer, New York

Froehlich JW, Froehlich PH (1986) Dermatoglyphics and subspecific systematics of mantled
howler monkeys (Alouatta palliata). In: Taub DM, King FA (eds) Current perspectives in
primate biology. Van Nostrand Reinhold, New York

Froehlich JW, Froehlich PH (1987) The status of Panama’s endemic howling monkeys. Primate
Conserv 8:58-62

Geoffroy Saint-Hilaire E (1806) Memoire sur les singes a main imparfaite ou les ateles. Ann Mus
Hist Nat Paris 7:260-273

Geoffroy Saint-Hilaire E (1812) Tableau des quadrumanes ou des animaux composant le premier
ordre de la classe des mammiféres. Ann Mus Hist Nat Paris 19:85-122

Glander KE, Pinto LP (2013) Subfamily Alouattinae, Alouatta Lacépede, 1799. In: Mittermeier
RA, Rylands AB, Wilson DE (eds) Handbook of the mammals of the world, vol 3, Primates.
Lynx Edicions, Barcelona

Gregorin R (2006) Taxonomy and geographic variation of species of the genus Alouatta Lacépede
(Primates, Atelidae) in Brazil. Rev Bras Zool 23:64-144

Groves CP (2001) Primate taxonomy. Smithsonian Institution Press, Washington, DC

Groves CP (2005) Order primates. In: Wilson DE, Reeder DM (eds) Mammal species of the world:
a taxonomic and geographic reference, vol 1, 3rd edn. Johns Hopkins University Press, Baltimore

Halenar LB, Rosenberger AL (2013) A closer look at the ‘Protopithecus’ fossil assemblages: new
genus and species from the Pleistocene of Minas Gerais, Brazil. ] Hum Evol 65:374-390

Hall ER (1981) The mammals of North America, vol 1. Wiley, New York

Hall ER, Kelson KR (1959) The mammals of North America, vol 1. The Ronald Press Company,
New York

Harris EE, Gifalli-Inghetti C, Braga ZH, Koiffman CP (2005) Cytochrome b sequences show
subdivision between populations of the brown howler monkey Alouatta guariba from Rio de
Janeiro and Santa Catarina, Brazil. Neotrop Primates 13:16-17

Hershkovitz P (1949) Mammals of northern Colombia. Preliminary report No. 4: monkeys
(Primates), with taxonomic revisions of some forms. Proc US Natl Mus 98:323-427

Hershkovitz P (1963) Primates. Comparative anatomy and taxonomy, [volume] V, Cebidae, part
B., A Monograph, by W. C. Osman Hill. Edinburgh University Press. 1962, xxix 537 pp., 31
pls., 94 figs., 3 maps. $32.00. A critical review with a summary of the volumes on New World
Primates. Am J Phys Anthropol 21:391-398

Hershkovitz P (1977) Living New World monkeys (Platyrrhini) with an introduction to Primates,
vol 1. Chicago University Press, Chicago

Hill WCO (1962) Primates comparative anatomy and taxonomy V. Cebidae Part B. Edinburgh
University Press, Edinburgh

Horwich RH (1983) Species status of the black howler monkey, Alouatta pigra, of Belize. Primates
24:288-289

Humboldt A (1812) Tableau synoptique des singes de I’Amérique. In: Humboldt A, Bonpland
A. Recueil d’observations de zoologie et d’anatomie comparée, faites dans I’océan Atlantique,
dans I’intérieur du nouveau continent et dans la mer du sud pendant les années 1799, 1800,
1801, 1802 et 1803, vol 1. Deuxieme partie. Observations de zoologie et d’anatomie comparée.
Schoell and Dufour and Co, Paris

Humboldt A, Bonpland A (1805) Recueil d’observations de zoologie et d’anatomie comparée,
faites dans I’océan Atlantique, dans I’intérieur du nouveau continent et dans la Mer du Sud
pendent les années 1799, 1800, 1801, 1802 et 1803. Book 1. Paris, Levrault, Schoell et Comp



3 Howler Monkey Taxonomy 83

Thering HV (1914) Os bugios do género Alouatta. Rev Mus Paulista 9:231-256

Kerr R (1792) The animal kingdom. J Murray & R Faulder, London

Langguth A, Teixeira DM, Mittermeier RA, Bonvicino C (1987) The red-handed howler monkey
in northeastern Brazil. Primate Conserv 8:36-39

Lawrence B (1933) Howler monkeys of the palliata group. Bull Mus Comp Zool 75:313-354

Lima MMC, Seuanez HN (1991) Chromosome studies in the red howler monkey, Alouatta seniculus
stramineus (Platyrrhini, Primates): description of an X;X,Y;Y»/X;X;X,X, sex-chromosome sys-
tem and karyological comparison with other subspecies. Cytogenet Cell Genet 57:151-156

Lima MMC, Sampaio MIC, Schneider MPC, Scheffrahn W, Schneider H, Salzano FM (1990)
Chromosome and protein variation in red howler monkeys. Braz J Genet 13:789-802

Linnaeus C (1766) Systema naturae per regna tria naturae secundum classes, ordines, genera, spe-
cies, cum characteribus, differentiis, synonymis, locis, 12 edn. Laurentius Salvius, Stockholm

Lonnberg E (1941) Notes on members of the genera Alouatta and Aotus. Ark Zool 33A:1-44

Marcgrave G (1648) Historiae rerum naturalium Brasilae, Book 6. De Quadrupedibus et Serpentibus,
Amsterdam

Minezawa M, Harada M, Jordan OC, Valdivia Borda CJ (1985) Cytogenetics of the Bolivian endemic
red howler monkeys (Alouatta seniculus sara): accessory chromosomes and Y-autosome translo-
cation related numerical variations. Kyoto Univ Overseas Res Rep New World Monkeys
5:7-16

Mudry MD, Rahn MI, Solari AJ (2001) Meiosis and chromosome painting of sex chromosome
systems in Ceboidea. Am J Primatol 54:65-78

Mudry MD, Nieves M, Steinberg ER (2015) Cytogenetics of howler monkeys. In: Kowalewski M,
Garber PA, Cortés-Ortiz L, Urbani B, Youlatos D (eds) Howler monkeys: adaptive radiation,
systematics, and morphology. Springer, New York

Napier PH (1976) Catalogue of primates in the British Museum (natural history). Part 1: Families
Callitrichidae and Cebidae. British Museum (Natural History), London

Napier JR, Napier PH (1967) A handbook of living primates. Academic, London

Nascimento FF, Bonvicino CR, da Silva FCD, Schneider MPC, Seudanez HN (2005) Cytochrome
b polymorphisms and population structure of two species of Alouatta (Primates). Cytogenet
Genome Res 108:106-111

Nascimento FF, Bonvicino CR, Seudnez HN (2007) Population genetic studies of Alouatta caraya
(Alouattinae, Primates): inferences on geographic distribution and ecology. Am J Primatol
69:1093-1104

Nascimento FF, Bonvicino CR, de Oliveira MM, Schneider MPC, Seudnez HN (2008) Population
genetic studies of Alouatta belzebul from the Amazonian and Atlantic Forests. Am J Primatol
70:423-431

Neville MK, Glander KE, Braza F, Rylands AB (1988) The howling monkeys, genus Alouatta. In:
Mittermeier RA, Rylands AB, Coimbra-Filho AF, da Fonseca GAB (eds) Ecology and behavior
of Neotropical primates, vol 2. World Wildlife Fund, Washington, DC

Perelman P, Johnson WE, Roos C, Seuanez HN, Horvath JE, Moreira MA, Kessing B, Pontius J,
Roelke M, Rumpler Y, Schneider MPC, Silva A, O’Brien SJ, Pecon-Slattery J (2011) A molec-
ular phylogeny of living primates. PLoS Genet 7:¢1001342. doi:10.1371/journal.pgen.1001342

Peres CA (1994) Which are the largest New World monkeys. J Hum Evol 26:245-249

Rosenberger AL (1980) Gradistic views and adaptive radiation of platyrrhine primates. Z Morphol
Anthropol 71:157-163

Rosenberger AL (1981) Systematics: the higher taxa. In: Coimbra-Filho AF, Mittermeier RA (eds)
Ecology and behavior of neotropical primates, vol 1. Academia Brasileira de Ciéncias, Rio de Janeiro

Rosenberger AL (2011) Evolutionary morphology, platyrrhine evolution and systematics. Anat
Rec 294:1955-1974

Rosenberger AL, Cooke SB, Halenar L, Tejedor MF, Hartwig WC, Novo NM, Munoz-Saba Y
(2015) Fossil Alouattines and the origin of Alouatta: craniodental diversity and interrelationships.
In: Kowalewski M, Garber PA, Cortés-Ortiz L, Urbani B, Youlatos D (eds) Howler monkeys:
adaptive radiation, systematics, and morphology. Springer, New York


http://dx.doi.org/10.1371/journal.pgen.1001342

84 L. Cortés-Ortiz et al.

Rylands AB, Brandon-Jones D (1998) Scientific nomenclature of the red howlers from the
northeastern Amazon in Brazil, Venezuela, and the Guianas. Int J Primatol 19:879-905

Rylands AB, Mittermeier RA (2009) The diversity of the New World primates (Platyrrhini). In: Garber
PA, Estrada A, Bicca-Marques JC, Heymann EW, Strier KB (eds) South American primates: com-
parative perspectives in the study of behavior, ecology, and conservation. Springer, New York

Rylands AB, Mittermeier RA, Rodriguez-Luna E (1995) A species list for the New World primates
(Platyrrhini): distribution by country, endemism, and conservation status according to the
Mace-Lande system. Neotrop Primates 3:113-160

Rylands AB, da Fonseca GAB, Leite YLR, Mittermeier RA (1996) Primates of the Atlantic forest:
origin, endemism, distributions and communities. In: Norconk MA, Rosenberger AL, Garber
PA (eds) Adaptive radiations of the neotropical primates. Plenum Press, New York

Rylands AB, Schneider H, Langguth A, Mittermeier RA, Groves CP, Rodriguez-Luna E (2000) An
assessment of the diversity of New World primates. Neotrop Primates 8:61-93

Rylands AB, Groves CP, Mittermeier RA, Cortés-Ortiz HJJ (2006) Taxonomy and distributions of
Mesoamerican primates. In: Estrada A, Garber P, Pavelka M, Luecke L (eds) New perspectives
in the study of Mesoamerican primates: distribution, ecology, behavior and conservation.
Springer, New York

Rylands AB, Mittermeier RA, Silva JS Jr (2012) Neotropical primates: taxonomy and recently
described species and subspecies. Int Zoo Yb 46:11-24

Sampaio MIC, Schneider MPC, Barroso CML, Silva BTF, Schneider H, Encarnacién F, Montoya
E, Salzano FM (1991) Carbonic anhydrase II in New World monkeys. Int J Primatol 12:
389-402

Sampaio MIC, Schneider MPC, Schneider H (1996) Taxonomy of the Alouatta seniculus group:
biochemical and chromosome data. Primates 37:67-73

Schneider H, Rosenberger AL (1996) Molecules, morphology, and platyrrhine systematics. In:
Norconk MA, Rosenberger AL, Garber PA (eds) Adaptive radiations of neotropical primates.
Plenum, New York

Schneider H, Sampaio I (2013) The systematics and evolution of New World primates—a review.
Mol Phylogenet Evol (in press). doi:10.1016/j.ympev.2013.10.017

Seudnez HN, Bonvicino CR, Moreira MAM (2005) The primates of the Neotropics: genomes and
chromosomes. Cytogenet Genome Res 108:38-46

Smith JD (1970) The systematic status of the black howler monkey, Alouatta pigra Lawrence.
J Mammal 51:358-369

Stanyon R, Tofanelli S, Morescalchi MA, Agoramoorthy G, Ryder OA, Wienberg J (1995)
Cytogenetic analysis shows extensive genomic rearrangements between red howler (Alouatta
seniculus Linnaeus) subspecies. Am J Primatol 35:171-183

Stanyon R, Garofalo F, Steinberg ER, Capozzi O, Di Marco S, Nieves M, Archidiacono N, Mudry
MD (2011) Chromosome painting in two genera of South American monkeys: species identi-
fication, conservation, and management. Cytogenet Genome Res 134:40-50

Steinberg ER, Cortés-Ortiz L, Nieves M, Bolzan AD, Garcia-Orduia F, Hermida-Lagunes J,
Canales-Espinosa D, Mudry MD (2008) The karyotype of Alouatta pigra (Primates: Platyrrhini):
mitotic and meiotic analyses. Cytogenet Genome Res 122:103-109

Tate GHH (1939) The mammals of the Guiana region. Bull Am Mus Nat Hist 76:151-229

Thomas O (1911) The mammals of the tenth edition of Linnaeus; an attempt to fix the types of the
genera and the exact bases and localities of the species. Proc Zool Soc Lond 1911:120-145

Thomas O (1913) New mammals from South America. Ann Mag Nat Hist 8th Series 12:567-574

von Spix JB (1823) Simiarum et vespertilionum Brasiliensium species novae, ou, histoire naturelle
des especes nouvelles de singes et de chauves-souris, observés et recueillies pendant le voyage
dans I’interieur du Brésil. F.S. Hubschmann, Munich

Yunis EJ, Torres de Caballero OM, Ramirez C, Ramirez ZE (1976) Chromosomal variation in the
primate Alouatta seniculus seniculus. Folia Primatol 25:215-224


http://dx.doi.org/10.1016/j.ympev.2013.10.017

	Chapter 3: The Taxonomy of Howler Monkeys: Integrating Old and New Knowledge from Morphological and Genetic Studies
	3.1 Introduction
	3.2 Mesoamerican Howler Monkeys
	3.2.1 Alouatta palliata (Gray, 1849)
	3.2.2 Alouatta pigra Lawrence, 1933

	3.3 South American Howler Monkeys
	3.3.1 Alouatta caraya (Humboldt, 1812)
	3.3.2 Alouatta guariba (Humboldt, 1812)
	3.3.3 Alouatta belzebul Group
	3.3.3.1 Alouatta belzebul (Linnaeus, 1766)
	3.3.3.2 Alouatta discolor (von Spix, 1823)
	3.3.3.3 Alouatta ululata Elliot, 1912

	3.3.4 Alouatta seniculus Group
	3.3.4.1 Alouatta seniculus (Linnaeus, 1766)
	3.3.4.2 Alouatta seniculus seniculus (Linnaeus, 1766)
	3.3.4.3 Alouatta seniculus juara Elliot, 1910
	3.3.4.4 Alouatta seniculus puruensis Lönnberg, 1941
	3.3.4.5 Alouatta arctoidea Cabrera, 1940
	3.3.4.6 Alouatta macconnelli Elliot, 1910
	3.3.4.7 Alouatta sara Elliot, 1910
	3.3.4.8 Alouatta nigerrima Lönnberg, 1941


	3.4 Concluding Remarks
	References


