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ABSTRACT. The Anthropocene brought an accelerated risk of extinction for species across the globe. However, extinction
proneness is not even across groups. Past and current events show large-sized mammals at greater extinction risk than
smaller ones. For practical reasons, conservation actions tend to focus on the species level; therefore, well-founded species
limits are pivotal. Since 2005, the number of known mammal species is about 20% higher but largely due to taxonomic
discoveries in small-sized taxa. Here we review the recent taxonomic advances on medium- and large-sized mammals (MLM)
from the Neotropics, and discuss misperceptions concerning the taxonomy stability in this group and how this may hinder
proper conservation actions. We advocate that apparent taxonomic inertia toward large-sized mammals is partly related to
limited systematic inquiry rather than representing an accurate knowledge of their diversity. Fortunately, this scenario has
slowly changed in recent years. Linked to integrative analyses that took place during the 21+ century, the Neotropical region
represents a major example of recent growth in MLM diversity. Taxonomic novelties were found in eight orders of MLM and
occurred across taxonomic ranks, from family to subspecies. Most changes comprise subspecies or synonyms elevated to
full species, but new taxa of Artiodactyla, Carnivora, Lagomorpha, Pilosa, Primates, Perissodactyla, and large rodents have
also been discovered. Recent reshuffles in MLM classification clearly illustrate the risk that bias in taxonomy studies can bring
to conservation. Considering the new findings, some species previously labeled as “least concern” for conservation, stand
now in some level of threat. This appraisal challenges the misperception of MLM as well-known and shows that taxonomy
is a conservation issue.
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The Anthropocene brought an accelerated risk of extinc-
tion across the globe for many taxa. Human-driven climate
change coupled with unprecedented habitat loss rates defines
the ongoing sixth mass extinction (Ceballos et al. 2017, 2020).
The effects, nevertheless, are expected to vary across biological
groups. While a small part of the extant fauna is being favored
by the current impacts (i.e., generalist, urban-adapted taxa,
commensal species), a great majority face massive population
decline (Dirzo et al. 2014). Selective extinctions are often related
to a set of species-specific traits (McKinney 1997, Fara 2000,
Robertson et al. 2004). Body size is one of the most assessed
extinction proneness traits as it relates to key ecological require-
ments, such as home range, population size, and litter size. For
example, large-sized mammals often exhibit greater extinction
risk than smaller ones (Cardillo et al. 2005, Dirzo et al. 2014).

ZOOLOGIA 39: €22007 | https://doi.org/10.1590/51984-4689.v39.e22007 | July 25, 2022

Ripple et al. (2017) found that increasing an order-of-magnitude
of body mass in mammals relates to a 67% higher chance of
being threatened. This extinction proneness of large mammals
is consistent both with past (e.g., Cretaceous-Paleogene mass
extinction and Pleistocene megafauna extinction; Fara 2000,
Wilson 2013) and current (Dirzo et al. 2014, Ripple et al. 2017,
Cooke et al. 2019) extinction events.

Species are the primary target for conservation actions and
the focus of national and international conservation assessments
and management (Isaac et al. 2004, Mace 2004, Dunning et al.
2006). For example, the IUCN based their threat status evalu-
ation firstly in species-level units; among the 5968 mammal
species currently classified in one of the IUCN’s threat categories,
information on infraspecific levels are available for only 411
subspecies and varieties and 42 subpopulations (IUCN 2021).
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This emphasizes the importance of well-designed taxonomic
studies in assessing species-level biodiversity.

The current focus in underscoring the mammalian diversi-
ty, however, seems to be highly skewed towards small mammals.
The 215 century has witnessed the rise of integrative taxonomy
studies at a broad scale (Dayrat 2005). As an example, 15 years
after the publication of the third edition of “Mammal Species
of the World” (Wilson and Reeder 2005—MSW3 hereafter),
the number of mammal species increased by 1180 (ca. 22%),
reaching a total of 6596 currently recognized species (Burgin
et al. 2018, MDD 2022). This remarkable increase is made up
mostly of small mammals, particularly rodents and bats, which
represent about 64% of newly recognized species. Contrary to
this upward trend, medium and large-sized mammals present-
ed minor taxonomic changes over the last century, except for
Neotropical primates and Malagasy lemurs (Patterson 2001,
Isaac et al. 2004, Burgin et al. 2018). This unbalanced taxonomic
novelties in small mammals likely relate to the fact they are
better represented in zoological collections (both in number
of specimens and geographic coverage), which in turn might
reflect their higher abundance in the nature and less bureaucratic
field surveys, making their taxonomic studies somewhat less
challenging (Patterson 2000). On the other hand, part of the
taxonomic inertia toward medium and large-sized mammals
likely reflects a limited number of systematic studies. Compiling
publications from three well-known systematic journals (Zoot-
axa, Zookeys, and Zoological Journal of the Linnean Society) in
the last 20 years reveals that only 26% of the publications are
related to medium and large mammals. Therefore, one could
ask how much do we know about the level of cryptic diversity
in medium and large-sized mammals?

In this essay, we review recent taxonomic advances on
medium and large-sized mammals (MLM) distributed in the
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Neotropical realm, where both biodiversity and threat are high,
address the misperception on the taxonomy stability in these
groups, and discuss how this taxonomy inertia toward MLM
can hinder proper conservation actions.

Defining medium and large mammals

Biologists commonly divide terrestrial mammals into
three artificial groups: volants (bats), small non-volants, and
medium and large non-volants (MLM). In the Neotropics, small
non-volant mammals usually refer to members of the orders
Didelphimorphia, Eulipotyphla, Microbiotheria, Paucituber-
culata, and Rodentia (except few families). Some authors have
used 1, 2, or even 5 kg as a cutting point to differentiate “small
mammals” from “MLM” (e.g., Emmons and Feer 1997, Merritt
2010), but this sole criterion can be misleading in some cases.
For example, some species of Didelphimorphia can reach up
to 2 kg, while silky anteaters and marmosets weigh less than
1 kg (Figs 1-4). Instead, this categorization could be viewed as
reflecting a set of common life-history features. Longevity, ges-
tation length, and time to reach sexual maturity are examples
of intrinsic biological parameters that set apart small from MLM
groups (Figs 1-4). These life-history metrics relate to population
density and growth, which together with body size can be used
as proxies of species’ risk of extinction. Therefore, here our defi-
nition of medium and large mammals includes all species of the
orders Artiodactyla, Carnivora, Cingulata, Lagomorpha, Pilosa,
Perissodactyla, Primates, and part of Rodentia (Cuniculidae,
Dasyproctidae, Erethizontidae, and Hydrochoerinae). Extrinsic
factors such as collecting techniques bring additional support for
this classification. Most field studies focusing on “small mam-
mals” in the Neotropics use Tomahawk and Sherman live traps
and pitfall traps to capture marsupials and small rodents. Other
mammals, even those with body sizes similar to marsupials and
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Figures 1-4. Distribution of (1) body size, (2) longevity, (3) gestation length, and (4) female maturity of Neotropical species clustered per
order. Data based on Myhrvold et al. (2015). Black vertical lines indicate the median. Red dashed lines are reference values. Note that
some species of Rodentia are also classified as medium and large mammals (MLM); see the text.
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small rodents, are rarely registered with these traps. Their surveys
nowadays rely mainly on non-collecting methods such as camera
traps, footprints, vocalizations, and direct visualizations. Field
collection of MLM is mostly opportunistic when individuals
are found dead naturally or due to anthropogenic causes, like
roadkills. These methodological differences between small and
MLM surveys reflect the availability of specimens in scientific
collections and ultimately the uneven number of taxonomic
studies between these groups.

Recent taxonomic discoveries in MLM

By reviewing the literature, we found that about ca. 61% of
the Neotropical MLM genera had no taxonomic-focused studies
in the last 50 years (Fig. 5). On the other hand, those groups that
underwent in-depth taxonomic studies often had synonyms
or subspecies elevated to species level. Surprisingly, taxonomic
novelties also included the description of new species of Carniv-
ora (Helgen et al. 2013), Lagomorpha (Ruedas 2017), and Pilosa
(Miranda et al. 2018—see Table 1 for a list of recent taxonomy
discoveries in MLM). The increase in the number of MLM species
is certainly linked to integrative analyses applied during the 21+
century. Below we summarized the taxonomic changes for Neo-
tropical MLM since the publication of MSW3 in 2005.
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Figure 5. Proportion of Neotropical medium and large mammalian
genera lacking (orange bars) taxonomic studies organized per
order. It is noteworthy however that even for those genera that
underwent recent taxonomic studies (gray bar), uncertainties in
some species limits still remain and they should not be considered

fully understood.

Xenarthra

The superorder Xenarthra (armadillos, sloths, and anteat-
ers) is a group that went through dramatic taxonomic changes
at family, genus, subgenus, species, and subspecies levels. In the
order Cingulata, Gibb et al. (2016) classified extant armadillos
in two different families (Chlamyphoridae and Dasypodidae)
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instead of the traditional one, as a long-stand view. Major
changes occurred in the long-nosed armadillos (Dasypus spp.)
in the last five years, including the recognition of three sub-
genera (Hyperoambon, Muletia, and Dasypus; Feijé et al. 2019),
the split of a previous widely distributed Amazonian taxon
into three species (Feijé and Cordeiro-Estrela 2016, Feijo6 et al.
2018, 2019), the description of a new subspecies (Feijo et al.
2018), and the rearrangement of a former species as a subspecies
(Feij6 et al. 2018, 2019). Furthermore, a recent revision of the
naked-tailed armadillos, Cabassous, removed C. squamicaudis
from the synonymy with C. unicinctus, raising the number of
extant species of this genus to five (Feijo and Anacleto 2021).
Within the order Pilosa, silky anteaters, the smallest anteaters
of the world, had long been considered as a monotypic genus
widely distributed in Central and northern South America and
the sole extant member of Cyclopedidae. Recently, Miranda et
al. (2018) uncovered seven species of Cyclopes, three previously
hidden under Cyclopes didactylus for more than a century, and
three newly described species (Table 1).

Carnivora

Once considered one of the best-known groups (Reeder et
al. 2007), the iconic members of the order Carnivora represent
another case of recent taxonomic changes, with important
published studies on felids, mephitids, and procyonids. Taxo-
nomic revisions of Leopardus resulted in major changes in felid
taxonomy (Table 1). Studies revealed that the widely distributed
oncilla, L. tigrinus, represents a complex of three species (Trigo
et al. 2013, Nascimento and Feijé 2017, Trindade et al. 2021).
Another striking taxonomic change concerns the pampas cats,
where a previously polytypic species (L. colocola) was split into
five species (Nascimento et al. 2021). Within extant mephitids,
although a comprehensive taxonomic revision of hog-nosed
skunks, Conepatus, is lacking, the genus had recent taxonomic
changes. Conepatus humboldtii is now considered a junior syn-
onym of C. chinga and C. amazonicus is treated as a valid species
(Feij6 and Langguth 2013, Schiaffini et al. 2013). Recently,
McDonough et al. (2022) revised spotted skunks, Spilogale, and
elevated three subspecies to full species, raising to seven the
number of species in this genus.

Procyonids were also studied in recent years (Table 1).
Helgen et al. (2013) not only made a substantial rearrangement
on olingos, Bassaricyon, but also described the olinguito, B. ne-
blina. The taxonomy and phylogeographic structure of coatis,
Nasua, and mountain coatis, former genus Nasuella, were revised,
leading to the lump into a single genus Nasua (Nigenda-Morales
et al. 2019, Ruiz-Garcia et al. 2020b) and the revalidation of N.
meridensis (see Helgen et al. 2009). Nonetheless, the evolutionary
history of the coatis is yet to be fully understood. Finally, the
validity of species of raccoons, Procyon, has also been questioned,
most of them proving to be conspecific to P. lotor (see Helgen et
al. 2008), including the Caribbean endemic Procyon pygmaeus,
as recently suggested by Louppe et al. (2020).
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Table 1. Recent taxonomic changes of Neotropical medium- and large-sized mammals as compared to Mammal Species of the World,
volume 3 (MSW3; Wilson and Reeder 2005). Marine mammals are not included in the present study. References are provided in Supple-
mentary Table ST1.

Current
Taxa MSwW3 References
Remarks Valid taxa
Pilosa
Cyclopes C. didactylus (Linnaeus, 1758) Subspecies elevation C. didactylus 1
C. ida Thomas, 1900
C. dorsalis (Gray, 1865)
C. catellus Thomas, 1928
New species C. thomasi Miranda et al., 2017
C. rufus Miranda et al., 2017
C. xinguensis Miranda et al., 2017
Cingulata
Dasypodidae Dasypodidae Gray, 1821 Family split Dasypodidae 2
Chlamyphoridae Bonaparte, 1850
Dasypus Dasypus Linnaeus, 1758 Subgenus validation D. (Dasypus) 3
D. (Hyperoambon) Peters, 1864
D. (Muletia) Gray, 1874
D. kappleri Krauss, 1862 Synonym elevation D. (Hyperoambon) kappleri 3,4
D. (Hyperoambon) beniensis Lonnberg, 1942
D. (Hyperoambon) pastasae (Thomas, 1901)
D. septemcinctus Linnaeus, 1758  Subspecies status validation D. (Muletia) septemcinctus septemcinctus 3-5
D. hybridus (Desmarest, 1804) Treated as subspecies D. (Muletia) septemcinctus hybridus
New subspecies D. (Muletia) septemcinctus cordobensis Feij6, Patterson & Cordeiro-Estrela, 2018
D. yepesi Vizcaino, 1995 Junior synonym of the revalidated D. mazzai D. mazzai Yepes, 1933 6
Chaetophractus ~ C. nationi Thomas, 1894 Junior synonym C. vellerosus (Gray, 1865) 7
Cabassous C. unicinctus (Linnaeus, 1758) Subspecies elevation C. unicinctus 8
C. squamicaudis (Lund, 1845)
Carnivora
Leopardus L. braccatus (Cope, 1889)° Subspecies elevation L. braccatus 9
L. munoai (Ximénez, 1961)
L. colocola (Molina, 1782)* Treated as monotypic L. colocola
L. pajeros (Desmarest, 1816)? Subspecies elevation L. pajeros
L. garleppi (Matschie, 1912)
L. tigrinus (Schreber, 1775) Subspecies and synonym elevation L. tigrinus 10, 11
L. emiliae (Thomas, 1914)
L. guttulus (Hensel, 1872)
Conepatus C. semistriatus (Boddaert, 1785)  Subspecies elevation C. semistriatus 12,13
C. amazonicus (Lichtenstein, 1832)
C. humboldtii Gray, 1837 Junior synonym C. chinga (Molina, 1782) 13
Spilogale S. gracilis Merriam, 1890 Subspecies elevation S. gracilis 14
S. leucoparia Merriam, 1890
S. angustifrons Howel, 1902 Subspecies elevation S. angustifrons
S. yucatanensis Burt, 1938
S. putorius (Linnaeus, 1758) Subspecies elevation S. interrupta (Rafinesque, 1820)
S. putorius
Nasuella Nasuella Hollister, 1915 Junior synonym Nasua Storr, 1780 15,16
Nasua N. olivacea (Gray, 1865) Subspecies elevation N. olivacea 17
N. meridensis (Thomas, 1901)°
Bassaricyon B. beddardi Pocock, 1921 Junior synonym B. alleni Thomas, 1880 18
B. lasius Harris, 1932 Junior synonyms B. gabbii |.A. Allen, 1876
B. pauli Enders, 1936
Species validation B. medius Thomas, 1909
New species B. neblina Helgen et al., 2013
Artiodactyla
Inia 1. geoffrensis (Blainville, 1817) Subspecies elevation 1. geoffrensis 19
I. boliviensis d'Orbigny, 1834
New species 1. araguaiaensis Hrbek, Farias, Dutra & da Silva, 2014
Mazama M. gouazoubira (G. Fischer, 1814) Subspecies elevation M. gouazoubira 20-22
M. nemorivaga (F. Cuvier, 1817)
M. bricenii Thomas, 1908 Junior synonym M. rufina Pucheran, 1851 23
M. americana (Erxleben, 1777) ~ Synonym elevation M. rufa (llliger, 1815) 24
M. bororo Duarte, 1996 Junior synonym M. jucunda Thomas, 1913 25
Perissodactyla
Tapirus New species T. kabomani Cozzuol, Clozato, Holanda, Rodrigues, Nienow, de Thoisy, 26
Redondo & Santos, 2013¢
Continues
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Table 1. Continued.

Current
Taxa MSW3 References
Remarks Valid taxa
Rodentia
Echinoprocta Echinoprocta Gray, 1865 Junior synonym Coendou Lacépede, 1799 27,28
Coendou C. bicolor (Tschudi, 1844) Subspecies elevation C. bicolor 27,28
C. quichua Thomas 1899
C. villosus (F. Cuvier, 1823) Junior synonym C. spinosus (F. Cuvier, 1823)
C. rothschildi Thomas, 1902 Junior synonym C. quichua
New species C. baturitensis Feij6 & Langguth, 2013 12
New species C. speratus Mendes Pontes et al., 2013 29
C. prehensilis (Linnaeus, 1758) Synonym elevation and subspecies status  C. (Coendou) longicaudatus longicaudatus Daudin, 1802 30
validation
C. (Coendou) longicaudatus boliviensis (Gray, 1850)
Subgenera validation Coendou Lacépede, 1799
Sphiggurus F. Cuvier, 1825
New subgenus Caaporamys Menezes et al. 2021
Dasyprocta New species D. iacki Feij6 & Langguth, 2013 12
Primates
Aotus A. lemurinus (1. Geoffroy, 1843)  Subspecies elevation A. lemurinus 31
A. brumbacki Hershkovitz, 1983
A. griseimembra D.G. Elliot, 1912
A. zonalis Goldman, 1914
New species A. jorgehernandezi Defler & Bueno, 2007
A. azarae (Humboldt, 1811) Subspecies elevation A. azarae 32,33
A. infulatus (Kuhl, 1820)
A. boliviensis (Elliot, 1907)
A. hershkovitzi Ramirez-Cerquera, Junior synonym A. lemurinus 34
1983
Alouatta A. belzebul (Linnaeus, 1766) Synonym elevation A. discolor (Spix, 1823) 35
A. ululata Elliot, 1912
A. seniculus (Linnaeus, 1766) Subspecies elevation A. seniculus 35, 36
A. arctoidea Cabrera, 1940
A. puruensis Lonnberg, 1941
Callithrix C. (Callithrix) Erxleben, 1777 Genus elevation Callithrix 37
C. (Cebuella) Gray, 1866 Genus elevation Cebuella
C. (Mico) Lesson, 1840 Genus elevation Mico
C. (Callibella) Van Roosmalen &  Junior synonym Mico
Van Roosmalen, 2003
Cebuella C. pygmaea (Spix, 1823) Subspecies elevation C. pygmaea 38, 39
C. niveiventris Lonnberg, 1940
Cebus Cebus Erxleben, 1777 Genus split Cebus 40-42
Sapajus Kerr, 1792
Subspecies elevation C. aequatorialis Allen, 1921 43, 44
C. cuscinus Thomas, 1901
C. unicolor Spix, 1823
C. versicolor Pucheran, 1845
Synonym elevation C. brunneus Allen, 1914 43, 44
C. castaneus 1. Geoffroy, 1851
C. cesarae Hershkovitz, 1949
C. imitator Thomas, 1903
C. leucocephalus Gray, 1866
C. malitiosus Elliot, 1909
C. yuracus Hershkovitz, 1949
Sapajus Species validation S. flavius (Schreber, 1799)¢ 45
Species validation S. cay (llliger, 1815)¢ 40, 41, 44
S. robustus (Kuhl, 1820)
Saimiri S. sciureus (Linnaeus, 1758) Subspecies elevation S. sciureus 46, 47
S. cassiquiarensis (Lesson, 1840)
S. macrodon Elliot, 1907
Synonym elevation S. collinsi Osgood, 1916
Mico New species M. munduruku Costa-Araljo, Farias & Hrbek, 2019 48
New species M. rondoni Ferrari, Sena, Schneider & Silva-Junior, 2010 49
New species M. schneideri Costa-Aradijo et al., 2021 50
Cacajao C. melanocephalus (Humboldt, 1812) Synonym elevation C. melanocephalus 51,52
C. ouakary (Spix, 1823)
Callicebus Callicebus Thomas, 1903 New genera Callicebus 53

Cheracebus Byrne et al., 2016
Plecturocebus Byrne et al., 2016

Continues
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Table 1. Continued.

Current
Taxa MSW3 References
Remarks Valid taxa
Plecturocebus New species P. vierai (Gualda-Barros, Nascimento & Amaral, 2012) 54
New species P.urubambensis (Vermeer & Tello-Alvarado, 2015) 55
New species P._miltoni (Dalponte, Silva & Silva Janior, 2014) 56
New species P._grovesi Boubli et al., 2019 57
New species P. parecis Gusmao et al., 2019 58
New species P._aureipalatii (Wallace et al., 2006) 59
New species P. caquetensis (Defler, Bueno & |. Garcia, 2010) 60
C. cupreus (Spix, 1823) Synonym elevation P. cupreus 55
P. toppini Thomas, 1914
Pithecia New species P. cazuzai Marsh, 2014 61
P isabela Marsh, 2014
P. irrorata Gray, 1843¢ Synonym elevation P. irrorata 61, 62
P. vanzolinii (Hershkovitz, 1987)
P. monachus E. Geoffroy St. Hilaire, Subspecies elevation P. monachus 61
1812
P._milleri (J. A.Allen, 1914)
P. pithecia (Linnaeus, 1766) Subspecies elevation P. pithecia
P. chrysocephala |. Geoffroy St.-Hilaire, 1850
Synonym elevation P. hirsuta (Spix, 1823)
P. inusta (Spix, 1823)
P._napensis (Lonnberg, 1938)
Saguinus Saguinus Hoffmannsegg, 1807  Genus split Saguinus 63
Leontocebus Wagner, 1839
S. niger (Geoffroy, 1803) Synonym elevation S. ursula Hoffmannsegg, 1807 64
Saguinus pileatus (1. Geoffroy &  Treated as subspecies S. mystax pileatus 63
Deville, 1848)
Leontocebus' L. fuscicollis (Spix, 1823) Subspecies elevation L. cruzlimai (Hershkovitz, 1966) 63
L. fuscus (Lesson, 1840)
L. illigeri (Pucheran, 1845)
L. lagonotus (Jimenez de la Espada, 1870)
L. leucogenys (J. E. Gray, 1866)
L. nigrifrons (I. Geoffroy Saint-Hilaire, 1851)
Oreonax Oreonax Thomas, 1927 Junior synonym Lagothrix 65
Lagothrix L. cana (E. Geoffroy St.-Hilaire, ~ Treated as subspecies L. lagotricha cana 66
1812)
L. lugens Elliot, 1907 L. lagotricha lugens
L. lagotricha (Humboldt 1812) L. lagotricha lagotricha
L. poeppigii Schinz, 1844 L. lagotricha poeppigii
Oreonax flavicauda (Humboldt,  Oreonax tretead as subgenus L. (Oreonax) flavicauda
1812)
Lagomorpha
Sylvilagus New species . parentum Ruedas, 2017 67

. brasiliensis? 67-71
. andinus (Thomas, 1897)9

S. brasiliensis (Linnaeus, 1758) Subspecies elevation

S
S.
S
S. minensis Thomas, 1901"

S. tapetillus Thomas, 1913

S. paraguensis Thomas, 1901

S. sanctaemartae Hershkovitz, 1950

S. apollinaris Thomas, 1920

S. fulvescens ).A. Allen, 1912

S. gabbi (Allen, 1877)

S. surdaster Thomas, 1901

S. daulensis |.A. Allen, 1914 71
S. incitatus (Bangs, 1901)

S. nicefori Thomas, 1921

S. salentus J.A. Allen, 1913

2After the MSWS3, Kitchener et al. (2017) classified the pampas cat in one polytypic species (L. colocola) with seven subspecies.
PAlso see Ruiz-Garcia et al. (2020b) about the validity of N. meridensis.

<See Voss et al. (2014) for an alternative hypothesis.

9Not listed in the MSW3.

¢Compare opposite hypothesis of Marsh (2014) and Serrano-Villavicencio et al. (2019)

fGarbino and Martins-Junior (2018) consider Leontocebus, Saguinus and Tamarinus as subgenera.

9See Diersing and Wilson (2017) for different hypothesis.

hSpecies that still need to be properly revalidated (see Silva et al. 2019).

Needs further studies to confirm validity (see Silva et al. 2019).

Validation from synonym of S. surdaster
Validation from synonym of S. gabbi
Validation from synonym of S. fulvescens
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Artiodactyla

The composition of the order Artiodactyla has greatly
changed in the last 15 years. First, the inclusion of Cetacea
(dolphins, porpoises, and whales) nested within Artiodactyla is
now largely accepted (Bininda-Emmons et al. 2007, Asher and
Helgen 2010). Second, there have been several changes in some
artiodactyls taxa contents. We highlight here two particular cases
concerning the Iniidae and Cervidae. River dolphins, Inia, are an-
other case of MLM that had recently validated species and, most
remarkably, a description of a new species: the Araguaian river
dolphin, Inia araguaiaensis (Hrbek et al. 2014). Furthermore,
several Neotropical cervids appear to be polyphyletic groups,
with members of some genera known to be highly divergent
lineages, such as Mazama and probably Pudu and Hippocamelus
(Duarte et al. 2008, Gutiérrez et al. 2017, Cifuentes-Rincon et al.
2020, Gonzalez and Duarte 2020, Heckeberg 2020). Therefore,
it is likely that additional genera of cervids will be described or
validated in upcoming years. Species-level changes include the
validation of Mazama nemorivaga, the reallocation of Mazama
pandora to the genus Odocoileus, the revalidation of Mazama rufa
out of the M. americana complex, and most recently the recogni-
tion of Mazama jucunda as the valid name for the Atlantic Forest
small red brocket deer (Gutiérrez et al. 2017, Heckeberg 2020,
Peres et al. 2021, Mantellatto et al. 2022). These studies reveal
that the diversity of Neotropical artiodactyls is still underestimat-
ed, and future changes are certain (Gonzélez and Duarte 2020).

Perissodactyla

One debated taxonomic discovery concerns the description
of the Kabomani tapir, Tapirus kabomani (Cozzuol et al. 2013).
Although included in the recently updated mammal species list
of Brazil (Quintela et al. 2020), Voss et al. (2014) highlighted that
compelling data is still needed to corroborate the validity of this
species (but see Cozzuol et al. 2014). Regardless of upcoming
studies about this subject, it’s certainly a fact that Cozzuol et al.
(2013) revealed how little we know about tapirs, the largest extant
terrestrial mammals of the American continent.

Primates

Major changes concern the Neotropical members of the
order Primates. One is the recent split of the genera Callicebus,
Cebus, and Saguinus into three, two, and three genera, respec-
tively (Lynch-Alfaro et al. 2012a, 2012b, 2014, Byrne et al. 2016,
Rylands et al. 2016—but see Garbino 2015, and Gutiérrez and
Marinho-Filho 2017 for alternative arrangements at the sub-
genus level). Additional changes were due to the continuous
rearrangement of subspecies or junior synonyms into valid
species, and the description of new taxa (e.g., Boubli et al. 2019,
Costa-Aratjo et al. 2019, Gusmao et al. 2019, Costa-Aragjo et al.
2021). Just in the last five years, four new species of platyrrhines
were described in South America (see Table 1). One highly de-
bated issue is the taxonomic review of Pithecia by Marsh (2014),
which described five new species and elevated six synonyms
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or subspecies to full species. However, Serrano-Villavicencio et
al. (2019) treated P. mittermeieri, P. rylandsi, and P. pissinattii as
junior synonyms of P. irrorata. Therefore, even receiving great
attention from taxonomists over decades, monkeys continue to
be the group of Neotropical MLM with the highest number of
taxonomic changes in recent years (Table 1).

Lagomorpha

Although diverse in other parts of the world, the order
Lagomorpha has been represented for decades in South Amer-
ica by only two species: Sylvilagus brasiliensis and S. floridanus,
with the former being once considered the most widely distrib-
uted cottontail in the continent and with several subspecies
recognized (Silva et al. 2019). Only recently the diversity of
this genus in South America was raised with the description
of S. varynaensis (Durant and Guevara 2001) and S. parentum
(Ruedas 2017), and validation of S. andinus, S. tapetillus, and S.
sanctaemartae (Bonvicino et al. 2015, Ruedas 2017, Ruedas et
al. 2017, 2019), all three treated as subspecies of S. brasiliensis
in MSW3. Additionally, Diersing and Wilson (2017) proposed
a series of taxonomic changes for Central American and the
North Andean cottontails. They considered S. sanctaemartae as
subspecies of S. gabbi, both S. fulvescens and S. apollinaris as valid
Andean species, and S. andinus and S. defilippi as a subspecies of S.
brasiliensis. More recently, Ruedas et al. (2019) did not recognize
the subspecific status of S. defilippi, considering it as a nomen
nudum; and treated many taxa from Central America and the
Andean region as valid: S. andinus, S. apollinaris, S. daulensis, S.
incitatus, S. fulvescens, S. gabbi (now restricted to Mesoamerica),
S. nicefori, S. salentus, and S. surdaster. Another recent study fo-
cuses largely on the S. brasiliensis species complex, suggesting S.
minensis may be another valid taxon from South America, and
others are yet to be clarified, like S. paraguensis (see Silva et al.
2019). Finally, Mora et al. (2020) treated S. dicei as a valid taxon
now restricted to forested uplands in Costa Rica and western
Panama. As summarized in Table 1, the recent scenario of Syl-
vilagus taxonomy is complex and despite the recent advances,
the range distribution of all these species remains unclear, as
well as the taxonomic status of several Neotropical populations.

Rodentia

Large-sized rodents have also gone through taxonom-
ic changes that include different Neotropical families, with
their phylogenetic relationships better clarified only recently
(Upham and Patterson 2015). We restrict here to comment on
large-sized members of the infraorder Hystricognathi that un-
derwent marked recent changes at the genus and species levels.
New World porcupines (Erethizontidae) are probably the most
significant case, with many changes in nominal taxa at the
genus and species level (Voss 2011, Voss et al. 2013, Menezes et
al. 2021). Notably, among the 16 species of Coendou currently
recognized, four were described in the last 20 years (Voss and
da Silva 2001, Feij6é and Langguth 2013, Mendes Pontes et al.
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2013). In addition, Menezes et al. (2021) recently removed one
species from the Brazilian porcupine C. prehensilis synonymy,
leading to a marked rearrangement in the taxonomy of this
previously widely distributed taxon. Another example concerns
the description of a new species of agouti (Dasyproctidae) from
Brazil (Feijo and Langguth 2013). Nonetheless, most genera of
Hystricognathi rodents are in critical need of revision and their
diversity is probably underestimated.

Unnamed MLM diversity

In addition to these formal taxonomic changes in large-
sized Neotropical mammals in the last 15 years (Table 1), there
is strong and increasing support for a largely hidden diversity.
Gibb et al. (2016) and Feijo et al. (2019) identified an unnamed
lineage of nine-banded armadillos in South America. Hautier et
al. (2014) and Voss and Fleck (2017) reported morphologically
distinct populations of the Amazonian brown-throated sloths
Bradypus variegatus, which largely mirror the phylogenetic
findings reported by Ruiz-Garcia et al. (2020a). Investigating
Neotropical deers, many studies (e.g., Heckeberg et al. 2016,
Gutiérrez et al. 2017) report the existence of several species
complexes (e.g., M. americana, M. nemorivaga, among others)
and undescribed taxa. This also proved to be the case for the
South American cottontails, with at least two species likely to be
described in coming years (Ruedas et al. 2019, Silva et al. 2019),
and for agouties, with recent molecular evidence suggesting a
species complex in Dasyprocta fuliginosa (see Ruiz-Garcia et al.
2022). The taxonomic rank of these groups needs clarification.
This highlights that even for those genera that underwent some
taxonomic studies in recent years, uncertainty remains and they
should not be considered fully resolved.

The myth of MLM taxonomic stability

All these cases illustrate how far we are from an accurate
view of the species richness of Neotropical mammals. Important-
ly, the taxonomic changes summarized above address less than
40% of the MLM genera present in the Neotropics (Fig. 5). This
suggests a marked Linnean shortfall scenario—the discrepancy
between species already described and the actual number of
existing species (Horta et al. 2015)—is more widespread among
MLM than previously thought. Patterson (2000), between the
publication of the 2" and 3" edition of “Mammal Species of
the World” (Wilson and Reeder 1993, 2005), highlights that
Neotropical mammal species described in those years included
six orders: Chiroptera, Didelphimorphia, Eulipotyphla, Paucitu-
berculata, Primates, and Rodentia. Thus, as in Patterson’s (2000)
own words, “data was contrary to conventional wisdom since
descriptions at that time were not restricted only to bats and ro-
dents”. Nonetheless, most of these orders still refer to small-sized
mammals, and the idea that medium and large-sized mammals
are taxonomically well known remains a popular misperception.

The recent taxonomic changes described herein (Table
1) show that eight orders of medium and large Neotropical
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mammals increased in diversity, especially during the last de-
cade, which certainly falsifies the misperception of taxonomic
stability in MLM. Importantly, these changes are not restricted
to a specific group but seem to represent an overall pattern
among MLM. We could thus expect that many taxa with long-
term taxonomic stability likely reflect a lack of comprehensive
taxonomic studies rather than actual knowledge of their diver-
sity, especially for those with a wide distribution and subspecies
recognized. Unfortunately, despite being now fully recognized
species, the conservation scenario for most of these groups
might be worrisome.

Taxonomy is a conservation issue

Numerous Neotropical MLM species are at some level of
risk of extinction, mostly due to habitat loss, fragmentation, and
overhunting (Ripple et al. 2016, Bogoni et al. 2020). However,
because of their broader distribution, some species may inhabit
somewhat healthy environments in part of their range but not
in others, which leads to a disparity between the global and
local conservation assessments. For instance, several Neotropical
MLM taxa—e.g., Atelocynus microtis (Sclater, 1883), Chrysocyon
brachyurus (Illiger, 1815), Lycalopex vetulus (Lund, 1842), Speothos
venaticus (Lund, 1842), Herpailurus yagouaroundi (Berlandier,
1859), Leopardus geoffroyi (d’Orbigny & Gervais, 1844), Sapajus
cay (Illiger, 1815)—are classified as Vulnerable in Brazil (ICMBio
2018), but only as Near Threatened or Least Concern globally
(IUCN 2021). The recent increase of MLM diversity, in which
most novelties are derived from taxon splits (valid species previ-
ously hidden either as subspecies or under a synonym), clearly
illustrates the risk that lack of taxonomic studies represents for
conservation.

Among the five criteria defined by the IUCN for listing spe-
cies in one of the threatened categories (Critically Endangered,
Endangered, or Vulnerable), taxonomic delimitation of species
has a direct impact on four: geographic range (affecting extent
of occurrence and area of occupancy; criteria A, B, and D; Fig.
6) and population size (criteria A, C, and D). To illustrate, we
highlight recent changes in species delimitation of armadillos
(D. kappleri), cats (L. tigrinus and L. colocola), porcupines (C.
prehensilis), and cottontails (S. brasiliensis) resulting in a drastic
reduction of their range and population size (Figs 7-10). They
were all assumed to have a wide distribution and were long-term
taxonomically accepted, but proved to be species complexes
through recent taxonomic revisions (Feijé and Cordeiro-Estrela
2016, Nascimento and Feij6 2017, Feijo et al. 2018, 2019, Silva et
al. 2019, Menezes et al. 2021, Nascimento et al. 2021). Notably,
these examples are from ecologically distinct groups, living in
distinct South American regions (Figs 7-10). Based on integrative
methods combining evidence from multiple sources, taxono-
mists reshuffle their classification. With the split of these species
complexes, some of these taxa proved to have much smaller
distribution ranges, such as L. colocola, L. munoai, C. prehensilis,
and S. brasiliensis, now restricted to areas with intense habitat
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Figure 6. Log body mass as a function of log range area for Neotropical non-volant terrestrial mammals. Taxonomic studies help define
species limits, which in turn affect species’ geographic range and population size, key criteria defined by the IUCN for assigning species
into a threatened category. Note that a reduced range increases the risk of a species being threatened. Polygons are color-coded by [IUCN
threatened status. Vertical blue line represents a body mass of 1.5 kg. Horizontal red line represents the area of the Neotropical region.
Gray horizontal lines represent one of the IUCN thresholds (extent of occurrence) for classifying species as Vulnerable, Endangered and
Critically Endangered. Note that extent of occurrence as defined by the IUCN is not the same as geographic range but they are correlated.

alteration (Figs 7-10). These cases clearly show how taxonomy
can unveil the urgent conservation needs for some taxa.

It is critical that several MLM should have their [UCN
status reevaluated considering their now much-reduced distri-
bution and local threats. Among the above examples, only the
cottontails had their threatened status updated according to
the new taxonomic arrangement, although not all species have
been evaluated yet (Fig. 10). Recent species checklists have been
calling attention to the need for reassessments of conservation
status, considering most MLM species (some listed herein in Ta-
ble 1) as “Pending [re]evaluation” (Brandao et al. 2019, Quintela
et al. 2020). This is particularly important to establish new con-
servation actions for these recently recognized/validated taxa.

In addition to properly revealing the conservation needs,
taxonomy can also “save” a species from extinction as exem-
plified by two recent cases in South America. After integrative
taxonomic studies, two species of mammals previously con-
sidered endangered—the mouse opossum, Cryptonanus ignitus
(Diaz, Flores & Barquez, 2000) and the Andean hairy armadillo,
Chaetophractus nationi Thomas, 1894—were synonymized to
the Least-Concern species Cryptonanus chacoensis (Tate, 1931)
and Chaetophractus vellerosus (Gray, 1865), respectively (Abba

ZOOLOGIA 39: e22007 | https://doi.org/10.1590/51984-4689.v39.e22007 | July 25, 2022

et al. 2015, Teta and Diaz-Nieto 2019). These findings reveal
how taxonomic revisions are still needed even for those taxa
that are currently considered endangered and rare. Moreover,
with accurate taxonomic definitions, resources can be properly
relocated for species facing higher risk of extinction, and con-
servation actions can be better planned for those populations
at imminent regional extinction.

Moving forward

Species serve as the conceptual linchpin across biological
disciplines (e.g., biogeography, ecology, public health, among
many others), and their widespread application for conserva-
tion practices will certainly remain for a long time. These are
compelling reasons for expanding efforts on systematic studies
of MLM to provide the basic data of how many species of mam-
mals are there and which are in urgent need of conservation
and management efforts. Well-defined species limits should be
seen as a priority in conservation actions, dedicating funds to
taxonomy. Realizing that taxonomy and conservation are not
separate areas but rather a continuum of “knowing to preserve”
framework and that both taxonomists and conservationists
share a common goal of preserving biodiversity are important
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Figures 7-10. Examples of recent taxonomic changes in Neotropical medium and large mammals. For each taxon, maps on the left refer
to distribution by IUCN and on the right refer to current literature (see Table 1). Split of greater long-nosed armadillo (Dasypus kappleri)
into three species (7); of Brazilian porcupine (Coendou prehensilis) into four taxa (8); of pampas cats (Leopardus colocola) into five species
(9), and of tapeti (Sylvilagus brasiliensis) into numerous species (10). Among those examples, the cottontails (Sylvilagus) are the only ones
that had their conservation status reevaluated by the IUCN, leading to the recognition of a new threat scenario. The remaining taxa are all
pending a (re)evaluation (PE). Note the drastic reduction in the geographic range of L. colocola, C. prehensilis, and most species of Sylvilagus.

10/16 ZOOLOGIA 39: €22007 | https://doi.org/10.1590/51984-4689.v39.e22007 | July 25, 2022



LOGIA

%
%" AnInternational Journal for Zoology

Taxonomy as the first step toward conservation

steps. To reconcile the taxonomy and conservation, we suggest
conservation organizations have a taxonomy committee that
can update changes on species classification in a timely fashion.
For example, IUCN Species Survival Commission groups play a
key role in defining species priority which largely affects fund
allocation. However, changes in taxonomy may take years to be
recognized by IUCN, delaying appropriate implementation of
actions. Surely, setting species limits is not an easier endeavor,
and taxonomic dynamism due to distinct concepts and practices
at play is sometimes a matter of debate between taxonomists.
However, with the advance of analytical tools and the use of
integrative methods to recognize species limits, new proposals
tend to be based on multiple evidence and are better supported.
It is therefore critical that taxonomy committees be formed by
taxonomists and systematists that can properly incorporate
new classification proposals. Most importantly, this can foster
closer collaboration between taxonomists and conservationists.

Part of the challenges in conducting taxonomic studies of
MLM is the limited material available, for both morphology and
molecular analyses, and the logistics and bureaucracy to collect
specimens. To help overcome these limitations, alternative ways
to increase MLM museum specimens should be stimulated.
For example, wildlife roadkill monitoring provides important
information on species ecology (Schwartz et al. 2020), and can
also supply valuable material (skin, osteological, DNA samples)
for taxonomic studies. Similarly, specimens apprehended from
illegal traffic can be preserved in museums. MLMs are one of
the main groups affected by both roadkills and illegal traffic, but
unfortunately, their specimen preservation remains an underuti-
lized practice. Therefore, strengthening collaboration between
museums, field biologists, and other government institutions
(e.g., wildlife screening centers, environmental police, protected
areas staff) can increase MLM material in scientific collections
and foster their taxonomic studies.

Our review shows that most of the genera of MLM in
the Neotropics lack comprehensive taxonomic studies. While
we hope this piece will bring more attention to this group, we
also recognize the challenges to conduct proper taxonomic
revisions. Some of the recent studies took nearly a decade to
be concluded (e.g., Nascimento and Feijé 2017, Menezes et al.
2021, Nascimento et al. 2021). On the other hand, habitat loss
continues at a fast pace. Shifting our conservation policies from
a species- to a population-level approach will allow us to prevent
regional extinctions. Funding and stimulus for conservation
programs should thus not be limited to those species with a high
extinction risk but also target populations in high threatened
habitats to avoid regional extinctions. Otherwise, by the time we
understand the actual diversity some of the now unrecognized
species might have already been lost.

Final considerations

The taxonomic impediment is a term claimed during the
Convention on Biological Diversity (CBD) in Rio de Janeiro
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in 1992 as a recognition of i) taxonomic knowledge gaps, ii)
insufficient numbers of trained taxonomists, and iii) lack of
taxonomic infrastructure. Thirty years have passed since the
CBD, and the scenario has not improved sufficiently on these
three issues for most developing countries, as discussed by sev-
eral authors (e.g., Paknia et al. 2015, Colleman and Radulovici
2020, Venera-Pontoén et al. 2020, Raposo et al. 2021). Infrastruc-
ture in several scientific collections remains poor, taxonomic
gaps are yet large, and students interested in taxonomy are
becoming rare. Paradoxically, the need for experts in species
identification, particularly taxonomists, might be as urgent
as never before (Colleman and Radulovici 2020). Advances in
taxonomic knowledge are needed not only for conservation
issues, as discussed here, but it affects several other areas across
biological disciplines. The information summarized here ad-
vocates the perspective that Neotropical MLM might be much
more threatened than previously thought, indicating that this is
certainly a conservation matter, but also a taxonomic issue that
still needs much effort for the MLM, especially considering the
current fast rate of change across the globe. We hope that we
have provided enough evidence to challenge the misperception
of MLM as a taxonomically well-resolved group and this will
incite further studies.
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