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Abstract
The genus Saguinus comprises three principal clades that diverged in the Middle 
to Late Miocene. Their taxa are ecologically differentiated and allopatrically dis-
tributed. These clades were recently recognized as different genera, Saguinus, 
Tamarinus and Oedipomidas. In Tamarinus, the phylogenetic relationships among 
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1   |   INTRODUCTION

The Neotropical family of primates Callitrichidae includes 
marmosets, callimicos, lion tamarins and tamarins, the 
smallest and morphologically most distinct Neotropical 
primates (Hershkovitz, 1977; Rylands & Mittermeier, 2013; 
Rylands et al., 2000). The callitrichids range from Panama 
to southern Brazil (Hershkovitz, 1977), and currently are 
classified in 10 genera: the marmosets: Callithrix Erxleben, 
1777, Mico Lesson, 1840, Cebuella Gray, 1866, and 
Callibella van Roosmalen & van Roosmalen, 2003; callim-
icos: Callimico Miranda-Ribeiro, 1911; the lion tamarins: 
Leontopithecus Lesson, 1840; and the tamarins: Saguinus 
Hoffmannsegg, 1807, Leontocebus Wagner, 1839, (Buckner 
et al., 2015; Rylands et al., 2000, 2016; van Roosmalen & 
van Roosmalen, 2003). In mid-2022 Brcko et al. (2022) 
proposed Tamarinus Trouessart, 1904 and Oedipomidas 
Reichenbach, 1862 as genera for the western Amazonian 
and trans-Andean Saguinus species, respectively.

Historically, the taxonomy of Callitrichidae was ad-
dressed in Hershkovitz's  (1977) extensive monography. 
For tamarins of the genus Saguinus, Hershkovitz (1977) 
proposed an intra-generic classification based on mor-
phology, coat colour and geographic distribution, and 
divided Saguinus into three sections and six species 
groups:

Section: Hairy-faced tamarins:
The White-mouthed tamarins or Saguinus nigri-

collis group – Saguinus nigricollis and Saguinus fuscicollis 
species and subspecies.

The Moustached tamarins or Saguinus mystax 
group –  Saguinus mystax mystax (Spix, 1823), Saguinus 
mystax pileatus (I. Geoffroy Saint-Hilaire & Deville, 1848), 
Saguinus mystax pluto (Lönnberg, 1926), Saguinus labia-
tus labiatus (É. Geoffroy Saint-Hilaire, 1812), Saguinus 
labiatus thomasi (Goeldi, 1907), Saguinus imperator im-
perator (Goeldi, 1907).

The Midas tamarins or Saguinus midas group – 
Saguinus midas midas (Linnaeus, 1758), Saguinus midas 
niger (É. Geoffroy Saint-Hilaire, 1803).

Section: Mottle-faced section:
The Saguinus inustus group –  Saguinus inustus 

(Schwarz, 1951).
Section: Bare-faced tamarins:
The Brazilian bare-face tamarins or Saguinus 

bicolor group –  Saguinus bicolor bicolor (Spix, 1823), 
Saguinus bicolor martinsi (Thomas, 1912), Saguinus bi-
color ochraceus Hershkovitz, 1966.

The Colombian and Panamanian bare-face tam-
arins or Saguinus oedipus group –  Saguinus oedipus 
oedipus (Linnaeus, 1758), Saguinus oedipus geoffroyi 
(Pucheran, 1845), Saguinus leucopus (Gunther, 1877).
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species/subspecies are poorly understood. Thus, in this study we present a com-
prehensive dated genomic phylogeny based on double digest restriction associated 
DNA for all known species and subspecies of Tamarinus. We also tested whether 
that Tamarinus imperator and Tamarinus subgrisescens are different species, as 
morphology-based taxonomy, phenotypical divergences and mitochondrial genes 
recognized them as two different species. Additionally, we reconstructed time-
calibrated phylogenetics tree hypotheses of all extant species and subspecies of the 
genera Saguinus, Tamarinus and Oedipomidas. Our analysis robustly supported 
the phylogenetic hypothesis of all species/subspecies of the genus Tamarinus; 
strongly supported a divergence between the three clades, Saguinus, Oedipomidas 
and Tamarinus; and provided support for T. imperator and T. subgrisescens as dis-
tinct species. Therefore, we reiterate and ratify the division of Saguinus into three 
genera, supporting the taxonomic proposal for these genera.

K E Y W O R D S

Divergence times, Genera, Neotropical Primates, Phylogeny

 14636409, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/zsc.12617 by Institut Pasteur, W

iley O
nline L

ibrary on [30/06/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



      |  3LOPES et al.

The molecular phylogenetic studies using mitochon-
drial sequences: (Cyt-b and D-Loop) (Cropp et al.,  1999; 
Jacobs et al., 1995), ND1 (Tagliaro et al., 2005), 16S (Araripe 
et al., 2008), Cyt-b and HVI (Matauschek et al., 2011); nu-
clear sequences: β-2-microglobulin (Canavez et al., 1999), 
ALU insertions (da Cunha et al., 2011); proteins (Meireles 
et al.,  1997); and combined nuclear and mitochondrial 
DNA (Buckner et al., 2015; Perelman et al., 2011) has re-
covered two major clades, which corresponding to the 
Saguinus nigricollis group (small-bodied tamarins), and all 
other Saguinus groups (large-bodied tamarins).

The phylogenetic analyses and divergence time at 9.1 
ma (95% HDP 7.1–11.6 ma), allied to the differences in 
morphology, behaviour, ecology and biogeography, sug-
gested the division of the genus Saguinus in two, with 
the name Leontocebus Wagner, 1839 for Saguinus nigri-
collis group (Buckner et al., 2015). Subsequently, Rylands 
et al. (2016), in their taxonomic review of tamarins, rein-
forced the differences between small-bodied tamarins and 
large-bodied tamarins, and supported the division into 
two genera, Leontocebus and Saguinus.

For genus Saguinus sensu Buckner et al. (2015), some 
studies also consistently recovered the Saguinus bi-
color + S. midas, Saguinus mystax + S. inustus and Saguinus 
oedipus groups (Athaydes et al., 2021; Brcko et al., 2022; 
Buckner et al., 2015). However, only Brcko et al.  (2022) 
proposed to classify the Saguinus bicolor + midas, 
Saguinus mystax+inustus and Saguinus oedipus groups 
as the genera Saguinus Hoffmannsegg, 1807, Tamarinus 
Trouessart, 1904 and Oedipomidas Reichenbach, 1862, re-
spectively. Brcko et al. (2022) based their proposal on the 
robustly supported phylogeny, divergence time, and the 
morphological and ecological divergence and geographic 
distribution of these groups (Figure 1).

Within the genera Saguinus and Oedipomidas, there 
were taxonomic revisions for some species. Saguinus 
midas niger (É. Geoffroy Saint-Hilaire, 1803) was elevated 
to full species, S. niger (É. Geoffroy Saint-Hilaire, 1803), 
based on analyses of morphological and molecular data 
(Natori & Hanihara, 1992; Rylands & Mittermeier, 2009; 
Vallinoto et al.,  2006). Molecular phylogenies also indi-
cated that the S. niger population on the right bank of the 
Tocantins River was a distinct taxon (Tagliaro et al., 2005; 
Vallinoto et al., 2006). Thus, based on these studies and on 
craniometric and phenetic data, this population was reval-
idated as a full species, Saguinus ursulus Hoffmannsegg, 
1807, previously considered a synonym of S. niger by 
Hershkovitz  (1977) (Gregorin & Vivo,  2013). Unlike 
Hershkovitz  (1977), Groves  (2001) considered S. bicolor 
(Spix, 1823) a full species and reclassified S. bicolor ochra-
ceus and S. bicolor martinsi as S. martinsi (Thomas, 1912), 
with two subspecies, S. m. martinsi (Thomas, 1912) and 
S. m. ochraceus Hershkovitz, 1966.

Comparative morphological studies also resulted in 
the recognition of O. oedipus (Linnaeus, 1758) and O. geof-
froyi (Pucheran, 1845) as a separate species (Hanihara 
& Natori,  1987; Kanazawa & Rosenberger,  1988; Moore 
& Cheverud, 1992; Rylands, 1993; Skinner, 1991). These 
findings were confirmed by subsequent molecular phy-
logenies (Araripe et al., 2008; Brcko et al., 2022; Buckner 
et al., 2015; Perelman et al., 2011; Ruiz-García et al., 2014).

For genus Tamarinus, Lopes et al. (2023) recently pub-
lished a taxonomic revision of the Tamarinus mystax, the 
authors described a new species from the Juruá-Tefé inter-
fluvia, while Hrbek et al. (T. Hrbek, G. P. Lopes, F. Bertuol, 
F. Rohe, F. E. Silva, R. Gregorin, I. P. Farias, L. Portela, un-
published data) revised the taxonomy of the Tamarinus 
labiatus species, finding support for Tamarinus thomasi 
(Goeldi, 1907), but no support for a species-level diver-
gence of T. labiatus labiatus and T. labiatus rufiventer. 
This supports the taxonomy of Hershkovitz  (1977) who 
recognized only Tamarinus labiatus albeit showing clinal 
phenotypic variation across a north–south gradient, 
while Groves  (2001) revalidated the subspecies T. labia-
tus rufiventer (Gray, 1843) for individuals in the north-
ern portion of the distribution of Tamarinus labiatus. 
Recently, the taxonomic status of Tamarinus imperator 
(Goeldi, 1907) was evaluated (Gregorin et al., 2023). This 
species has two subspecies, Tamarinus imperator imper-
ator (Goeldi, 1907), and Tamarinus imperator subgris-
escens (Lönnberg, 1940). This evaluation was based on 
phenotypical divergences, craniometric data and mito-
chondrial DNA, leading to rise of the two subspecies to 
species level. Although a substantial number of samples 
were used for phenotypical divergences and craniometric 
data, only three specimens were used for genetic analysis, 
using a uniparental molecular marker only. Thus, the use 
of double digestion restriction associated DNA (ddRAD) 
data to conduct coalescent-based tests of taxonomic hy-
potheses for these species can be prolific (Fujita et al., 
2012), as it is an adaptable inexpensive technique which 
do not require a reference genome. Currently seven spe-
cies of the genus Tamarinus are recognized. Tamarinus 
thomasi and T. inustus occur west of the Negro and north 
of the Solimões/Amazonas rivers, while the remain-
ing species occur west of the Madeira and south of the 
Solimões/Amazonas rivers (Figure  2). Therefore, rivers 
delimit the ranges of all taxa.

Despite all phylogenetic and taxonomic information 
presented above, the phylogenetic relationships of species 
of genus Tamarinus are poorly known due to a lack of 
samples, since no study has complete taxonomic sampling 
of all recognized species and subspecies. In this study, we 
conducted a time-calibrated species tree test of all extant 
species and subspecies of the genera Saguinus, Tamarinus 
and Oedipomidas using the ddRAD sequence data. We also 
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discussed the recent proposal of Brcko et al. (2022) to clas-
sify the Saguinus bicolor + midas, Saguinus mystax+inus-
tus and Saguinus oedipus groups as the genera Saguinus 
Hoffmannsegg, 1807, Tamarinus Trouessart,  1904 and 
Oedipomidas Reichenbach, 1862, respectively.

2   |   MATERIALS AND METHODS

2.1  |  Collection of ddRAD data

We extracted DNA from tissues deposited at Instituto 
Nacional de Pesquisas da Amazônia (INPA), Manaus, 
Brazil, Instituto de Desenvolvimento Sustentável 
Mamirauá (IDSM), Tefé, Brazil, Universidade Federal 
do Amazonas (UFAM), Manaus, Brazil, Instituto de 
Pesquisas Científicas e Tecnológicas do Estado de 
Amapá (IEPA), Macapá, Brazil, Association KWATA, 
Cayenne, French Guiana, The Field Museum of Natural 
History (FMNH), Chicado, United States of America, 
and Pontificia Universidad Javeriana, Bogotá, Colombia. 
We obtained tissue samples from 46 specimens of the 
genus Tamarinus, 26 specimens of genus Saguinus, six 

specimens of genus Oedipomidas, and 10 specimens of 
Leontocebus (outgroup) (Table S1).

We performed a partial representational genome se-
quencing using the SdaI and Csp6I restriction enzymes 
(ThermoFisher), through the double-digest RAD se-
quencing protocol (ddRAD) (Peterson et al., 2012), mod-
ified and optimized for the IonTorrent PGM (Boubli 
et al.,  2018; see: https://github.com/legal​Lab/proto​cols-
scripts), and selected fragments in the range of 320–400 bp 
using PippinPrep (Sage Science) Samples were sequenced 
on the IonTorrent PGM using the manufacturer's recom-
mended protocol. We generated data for the 88 specimens 
of tamarins (Table  S1). These specimens represented all 
known species and subspecies of the ingroup. These spec-
imens were also sampled across the known geographic 
distribution of the taxa.

Sequencing reads were processed using the pyRAD 
pipeline (Eaton,  2014), as follows: During the de novo 
assembly, we used a minimum coverage of 6× per locus, 
assembling all fragments in the 300–400 bp range. 
Nucleotides with PHRED scores <30 were excluded, and 
loci with more than six low-quality nucleotides were ex-
cluded. Following demultiplexing and extraction of loci 

F I G U R E  1   The geographical distributions of tamarins of genus Tamarinus (brown), Oedipomidas (red), and Saguinus (wine).
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using the above criteria, we proceeded with the clus-
tering of alleles within loci, and of loci across individ-
uals, and the generation of the dataset for analyses. The 
minimum similarity to allow the union of reads in the 
same cluster was 88%, and the minimum individual cov-
erage for a cluster to be accepted as valid was 26 reads. 
We subsequently filtered the clusters, excluding all loci 
with more than 50% heterozygotes –  likely paralogues. 
The resulting dataset contained 512 loci and 180,043 
nucleotides.

We also processed our raw reads using DiscoSnp-
RAD (Gauthier et al.,  2020), which uses De Bruijn 
graphs to circumvent the need for clustering of reads, 
reducing data loss due to low coverage within individ-
uals. We extracted single nucleotide polymorphisms 
(SNPs) from our reads using a minimum read depth of 
5. Furthermore, we filtered these loci on rank (Gauthier 
et al., 2020), retaining those SNPs with rank >0.9—a sta-
tistic incorporating the discriminant power as function 
of read coverage of each SNP—and those that were pres-
ent in at least 90% of the samples, that is, no more than 
nine individuals had missing data at any particular SNP 

locus. The resulting variant call file (VCF) was filtered 
to retain one SNP per RAD locus resulting in a 95.87% 
complete matrix comprising 13,242 loci. Using the same 
filtering procedure, we also generated a VCF file con-
taining individuals of Tamarinus imperator, Tamarinus 
subgrisescens and Tamarinus inustus, which resulted in 
6522 loci and 100% complete.

2.2  |  Species hypotheses tests

2.2.1  |  Tests of taxonomic hypotheses for 
Tamarinus imperator

We carried out a path sampling analysis in BEAST2 
(Bouckaert et al., 2014) testing competing taxonomic hy-
potheses derived from current taxonomy. The potential 
taxa whose taxonomic status was tested were Tamarinus 
imperator imperator and Tamarinus imperator subgris-
escens. The taxonomic hypotheses were: (1) one spe-
cies –  (T. imperator); (2) two species –  (T. imperator and 
T. subgrisescens). Marginal probabilities of the competing 

F I G U R E  2   Distribution of species/subspecies of the genus Tamarinus. Black circles represent localities of the genetic samples. Polygons 
modified from IUCN and Sampaio et al. (2018).
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taxonomic hypotheses were then compared by Bayes fac-
tors (Kass & Raftery, 1995).

2.3  |  Phylogenetic analyses

We estimated a species tree phylogeny using SVDquartets 
(Chifman & Kubatko,  2014) implemented in PAUP 
(Swofford, 2002) and the STARBEAST2 package of BEAST 
v2.6 (Ogilvie et al., 2017). We opted to use both methods 
because they are fully coalescent methods for species tree 
phylogenetic reconstruction, and they have slightly differ-
ent premises and use data in a different form (SNPs vs. 
sequences). For both analyses, we inferred phylogenetic 
relationships of all valid species and subspecies.

The SVDquartets method infers quartets based on 
summaries of SNPs in a concatenated sequence matrix 
using a full coalescent model (Chifman & Kubatko, 2014). 
We assessed the robustness of the species tree topology 
using 1000 bootstrap replicates. For species tree analyses 
in STARBEAST2, we first ran PartitionFinder2 (Lanfear 
et al., 2017) on our genomic alignment to select an opti-
mal number of partitions and their respective models of 
molecular evolution, grouping the 512 ddRAD loci into 
140 partitions. We analysed these data in BEAST v2.6 
(Bouckaert et al., 2014), implementing the Yule tree prior, 
generating 108 topologies, sampling every 104th topology 
and discarding the first 15% topologies as burn-in after 
verifying stationarity in Tracer v1.7 (Rambaut et al., 2018). 
Topologies were visualized in DensiTree (Bouckaert 
et al.,  2014), and a final maximum clade credibility tree 
was generated using TreeAnnotator v1.6.2 (Rambaut & 
Drummond, 2015) after discarding 15% burn-in. The max-
imum clade credibility tree and divergence times were 
calibrated using the age of the root of the phylogeny at 
8.42 (5.72–11.31), from soft calibration prior derived from 
Perelman et al. (2011). Divergence times tree was visual-
ized and edited in FigTree v1.3 (Rambaut, 2010).

3   |   RESULTS

3.1  |  Test of phylogenetic hypotheses for 
Tamarinus imperator

The marginal likelihood of the one-species hypothesis 
was –82298.756 while the two-species hypothesis was 
–81374.587, resulting in a Bayes Factor of 1848.338. 
Bayes Factors >10 are considered decisive (Kass & 
Raftery, 1995), and therefore there is decisive support for 
the existence of two species: Tamarinus imperator and 
Tamarinus subgrisescens. This inference is supported by 
diagnostic phenotypic differences between the two species 

(Gregorin et al.,  2023; Figures  S1 and S2) and disjunct 
distribution (Figure 2). Synonyms, diagnostic characters, 
type locality, and geographic distribution for two species 
are in Appendix S1.

3.2  |  Phylogenetics inferences

Our phylogenetic reconstructions were robustly supported. 
The topologies of the SVDQ and STARBEAST2 species 
tree analyses are identical except for the phylogenetic 
position of Tamarinus thomasi (Figures 3–5). In the SVDQ 
phylogeny Tamarinus thomasi is sister to Tamarinus 
labiatus (Figure 3), while in the STARBEAST2 phylogeny 
it is sister to Tamarinus inustus (Figures 4 and 5). In both 
analyses we recovered strong support for the monophyly 
of the genera Leontocebus, Oedipomidas, Saguinus and 
Tamarinus. Using the 8.42 ma (HPD = 5.72–11.38 ma) 
divergence of Leontocebus and all other tamarins reported 
in Perelman et al.  (2011), we estimated the divergence 
of Tamarinus and Oedipomidas/Saguinus at 7.21 ma 
(HPD = 4.88–9.85 ma; Figure 5), and of Oedipomidas and 
Saguinus at 5.35 ma (HPD = 2.99–7.41 ma; Figure 5).

4   |   DISCUSSION

Here, we use the ddRAD data set to generate the most 
complete phylogeny of the genus Tamarinus, including 
all subspecies and, a recently described species. Likely it is 
also the first study to assess the evolutionary history of the 
Tamarinus. Furthermore, this is the first study to include 
all species of the genera Oedipomidas and Saguinus. 
Although the taxonomy and systematics of the genera 
Tamarinus, Oedipomidas and Saguinus have been the 
subject of discussion since Hershkovitz's  (1977) seminal 
study, the taxonomy of Tamarinus remained virtually 
unchanged, thus, we provide the first comprehensive 
phylogeny for genus Tamarinus throughout an extensive 
molecular analysis.

4.1  |  Tamarinus imperator and 
Tamarinus subgrisescens

Our analyses confirm the existence of two species 
of Tamarinus previously subsumed under the spe-
cific epithet of Tamarinus imperator, as did Gregorin 
et al.  (2023). Not only is there decisive support for 
the two species T. imperator and T. subgrisescens, 
but these species are also estimated to have diverged 
1.64 ma. The time of this divergence is greater than all 
other sister species divergences observed in the genera 
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Tamarinus, Saguinus and Oedipomidas. Tamarinus 
imperator and T. subgrisescens also exhibit markedly 
different phenotypes and have non-overlapping geo-
graphic distributions. Despite the distinct phenotypes 
of the two species, T. imperator was considered a sin-
gle species with great individual and ontogenetic vari-
ation (Hershkovitz,  1977). Hershkovitz  (1977) based 
his taxonomy mostly on specimens of T. subgrisescens. 
Thus, after analysing other specimens of T. imperator, 
Hershkovitz (1979) realized that the phenotypes were 

different and that they were two subspecies. Recent 
phylogenetics studies could not clarify the taxonomy 
of these species as only T. subgrisescens were ana-
lysed (Athaydes et al., 2021; Brcko et al., 2022). Only 
Araripe et al.  (2008) enclosed both species in their 
study, and two significant lineages were found, sug-
gesting the existence of two species. Furthermore, the 
most recent phylogenetics studies could not clarify 
the taxonomy of these species (Athaydes et al., 2021; 
Brcko et al., 2022).

F I G U R E  3   SVDQuartet phylogeny 
of genus Oedipomidas, Saguinus and 
Tamarinus. Black dots on major clades 
indicate supported clades by a 100% 
bootstrap value, sensu Hillis & Bull 
(1993).
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4.2  |  Tamarinus inustus

We confirmed that T. inustus is a member of the genus 
Tamarinus. While Hershkovitz (1977) considered T. in-
ustus an enigma due to its unclear relationship to other 
tamarins and proposed a separate species group to ac-
commodate it, molecular and morphological phylogenies 
as well as dental morphology have supported its close, 
although often unresolved phylogenetic relationship 

to another member of the genus Tamarinus (Athaydes 
et al.,  2021; Boubli et al.,  2015; Brcko et al.,  2022; 
Buckner et al.,  2015; Cropp et al.,  1999; Natori & 
Hanihara, 1992). In our analyses we find two alternates, 
albeit strongly supported phylogenetic relationships. In 
the STARBEAST2 analysis, T. inustus is sister to T. thom-
asi (Figures 4 and 5). In the SVDquartets analysis, T. in-
ustus is sister to the clade formed by T. thomasi and T. 
labiatus (Figure 3).

F I G U R E  4   DensiTree and coat 
colour of three species of genus 
Leontocebus (outgroup), and all species/
subspecies of genera Oedipomidas, 
Saguinus and Tamarinus.

F I G U R E  5   Bayesian phylogenetic 
time species tree of tamarins of the genera 
Leontocebus (outgroup) Tamarinus, 
Oedipomidas and Saguinus. Numbers in 
nodes correspond to time in millions of 
years and error bars represent 95% HPD 
intervals. Divergences represented by 
orange error bars were used as calibration 
points. Bayesian posterior probabilities 
are all equal to 1. See Table S1 for all 
specimens used in this phylogenetic 
analysis.
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      |  9LOPES et al.

Both phylogenetic relationships are plausible, and 
potentially reflect a complex history of divergence of 
T. thomasi. Since T. thomasi is phenetically similar to 
T. labiatus, the sister taxon relationship of T. inustus and 
T. thomasi+T. labiatus as inferred in SVDquartets would 
appear non-controversial. Tamarinus thomasi is, how-
ever, separated by over 300 km and the Amazon River 
from T. labiatus, but its distribution is parapatric to that 
of T. inustus. This parapatry might have permitted hy-
bridization between T. thomasi and T. inustus indicated at 
sister taxon relationship recovered in the STARBEAST2 
analysis. While the raw genomic data for both analyses is 
identical, extraction of SNPs in DiscoSnp-RAD (Gauthier 
et al., 2020) and sequences in pyRAD (Eaton, 2014) results 
in slightly different final datasets. Similarly, while both 
SVDquartets and STARBEAST2 analyses are both fully co-
alescent analyses, they may recover alternate evolutionary 
histories (Collins & Hrbek, 2018).

4.3  |  Phylogeny of tamarins

Our phylogenetic analyses recover high clade support for 
all species, and for relationships between species. The 
divergence of Tamarinus, Oedipomidas, Saguinus, and 
Leontocebus occurred in the Middle to Late Miocene. 
The timing of this diversification coincides with the 
diversification of other primate groups such as Sapajus, 
Cebus, Cheracebus and Plecturocebus (Byrne et al., 2016; 
Lima et al., 2018; Lynch Alfaro et al., 2012a; Ruiz-García 
et al.,  2016, 2018), which may indicate geological or 
climatic events that may have similarly affected different 
groups.

4.4  |  One genus or three? Assessing 
whether large-bodied tamarins should be 
divided into three genera

Although there are taxonomic proposals for defining 
supraspecific categories (Avise & Johns,  1999; 
Dubois,  1988a, 1988b; Schaefer,  1976), genera generally 
represent a consensual classification among taxonomists, 
as the use of these categories is relevant not only because 
it reflects phylogenetic relationships (de Queiroz,  1988; 
Dubois,  1988a, 1988b), but are also relevant in 
communicating, estimating, evaluating, investigating 
patterns and processes, and retrieving information 
on biodiversity (Barraclough,  2010; Clayton,  1972; 
Dubois, 1988b; Nee et al., 1994; Simpson, 1961). Within 
a zoological concept, a genus would be a well-defined 
and well-supported monophyletic group of closely related 
species that share several characters, with morphological, 

behavioural, and ecological diagnoses (Dubois,  1988a, 
1988b; Dubois & Raffaëlli, 2009).

Some authors have even discussed what a genus 
means and have proposed some criteria to recognize 
and delimit genera (Allmon,  1992; Cain,  1956, 1958; 
Dubois,  1982, 1988a, 1988b; Garbino,  2015, 2015b; 
Garbino et al., 2019; Goodman et al., 1998; Groves, 2001, 
2004; Hennig,  1966; Inger,  1958; Isler et al.,  2013; 
Mayr,  1943, 1950, 1969; Michener, 1957; Simpson,  1945, 
1961; Vences et al.,  2013). One of the few widely ac-
cepted criteria for delimiting a genus is that the genus in 
question be monophyletic (Dubois, 1982; Garbino, 2015; 
Groves,  2001, 2004; Hennig,  1966; Isler et al.,  2013; 
Mayr, 1969; Vences et al., 2013), the other criteria would 
be divergence time, phylogenetic gaps, and adaptive zone 
(Avise & Johns,  1999; de Queiroz,  1994; Groves,  2001, 
2004; Groves & Grubb,  2011; Hennig,  1966; Mayr,  1950, 
1969; Simpson,  1944, 1953; Vences et al.,  2013; Wood & 
Collard, 1999). The adoption of these criteria was to make 
the delimitation of genres objective (Groves, 2001, 2004; 
Groves & Grubb,  2011). However, there are several crit-
icisms of applying these criteria in isolation, as some of 
them are not comparable across animal genera (Avise 
& Mitchell,  2007; Garbino,  2015; Talavera et al.,  2013; 
van Valen, 1973). Thus, using multiple lines of evidence 
makes genus delimitation more robust (Garbino,  2015; 
Lynch Alfaro et al., 2012b).

There are several arguments against changes in the 
number of Neotropical primates genera (Garbino,  2015; 
Rosenberger, 2012, 2020; Ruiz-García et al., 2012, 2016), and 
to the callitrichids species in particular (Garbino, 2015b; 
Garbino et al.,  2019; Garbino & Martins-Junior,  2018). 
The arguments are largely based on the convenience of 
taxonomic stability (Garbino & Martins-Junior,  2018). 
Garbino  (2015) and Garbino and Martins-Junior  (2018) 
proposed the use of subgenera to avoid change and max-
imize taxonomic stability. However, stable classifica-
tions are not the goal of phylogenetic systematics (Baird 
et al., 2022; Dominguez & Wheeler, 1997; Gaffney, 1979; 
Grant & Kluge, 2005; Isler et al., 2013; Kluge, 1989; Padial 
& De la Riva,  2006) and taxonomy must be constantly 
updated in the face of new data (Baird et al., 2022; Baker 
et al., 2021; Dominguez & Wheeler, 1997; Isler et al., 2013; 
Padial & De la Riva, 2006; Tello et al., 2014).

Although the divergence times in primates have been 
used as a criterion for determining divisions into separate 
genera (Goodman et al.,  1998; Groves,  2001), divergence 
time alone is insufficient and a phylogenetic approach, 
and must be associated with morphological, behavioural 
and ecological characteristics for the reclassification of any 
group (Byrne et al., 2016; Dubois, 1982; Garbino, 2015; Isler 
et al.,  2013; Lynch Alfaro, Silva-Júnior, & Rylands,  2012; 
Matauschek, 2010; Rylands et al., 2016). In this sense, we 
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support the division of the genus Saguinus into three gen-
era as proposed by Brcko et al. (2022). In addition to the di-
vergence found here in relation to the genera Saguinus and 
Oedipomidas, the genus Tamarinus is also differentiated by 
phenotypic distinctiveness, morphology, and behavioural 
characters (Brcko et al.,  2022; Garbino & Martins-
Junior, 2018; Hershkovitz, 1977; Natori, 1988). The phyloge-
netic relationships found here for Tamarinus, Oedipomidas 
and Saguinus are also supported by phylogenetic signal 
based on morphology and behavioural characters (Garbino 
& Martins-Junior,  2018; Snowdon,  1993; Wittiger,  2002). 
This shows the consistency of these data in reflecting the 
molecular phylogeny of the three genera and reinforces the 
synapomorphies of each of these genera. Furthermore, the 
patterns found in cranial and dental morphology suggest 
a reorganization during the diversification of three genera 
(Ackermann & Cheverud,  2000, 2002). These genera are 
also geographically disjoint, which reinforces their dis-
tinct radiations and ecological differences (Dubois,  1982, 
1988a, 1988b; Garber,  1993; Lemen & Freeman,  1984; 
Simpson,  1944, 1953; Wood & Collard,  1999). Contents, 
diagnostic characters, and geographic distribution of these 
genera are in Appendix S1.

The taxonomic proposal of three genera reflects the 
relatively old divergence comparable to the divergence of 
other genera of Neotropical primates, and the phenotypic, 
morphological, and behavioural discontinuities among 
the species of the different genera. This taxonomic pro-
posal clearly conveys this information. Other taxonomic 
scenarios such as species groups are informal and non-
standard classification schemes, while subgenera are 
even more polemic and arbitrary taxonomic categories, 
and do not appear in the species name (Dubois,  1988a, 
1988b; Garbino, 2015b; Garbino & Martins-Junior, 2018). 
Finally, the current taxonomic proposal requires no no-
menclatural novelty, since the genus names Tamarinus 
and Oedipomidas are available, were used on previous 
occasions and are non-controversial with respect to spe-
cies membership (Cabrera,  1957; Elliot,  1913; Garbino 
& Martins-Junior,  2018; Hershkovitz,  1949; Hill,  1957; 
Pocock,  1917; Reichenbach,  1862; Rylands et al.,  2016; 
Thomas, 1922; Trouessart, 1904).

5   |   CONCLUSION

The taxonomy of the Tamarinus has remained practically 
the same since the seminal review of Hershkovitz (1977, 
1979). Here, we provide the first complete phylogeny for 
the genus Tamarinus, with clarification of the phylogenetic 
relationships of all species in this genus. In addition, we 
also support the species-level division between Tamarinus 
imperator and Tamarinus subgrisescens based on robust 

genomic evidence. Here, we use all species and subspecies 
of the genera Saguinus, Oedipomidas and Tamarinus to 
generate the first complete phylogeny using ddRAD for 
these three callitrichid genera, assessing the phylogenetic 
relationships of all species and subspecies in these genera. 
Therefore, we reiterate and ratify the division of Saguinus 
into three genera, which supports the taxonomic proposal 
for these three genera.

ACKNO​WLE​DGE​MENTS
We thank the many institutions that provided tissue 
loans for this research: the Instituto de Desenvolvimento 
Sustentável Mamirauá; the Instituto Nacional de 
Pesquisas da Amazônia, and the Universidade Federal 
do Amazonas; the Instituto de Pesquisas Científicas e 
Tecnológicas do Estado de Amapá (IEPA); the Association 
KWATA and The Field Museum of Natural History 
(FMNH), and the Pontificia Universidad Javeriana. GPL, 
IVL, JV, TCMS and FE thank the Ministério da Ciência, 
Tecnologia e Inovação (financial support to Instituto de 
Desenvolvimento Sustentável Mamirauá); the Gordon 
and Betty Moore Foundation (Grant Agreement to the 
Instituto de Desenvolvimento Sustentável Mamirauá 
#5344); the Fundação de Amparo à Pesquisa do Estado 
do Amazonas (Grant to the Instituto de Desenvolvimento 
Sustentável Mamirauá –  FAPEAM PPP 016/2014). 
GPL thanks FAPEAM for a PhD fellowship (Grant 
062.00121/2019); FR thank the Conselho Nacional de 
Desenvolvimento Científico e Tecnológico for a PhD 
fellowship (CNPq Grant 141555/2017-3). FES has re-
ceived funding from European Union's Horizon 2020 
research and innovation programe under the Marie 
Sklodowska-Curie grant agreement N° 801505. FES 
also received funds from the Brazilian National Council 
for Scientific and Technological Development (CNPq) 
(Process 303286/​2014-8, 303579/2014-5, 200502/2015-8, 
302140/2020-4, 300365/2021-7, 301407/2021-5, 301925/​
2021-6); International Primatological Society (conservation 
grant); The Rufford Foudation (14861-1, 23117-2, 38786-
B), the Margot Marsh Biodiversity Foundation (SMA-
CCO-G0023, SMA-CGOG0037), Primate Conservation 
Inc. (#1713 and #1689). We are also grateful to the coor-
dinators of the projects that provided samples important 
for the success of this study (GEOMA/Madeira-Purus 
– Mario Cohn-Haft); to the Secretaria de Meio Ambiente 
e Desenvolvimento Sustentável do Estado do Amazonas, 
Programa de Monitoramento da Biodiversidade e do 
Uso de Recursos Naturais em Unidades de Conservação 
Estaduais do Amazonas (ProBUC); and to the Wildlife 
Conservation Society (WCS/Brasil). Part of this study 
was a partnership between the local office of the Chico 
Mendes Institute for Biodiversity Conservation (ICMBio) 
based in Tefé and the Instituto de Desenvolvimento 

 14636409, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/zsc.12617 by Institut Pasteur, W

iley O
nline L

ibrary on [30/06/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



      |  11LOPES et al.

Sustentável Mamirauá. We thank all the people from 
the interior of Amazonia who helped in the field expedi-
tions. We thank Lucas Lauretto for his suggestions and 
English revision. Molecular analyses and field expedi-
tions were in part funded by CNPq/FAPEAM SISBIOTA 
Program (No. 563348/2010-0) and CAPES (Projeto Pró-
Amazonia –  “Espécies de Primatas Filogeograficamente 
Negligenciadas” –  Grant 3261/2013) to IPF. Data col-
lection was conducted under permits 42111-1, 42111-2, 
42111-4, 42111-5, 59325-1, 59325-2, issued by the Instituto 
Chico Mendes de Conservação da Biodiversidade 
(ICMBio/Brazil). We thank Dr. Anthony Rylands for valu-
able comments on an early version of this manuscript. We 
would also like to express our gratitude to the anonymous 
reviewers for their valuable comments and constructive 
criticisms, which significantly enhanced the quality of 
our article.

ORCID
Gerson Paulino Lopes   https://orcid.
org/0000-0001-8972-8775 
Fabrício Bertuol   https://orcid.org/0000-0001-6431-6950 
João Valsecchi   https://orcid.org/0000-0002-9138-0381 
Tamily Carvalho Melo Santos   https://orcid.
org/0000-0001-7073-8674 
Felipe Ennes Silva   https://orcid.
org/0000-0002-1315-0847 
Ricardo Sampaio   https://orcid.
org/0000-0002-7780-3341 
Claudia Regina Silva   https://orcid.
org/0000-0002-3280-0235 
Jean Boubli   https://orcid.org/0000-0002-5833-9264 
Rodrigo Costa-Araújo   https://orcid.
org/0000-0002-6092-4892 
Benoît de Thoisy   https://orcid.
org/0000-0002-8420-5112 
Manuel Ruiz-García   https://orcid.
org/0000-0003-2820-2950 
Marcelo Gordo   https://orcid.org/0000-0001-5230-9091 
Iracilda Sampaio   https://orcid.
org/0000-0002-2137-4656 
Izeni Pires Farias   https://orcid.
org/0000-0002-1416-4351 
Tomas Hrbek   https://orcid.org/0000-0003-3239-7068 

REFERENCES
Ackermann, R. G., & Cheverud, J. M. (2000). Phenotypic cova-

riance structure in tamarins (genus Saguinus): A compari-
son of variation patterns using matrix correlation and com-
mon principal component analysis. American Journal of 
Physical Anthropology, 111, 489–501. https://doi.org/10.1002/
(SICI)1096-8644(20000​4)111:4<489::AID-AJPA5​>3.​0.​CO;2-U

Ackermann, R. R., & Cheverud, J. M. (2002). Discerning evolutionary 
processes in patterns of tamarin (genus Saguinus) craniofacial 

variation. American Journal of Physical Anthropology, 117, 260–
271. https://doi.org/10.1002/ajpa.10038

Allmon, W. D. (1992). Genera in paleontology: Definition and signif-
icance. Historical Biology, 6, 149–158. https://doi.org/10.1080/​
10292​38920​9380424

Araripe, J., Tagliaro, C. H., Rego, P. S., Sampaio, I., Ferrari, S. F., & 
Schneider, H. (2008). Molecular phylogenetics of large-bodied 
tamarins, Saguinus spp. (Primates, Platyrrhini). Zoologica 
Scripta, 237, 461–467. https://doi.org/10.1111/​j.1463-6409.​2008.​
00343.x

Athaydes, D., Dias, C. A. R., Gregorin, R., & Perini, F. A. (2021). 
Evolution and biogeographic history of the Saguinus my-
stax group (Primates, Callithrichidae). American Journal of 
Primatology, 83, e23226. https://doi.org/10.1002/ajp.23226

Avise, J. C., & Johns, G. C. (1999). Proposal for a standardized tem-
poral scheme of biological classification for extant species. 
Proceedings of the National Academy of Sciences, 96, 7358–7363. 
https://doi.org/10.1073/pnas.96.13.7358

Avise, J. C., & Mitchell, D. (2007). Time to standardize taxonomies. 
Systematic Biology, 56, 130–133. https://doi.org/10.1080/10635​
15060​1145365

Baird, A. B., Braun, J. K., Engstrom, M. D., Lim, B. K., Mares, M., 
Patton, J. C., & Bickham, J. W. (2022). On the utility of taxonomy 
to reflect biodiversity: The example of Lasiurini (Chiroptera: 
Vespertilionidae). Therya, 12, 283–289. https://doi.org/10.12933/​
therya-21-1117

Baker, J., Meade, A., Pagel, M., Venditti, C., & Venditti, C. (2021). 
Nothing wrong with the analysis of clades in comparative evo-
lutionary studies: A reply to Poe et al. Systematic Biology, 70, 
197–201. https://doi.org/10.1093/sysbi​o/syaa067

Barraclough, T. (2010). Evolving entities: Towards a unified frame-
work for understanding diversity at the species and higher 
levels. Philosophical Transactions of the Royal Society B, 1801–
1813, 1801–1813. https://doi.org/10.1098/rstb.2009.0276

Boubli, J. P., Ribas, C., Lynch Alfaro, J. W., Alfaro, M. E., Silva, M. 
N., Pinho, G. M., & Farias, I. P. (2015). Spatial and temporal 
patterns of diversification on the Amazon: A test of the river-
ine hypothesis for all diurnal primates of Rio Negro and Rio 
Branco in Brazil. Molecular Phylogenetics and Evolution, 82(Pt 
B), 400–412.

Boubli, J. P., Silva, M. N. F., Rylands, A. B., Nash, S. D., Bertuol, F., 
Nunes, M., Mittermeier, R. A., Byrne, H., Silva, F. E., Rohe, F., 
Sampaio, I., Schneider, H., & Farias, I. P. (2018). How many 
pygmy marmoset (Cebuella Gray, 1870) species are there? A 
taxonomic re-appraisal based on new molecular evidence. 
Molecular Phylogenetics and Evolution, 120, 170–182. https://
doi.org/10.1016/j.ympev.2017.11.010

Bouckaert, R., Heled, J., Kühnert, D., Vaughan, T., Wu, C. H., Xie, 
D., Suchard, M. A., Rambaut, A., & Drummond, A. J. (2014). 
BEAST 2: A software platform for Bayesian evolutionary anal-
ysis. PLoS Computational Biology, 10, e1003537. https://doi.
org/10.1371/journ​al.pcbi.1003537

Brcko, I. C., Carneiro, J., Ruiz-García, M., Boubli, J. P., Silva-Júnior, 
J. S., Farias, I., Hrbek, T., Schneider, H., & Sampaio, I. (2022). 
Phylogenetics and an updated taxonomic status of the tam-
arins (Callitrichinae, Cebidae). Molecular Phylogenetics and 
Evolution, 173, 107504. https://doi.org/10.1016/j.ympev.2022.​
107504

Buckner, J. C., Lynch Alfaro, J. W., Rylands, A. B., & Alfaro, M. 
E. (2015). Biogeography of the marmosets and tamarins 

 14636409, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/zsc.12617 by Institut Pasteur, W

iley O
nline L

ibrary on [30/06/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://orcid.org/0000-0001-8972-8775
https://orcid.org/0000-0001-8972-8775
https://orcid.org/0000-0001-8972-8775
https://orcid.org/0000-0001-6431-6950
https://orcid.org/0000-0001-6431-6950
https://orcid.org/0000-0002-9138-0381
https://orcid.org/0000-0002-9138-0381
https://orcid.org/0000-0001-7073-8674
https://orcid.org/0000-0001-7073-8674
https://orcid.org/0000-0001-7073-8674
https://orcid.org/0000-0002-1315-0847
https://orcid.org/0000-0002-1315-0847
https://orcid.org/0000-0002-1315-0847
https://orcid.org/0000-0002-7780-3341
https://orcid.org/0000-0002-7780-3341
https://orcid.org/0000-0002-7780-3341
https://orcid.org/0000-0002-3280-0235
https://orcid.org/0000-0002-3280-0235
https://orcid.org/0000-0002-3280-0235
https://orcid.org/0000-0002-5833-9264
https://orcid.org/0000-0002-5833-9264
https://orcid.org/0000-0002-6092-4892
https://orcid.org/0000-0002-6092-4892
https://orcid.org/0000-0002-6092-4892
https://orcid.org/0000-0002-8420-5112
https://orcid.org/0000-0002-8420-5112
https://orcid.org/0000-0002-8420-5112
https://orcid.org/0000-0003-2820-2950
https://orcid.org/0000-0003-2820-2950
https://orcid.org/0000-0003-2820-2950
https://orcid.org/0000-0001-5230-9091
https://orcid.org/0000-0001-5230-9091
https://orcid.org/0000-0002-2137-4656
https://orcid.org/0000-0002-2137-4656
https://orcid.org/0000-0002-2137-4656
https://orcid.org/0000-0002-1416-4351
https://orcid.org/0000-0002-1416-4351
https://orcid.org/0000-0002-1416-4351
https://orcid.org/0000-0003-3239-7068
https://orcid.org/0000-0003-3239-7068
https://doi.org/10.1002/(SICI)1096-8644(200004)111:4%3C489::AID-AJPA5%3E3.0.CO;2-U
https://doi.org/10.1002/(SICI)1096-8644(200004)111:4%3C489::AID-AJPA5%3E3.0.CO;2-U
https://doi.org/10.1002/ajpa.10038
https://doi.org/10.1080/10292389209380424
https://doi.org/10.1080/10292389209380424
https://doi.org/10.1111/j.1463-6409.2008.00343.x
https://doi.org/10.1111/j.1463-6409.2008.00343.x
https://doi.org/10.1002/ajp.23226
https://doi.org/10.1073/pnas.96.13.7358
https://doi.org/10.1080/10635150601145365
https://doi.org/10.1080/10635150601145365
https://doi.org/10.12933/therya-21-1117
https://doi.org/10.12933/therya-21-1117
https://doi.org/10.1093/sysbio/syaa067
https://doi.org/10.1098/rstb.2009.0276
https://doi.org/10.1016/j.ympev.2017.11.010
https://doi.org/10.1016/j.ympev.2017.11.010
https://doi.org/10.1371/journal.pcbi.1003537
https://doi.org/10.1371/journal.pcbi.1003537
https://doi.org/10.1016/j.ympev.2022.107504
https://doi.org/10.1016/j.ympev.2022.107504


12  |      LOPES et al.

(Callitrichidae). Molecular Phylogenetics and Evolution, 82(Pt 
B), 413–425. https://doi.org/10.1016/j.ympev.2014.04.031

Byrne, H., Rylands, A. B., Carneiro, J. C., Alfaro, J. W. L., Bertuol, 
F., Silva, M. N. F., Messias, M., Groves, C. P., Mittermeier, R. 
A., Farias, I., Hrbek, T., Schneider, H., Sampaio, I., & Boubli, 
J. P. (2016). Phylogenetic relationships of the New World titi 
monkeys (Callicebus): First appraisal of taxonomy based on 
molecular evidence. Frontiers in Zoology, 13, 1–25. https://doi.
org/10.1186/s12983-016-0142-4

Cabrera, A. (1957). Catalogo de los mamiferos de America del 
Sur. Revista del Museo Argentino de Ciencias Naturales 
“Bernardino Rivadavia” 4, 1–307.

Cain, A. (1956). The genus in evolutionary taxonomy. Systematic 
Zoology, 5(97), 109. https://doi.org/10.2307/2411572

Cain, A. (1958). Logic and memory in Linnaeus's system of taxon-
omy. Proceedings of the Linnean Society of London, 169, 144–163.

Canavez, F. C., Moreira, M. A. M., Simon, F., Parham, P., & Seuánez, 
H. N. (1999). Phylogenetic relationships of the Callitrichinae 
(Platyrrhini, Primates) based on ß2-microglobulin DNA se-
quences. American Journal of Primatology, 48, 225–236. 
https://doi.org/10.1002/(SICI)1098-2345(1999)48:3<225::​
AID-AJP4>3.0.CO;2-4

Chifman, J., & Kubatko, L. S. (2014). Quartet inference from SNP 
data under the coalescent model. Bioinformatics, 30(23), 3317–
3324. https://doi.org/10.1093/bioin​forma​tics/btu530

Clayton, W. D. (1972). Some aspects of the genus concept. Kew 
Bulletin, 27, 281–287.

Collins, R. A., & Hrbek, T. (2018). An in silico comparison of proto-
cols for dated phylogenomics. Systematic Biology, 67, 633–650. 
https://doi.org/10.1093/sysbi​o/syx089

Cropp, S. J., Larson, A., & Cheverud, J. M. (1999). Historical bio-
geography of tamarins, genus Saguinus: The molecular phylo-
genetic evidence. American Journal of Physical Anthropology, 
108, 65–89. https://doi.org/10.1002/(SICI)1096-8644(19990​
1)108:1<65::AID-AJPA4​>3.0.CO;2-4

Cunha, D. B., Monteiro, E., Vallinoto, M., Sampaio, I., Ferrari, S. F., 
& Schneider, H. (2011). A molecular phylogeny of the tamarins 
(genus Saguinus) based on five nuclear sequence data from re-
gions containing Alu insertions. American Journal of Physical 
Anthropology, 146, 385–391. https://doi.org/10.1002/ajpa.21587

de Queiroz, K. (1988). Systematics and the Darwinian revolution. 
Philosophy of Science, 55, 238–259. https://doi.org/10.1093/
sysbi​o/43.4.497

de Queiroz, K. (1994). Replacement of an essentialistic perspec-
tive on taxonomic definitions as exemplified by the definition 
of “Mammalia”. Systematic Biology, 43, 497–510. https://doi.
org/10.1093/sysbi​o/43.4.497

Dominguez, E., & Wheeler, Q. D. (1997). Taxonomic stabil-
ity is ignorance. Cladistics, 1997(13), 367–372. https://doi.
org/10.1111/j.1096-0031.1997.tb003​25.x

Dubois, A. (1982). Les notions de genre, sous-genre et groupe d'es-
pèces en zoologie à la lumière de la systématique évolutive. 
Monitore Zoologico Italiano, 16, 9–65.

Dubois, A. (1988a). Some comments on the genus concept in zool-
ogy. Monitore Zoologico Italiano, 22, 27–44.

Dubois, A. (1988b). The genus in zoology: A contribution to the the-
ory of evolutionary systematics. Mémoires du Muséum National 
d'Histoire Naturelle, 140, 1–123.

Dubois, A., & Raffaëlli, J. (2009). A new ergotaxonomy of the family 
Salamandridae Goldfuss, 1820 (Amphibia, Urodela). Alytes, 26, 
1–85.

Eaton, D. A. (2014). PyRAD: Assembly of de novo RADseq loci for 
phylogenetic analyses. Bioinformatics, 30, 1844–1849. https://
doi.org/10.1093/bioin​forma​tics/btu121

Elliot, D. G. (1913). A review of primates (Vol. 1). American Museum 
of Natural History Press.

Fujita, M. K., Leaché, A. D., Burbrink, F. T., McGuire, J. A., & Moritz, 
C. C. (2012). Coalescent–based species delimitation in an inte-
grative taxonomy. Trends in Ecology & Evolution, 27, 480–488. 
https://doi.org/10.1016/j.tree.2012.04.012

Gaffney, E. S. (1979). An introduction to the logic of phylogeny re-
construction. In J. Cracraft & N. Eldredge (Eds.), Phylogenetic 
analysis and paleontology (pp. 79–111). Columbia University 
Press.

Garber, P. A. (1993). Feeding ecology and behaviour of the genus 
Saguinus. In A. B. Rylands (Ed.), Marmosets and tamarins: 
Systematics, behaviour, and ecology (pp. 273–295). Oxford 
University Press.

Garbino, G. S. T. (2015a). Defining genera of New World monkeys: 
The need for a critical view in a necessarily arbitrary task. 
International Journal of Primatology, 36, 1049–1064. https://
doi.org/10.1007/s10764-015-9882-9

Garbino, G. S. T. (2015b). How many marmoset (Primates: Cebidae: 
Callitrichinae) genera are there? A phylogenetic analysis based 
on multiple morphological systems. Cladistics, 31, 652–678. 
https://doi.org/10.1111/cla.12106

Garbino, G. S. T., & Martins-Junior, A. M. G. (2018). Phenotypic 
evolution in marmoset and tamarin monkeys (Cebidae, 
Callitrichinae) and a revised genus-level classification. 
Molecular Phylogenetics and Evolution, 118, 156–171. https://
doi.org/10.1016/j.ympev.2017.10.002

Garbino, G. S. T., Serrano-Villavicencio, J. E., & Gutiérrez, E. E. 
(2019). What is in a genus name? Conceptual and empiri-
cal issues preclude the proposed recognition of Callibella 
(Callitrichinae) as a genus. Primates, 60, 155–162. https://doi.
org/10.1007/s10329-019-00714-3

Gauthier, J., Mouden, C., Suchan, T., Alvarez, N., Arrigo, N., Riou, 
C., Lemaitre, C., & Peterlongo, P. (2020). DiscoSnp-RAD: de 
novo detection of small variants for RAD-Seq population ge-
nomics. PeerJ, 8, e9291. https://doi.org/10.7717/peerj.9291

Goodman, M., Porter, C. A., Czelusniak, J., Page, S. L., Schneider, 
H., Shoshani, J., Gunnell, G., & Groves, C. P. (1998). Toward a 
phylogenetic classification of primates based on DNA evidence 
complemented by fossil evidence. Molecular Phylogenetics 
and Evolution, 9, 585–598. https://doi.org/10.1006/mpev.​
1998.0495

Grant, T., & Kluge, A. G. (2005). Stability, sensitivity, sci-
ence and heurism. Cladistics, 21, 597–604. https://doi.
org/10.1111/j.1096-0031.2005.00082.x

Gregorin, R., Athaydes, D., Santos-Junior, J. E., & Ayoub, T. B. 
(2023). Taxonomic status of Tamarinus imperator subgrisescens 
(Lönnberg, 1940) (Cebidae, Callitrichinae). Papéis Avulsos de 
Zoologia, 63, 1–14. https://doi.org/10.11606/​1807-0205/​2023.​
63.005

Gregorin, R., & Vivo, M. (2013). Revalidation of Saguinus ursula 
Hoffmannsegg (Primates: Cebidae: Callitrichinae). Zootaxa, 
3721, 172–182. https://doi.org/10.11646/​zoota​xa.3721.2.4

Groves, C. (2004). The what, why and how of primate taxonomy. 
International Journal of Primatology, 25, 1105–1126. https://
doi.org/10.1023/B:IJOP.00000​43354.36778.55

Groves, C., & Grubb, P. (2011). Ungulate taxonomy. Johns Hopkins 
University Pres.

 14636409, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/zsc.12617 by Institut Pasteur, W

iley O
nline L

ibrary on [30/06/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1016/j.ympev.2014.04.031
https://doi.org/10.1186/s12983-016-0142-4
https://doi.org/10.1186/s12983-016-0142-4
https://doi.org/10.2307/2411572
https://doi.org/10.1002/(SICI)1098-2345(1999)48:3%3C225::AID-AJP4%3E3.0.CO;2-4
https://doi.org/10.1002/(SICI)1098-2345(1999)48:3%3C225::AID-AJP4%3E3.0.CO;2-4
https://doi.org/10.1093/bioinformatics/btu530
https://doi.org/10.1093/sysbio/syx089
https://doi.org/10.1002/(SICI)1096-8644(199901)108:1%3C65::AID-AJPA4%3E3.0.CO;2-4
https://doi.org/10.1002/(SICI)1096-8644(199901)108:1%3C65::AID-AJPA4%3E3.0.CO;2-4
https://doi.org/10.1002/ajpa.21587
https://doi.org/10.1093/sysbio/43.4.497
https://doi.org/10.1093/sysbio/43.4.497
https://doi.org/10.1093/sysbio/43.4.497
https://doi.org/10.1093/sysbio/43.4.497
https://doi.org/10.1111/j.1096-0031.1997.tb00325.x
https://doi.org/10.1111/j.1096-0031.1997.tb00325.x
https://doi.org/10.1093/bioinformatics/btu121
https://doi.org/10.1093/bioinformatics/btu121
https://doi.org/10.1016/j.tree.2012.04.012
https://doi.org/10.1007/s10764-015-9882-9
https://doi.org/10.1007/s10764-015-9882-9
https://doi.org/10.1111/cla.12106
https://doi.org/10.1016/j.ympev.2017.10.002
https://doi.org/10.1016/j.ympev.2017.10.002
https://doi.org/10.1007/s10329-019-00714-3
https://doi.org/10.1007/s10329-019-00714-3
https://doi.org/10.7717/peerj.9291
https://doi.org/10.1006/mpev.1998.0495
https://doi.org/10.1006/mpev.1998.0495
https://doi.org/10.1111/j.1096-0031.2005.00082.x
https://doi.org/10.1111/j.1096-0031.2005.00082.x
https://doi.org/10.11606/1807-0205/2023.63.005
https://doi.org/10.11606/1807-0205/2023.63.005
https://doi.org/10.11646/zootaxa.3721.2.4
https://doi.org/10.1023/B:IJOP.0000043354.36778.55
https://doi.org/10.1023/B:IJOP.0000043354.36778.55


      |  13LOPES et al.

Groves, C. P. (2001). Primate taxonomy. Smithsonian Institution 
Press.

Hanihara, T., & Natori, M. (1987). Preliminary analysis of numeri-
cal taxonomy of the genus Saguinus based on dental measure-
ments. Primates, 28, 517–523. https://doi.org/10.1007/BF023​
80865

Hennig, W. (1966). Phylogenetic systematics. University Illinois Press.
Hershkovitz, P. (1949). Mammals of northern Colombia. Preliminary 

report no. 4: Monkeys (Primates), with taxonomic revisions of 
some forms. Proceedings of the United States National Museum, 
98, 323–427.

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

Hershkovitz, P. (1979). Races of the emperor tamarin, Saguinus 
imperator Goeldi (Callitrichidae, Primates). Primates, 20, 277–
287. https://doi.org/10.1007/BF023​73379

Hill, W. C. O. (1957). Primates. Comparative anatomy and tax-
onomy. III. Pithecoidea Platyrrhini (families Hapalidae and 
Callimiconidae). Edinburgh University Press.

Hillis, D. M., & Bull, J. J. (1993). An empirical test of bootstrapping 
as a method for assessing confidence in phylogenetic analysis. 
Systematic Biology, 42, 182–192. https://doi.org/10.1093/sysbi​
o/42.2.182

Inger, R. F. (1958). Comments on the definition of genera. Evolution, 
12, 370–384. https://doi.org/10.2307/2405859

Isler, M. L., Bravo, G. A., & Brumfield, R. T. (2013). Taxonomic re-
vision of Myrmeciza (Aves: Passeriformes: Thamnophilidae) 
into 12 genera based on phylogenetic, morphological, behav-
ioral, and ecological data. Zootaxa, 3717, 469–497. https://doi.
org/10.11646/​zoota​xa.3717.4.3

Jacobs, S. C., Larson, A., & Cheverud, J. M. (1995). Phylogenetic rela-
tionships and orthogenetic evolution of coat color among tama-
rins (genus Saguinus). Systematic Biology, 44, 515–532. https://
doi.org/10.1093/sysbi​o/44.4.515

Kanazawa, E., & Rosenberger, A. L. (1988). Reduction index of the 
upper M2 in marmosets. Primates, 29, 525–533. https://doi.
org/10.1007/BF023​81139

Kass, R. E., & Raftery, A. E. (1995). Bayes factors. Journal of the 
American Statistical Association, 90, 773–795. https://doi.
org/10.1080/01621​459.1995.10476572

Kluge, A. G. (1989). A concern for evidence and a phylogenetic hy-
pothesis of relationships among Epicrates (Boidae, Serpentes). 
Systematic Biology, 38, 7–25.

Lanfear, R., Frandsen, P. B., Wright, A. M., Senfeld, T., & Calcott, 
B. (2017). PartitionFinder 2: New methods for selecting parti-
tioned models of evolution for molecular and morphological 
phylogenetic analyses. Molecular Biology and Evolution, 34, 
772–773. https://doi.org/10.1093/molbe​v/msw260

Lemen, C. A., & Freeman, P. W. (1984). The genus: A macroevo-
lutionary problem. Evolution, 38, 1219–1237. https://doi.
org/10.1111/j.1558-5646.1984.tb056​45.x

Lima, M. G. M., Silva-Júnior, J. S., Černý, D., Buckner, J. C., Aleixo, 
A., Chang, J., Zheng, J., Alfaro, M. E., Martins, A., Di Fiore, A., 
Boubli, J. P., & Lynch Alfaro, J. W. (2018). A phylogenomic per-
spective on the robust capuchin monkey (Sapajus) radiation: 
First evidence for extensive population admixture across South 
America. Molecular Phylogenetics and Evolution, 124, 137–150. 
https://doi.org/10.1016/j.ympev.2018.02.023

Lopes, G. P., Rohe, F., Bertuol, F., Polo, E. M., Lima, I. J., Valsecchi, 
J., Santos, T. C. M., Nash, S., Silva, M. N. F., Boubli, J. P., 
Farias, I. P., & Hrbek, T. (2023). Taxonomic review of Saguinus 
mystax (Spix, 1823) (Primates, Callitrichinae), and description 
of a new species. PeerJ, 11, e14526. https://doi.org/10.7717/
peerj.14526

Lynch Alfaro, J. W., Boubli, J. P., Olson, L. E., Di Fiore, A., Wilson, 
B., Gutierrez-Espeleta, G. A., Chiou, K. L., Schulte, M., Neitzel, 
S., Ross, V., Schwochow, D., Nguyen, M., Farias, I., Janson, C., 
& Alfaro, M. E. (2012). Explosive Pleistocene range expansion 
leads to widespread Amazonian sympatry between robust and 
gracile capuchin monkeys. Journal of Biogeography, 39, 272–
288. https://doi.org/10.1111/j.1365-2699.2011.02609.x

Lynch Alfaro, J. W., Silva-Júnior, J. S., & Rylands, A. B. (2012). How 
different are robust and gracile capuchin monkeys? An argu-
ment for the use of Sapajus and Cebus. American Journal of 
Primatology, 74, 273–286. https://doi.org/10.1002/ajp.22007

Matauschek, C. (2010). Taxonomy, phylogeny and distribution of 
tamarins (genus Saguinus Hoffmannsegg, 1807). PhD Thesis. 
Georg-August Universität, Göttingen.

Matauschek, C., Roos, C., & Heymann, E. W. (2011). Mitochondrial 
phylogeny of tamarins (Saguinus, Hoffmannsegg 1807) with 
taxonomic and biogeographic implications for the S. nigricollis 
species group. American Journal of Physical Anthropology, 144, 
564–574. https://doi.org/10.1002/ajpa.21445

Mayr, E. (1943). What genera belong to the family Prionopidae? Ibis, 
85, 216–218.

Mayr, E. (1950). Taxonomic categories in fossil hominids. Cold 
Spring Harbor Symposia on Quantitative Biology, 15, 109–118. 
https://doi.org/10.1101/SQB.1950.015.01.013

Mayr, E. (1969). Principles of systematic zoology. McGraw Hill.
Meireles, A. C. O., Sampaio, I., Schneider, H., Ferrari, S. F., Coimbra-

Filho, A. F., Pissinatti, A., & Schneider, M. P. C. (1997). A com-
parative study of eleven protein systems in tamarins, genus 
Saguinus (Platyrrhini, Callitrichinae). Brazilian Journal of 
Genetics, 20, 13–19. https://doi.org/10.1590/S0100-84551​99700​
0100003

Michener, C. D. (1957). Some bases for higher categories in classifi-
cation. Systematic Zoology, 6, 160–173.

Moore, A. J., & Cheverud, J. M. (1992). Systematics of the Saguinus 
oedipus group of the bare-face tamarins: Evidence from facial 
morphology. American Journal of Physical Anthropology, 89, 
73–84. https://doi.org/10.1002/ajpa.13308​90107

Natori, M. (1988). A cladistic analysis of interspecific relationships 
of Saguinus. Primates, 29, 263–276. https://doi.org/10.1007/
BF023​81128

Natori, M., & Hanihara, T. (1992). Variations in dental measurements 
between Saguinus species and their systematic relationships. 
Folia Primatologica, 58, 84–92. https://doi.org/10.1159/00015​
6612

Nee, S., May, R. M., & Harvey, P. H. (1994). The reconstructed evolu-
tionary process. Philosophical Transactions of the Royal Society 
B, 344, 305–311. https://doi.org/10.1098/rstb.1994.0068

Ogilvie, H. A., Bouckaert, R. R., & Drummond, A. J. (2017). 
StarBEAST2 brings faster species tree inference and accurate 
estimates of substitution rates. Molecular Biology and Evolution, 
34, 2101–2114. https://doi.org/10.1093/molbe​v/msx126

Padial, J. M., & De la Riva, I. (2006). Taxonomic inflation and the 
stability of species lists: The perils of ostrich's behaviour. 

 14636409, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/zsc.12617 by Institut Pasteur, W

iley O
nline L

ibrary on [30/06/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1007/BF02380865
https://doi.org/10.1007/BF02380865
https://doi.org/10.1007/BF02373379
https://doi.org/10.1093/sysbio/42.2.182
https://doi.org/10.1093/sysbio/42.2.182
https://doi.org/10.2307/2405859
https://doi.org/10.11646/zootaxa.3717.4.3
https://doi.org/10.11646/zootaxa.3717.4.3
https://doi.org/10.1093/sysbio/44.4.515
https://doi.org/10.1093/sysbio/44.4.515
https://doi.org/10.1007/BF02381139
https://doi.org/10.1007/BF02381139
https://doi.org/10.1080/01621459.1995.10476572
https://doi.org/10.1080/01621459.1995.10476572
https://doi.org/10.1093/molbev/msw260
https://doi.org/10.1111/j.1558-5646.1984.tb05645.x
https://doi.org/10.1111/j.1558-5646.1984.tb05645.x
https://doi.org/10.1016/j.ympev.2018.02.023
https://doi.org/10.7717/peerj.14526
https://doi.org/10.7717/peerj.14526
https://doi.org/10.1111/j.1365-2699.2011.02609.x
https://doi.org/10.1002/ajp.22007
https://doi.org/10.1002/ajpa.21445
https://doi.org/10.1101/SQB.1950.015.01.013
https://doi.org/10.1590/S0100-84551997000100003
https://doi.org/10.1590/S0100-84551997000100003
https://doi.org/10.1002/ajpa.1330890107
https://doi.org/10.1007/BF02381128
https://doi.org/10.1007/BF02381128
https://doi.org/10.1159/000156612
https://doi.org/10.1159/000156612
https://doi.org/10.1098/rstb.1994.0068
https://doi.org/10.1093/molbev/msx126


14  |      LOPES et al.

Systematic Biology, 55, 859–867. https://doi.org/10.1080/10635​
15060​081588

Perelman, P., Johnson, W. E., Roos, C., Seuánez, H. N., Horvath, J. E., 
Moreira, M. A. M., Kessing, B., Pontius, J., Roelke, M., Rumpler, 
Y., Schneider, M. P. C., Silva, A., O'Brien, S. J., & Pecon-Slattery, 
J. (2011). A molecular phylogeny of living primates. PLoS 
Genetics, 7, 1–17. https://doi.org/10.1371/journ​al.pgen.1001342

Peterson, B. K., Weber, J. N., Kay, E. H., Fisher, H. S., & Hoekstra, H. 
E. (2012). Double digest RADseq: an inexpensive method for de 
novo SNP discovery and genotyping in model and non–model 
species. PLoS One, 7, e37135. https://doi.org/10.1371/journ​
al.pone.0037135

Pocock, R. I. (1917). The genera of Hapalidæ (Marmozets). Annals 
and Magazine of Natural History, 8(20), 247–258.

Rambaut, A. (2010). FigTree v1.3.1. Institute of Evolutionary Biology, 
University of Edinburgh.

Rambaut, A., & Drummond A. J. (2015). TreeAnnotator v1.8.2: 
MCMC output analysis.

Rambaut, A., Drummond, A. J., Xie, D., Baele, G., & Suchard, M. 
A. (2018). Posterior summarization in Bayesian phylogenetics 
using tracer 1.7. Systematic Biology, 67, 901–904. https://doi.
org/10.1093/sysbi​o/syy032

Reichenbach, H. G. L. (1862). Die vollständigste Naturgeschichte der 
Affen. Expedition der vollständigsten Naturgeschichte.

Rosenberger, A. L. (2012). New world monkey nightmares: Science, 
art, use, and abuse (?) in platyrrhine taxonomic nomenclature. 
American Journal of Primatology, 74, 692–695. https://doi.
org/10.1002/ajp.22037

Rosenberger, A. L. (2020). New World monkeys: The evolutionary od-
yssey. Princeton University Press.

Ruiz-García, M., Castillo, M. I., Lichilín-Ortiz, N., & Pinedo-Castro, 
M. (2012). Molecular relationships and classification of several 
tufted capuchin lineages (Cebus apella, Cebus xanthosternos 
and Cebus nigritus, Cebidae), by means of mitochondrial cy-
tochrome oxidase II gene sequences. Folia Primatologica, 83, 
100–125. https://doi.org/10.1159/00034​2832

Ruiz-García, M., Castillo, M. I., & Luengas, K. (2016). It is misleading 
to use Sapajus (robust capuchins) as a genus? A review of the 
evolution of the capuchins and suggestions on their systemat-
ics. In M. Ruiz-García & J. Shostell (Eds.), Molecular population 
genetics, evolutionary biology and biological conservation of the 
Neotropical primates (pp. 209–268). Nova Science Publishers Inc.

Ruiz-García, M., Escobar-Armel, P., Leguizamon, N., Manzur, P., 
Pinedo-Castro, M., & Shostell, J. M. (2014). Genetic character-
ization and structure of the endemic Colombian silvery brown 
bare-face tamarin, Saguinus leocopus (Callitrichinae, Cebidae, 
Primates). Primates, 55, 415–435. https://doi.org/10.1007/
s10329-014-0418-2

Ruiz-García, M., Sánchez-Castillo, S., Castillo, M. I., Luengas, K., 
Ortega, J. M., Moreno, P., Albuja, L., Pinto, C. M., & Shostell, 
J. M. (2018). How many species, taxa, or lineages of Cebus 
albifrons (Platyrrhini, Primates) inhabit Ecuador? Insight 
from mitogenomics. International Journal of Primatology, 39, 
1068–1104.

Rylands, A. B. (1993). The bare-face tamarins Saguinus oedipus oe-
dipus and Saguinus oedipus geoffroyi: Subspecies or species? 
Neotropical Primates, 1, 4–5.

Rylands, A. B., Heymann, E. W., Lynch Alfaro, J. W., Buckner, J. 
C., Roos, C., Matauschek, C., Boubli, J. P., Sampaio, R., & 
Mittermeier, R. A. (2016). Taxonomic review of the New World 

tamarins (Primates: Callitrichidae). Zoological Journal of the 
Linnean Society, 177, 1003–1028. https://doi.org/10.1111/
zoj.12386

Rylands, A. B., & Mittermeier, R. A. (2009). The diversity of the New 
World primates: An annotated taxonomy. In P. A. Garber, A. 
Estrada, J. C. Bicca-Marques, E. W. Heymann, & K. B. Strier 
(Eds.), South American primates: Comparative perspectives 
in the study of behavior, ecology, and conservation (pp. 23–54). 
Springer.

Rylands, A. B., & Mittermeier, R. A. (2013). Family Callitrichidae 
(marmosets and tamarins). In R. A. Mittermeier, A. B. Rylands, 
& D. E. Wilson (Eds.), Handbook of the mammals of the world, 
volume 3: Primates (pp. 262–346). Lynx Edicions.

Rylands, A. B., Schneider, H., Langguth, A., Mittermeier, R. A., 
Groves, C. P., & Rodríguez-Luna, E. (2000). An assessment of 
the diversity of New World primates. Neotropical Primates, 8, 
61–93.

Sampaio, R., Rohe, F., & Rylands, A. B. (2018). Diversity of primates 
and other mammals in the middle Purus basin in the Brazilian 
Amazon. Mammalia, 82, 1–15.

Schaefer, W. W. (1976). The reality of the higher taxonomic catego-
ries. Journal of Systematics and Evolutionary Research, 14, 1–10. 
https://doi.org/10.1111/j.1439-0469.1976.tb005​13.x

Simpson, G. G. (1944). Tempo and mode in evolution. Columbia 
University Press.

Simpson, G. G. (1945). The principles of classification and a clas-
sification of mammals. Bulletin of the American Museum of 
Natural History, 85, 1–350.

Simpson, G. G. (1953). The major features of evolution. Columbia 
University Press. https://doi.org/10.7312/simp9​3764

Simpson, G. G. (1961). Principles of animal taxonomy. Columbia 
University Press.

Skinner, C. (1991). Justification for reclassifying Geoffroy's tamarin 
from Saguinus oedipus geoffroyi to Saguinus geoffroyi. Primate 
Report, 31, 77–83.

Snowdon, C. T. (1993). A vocal taxonomy of the callitrichids. In A. B. 
Rylands (Ed.), Marmosets and tamarins: Systematics, behavior 
and ecology (pp. 78–94). Oxford University Press.

Swofford, D. L. (2002). PAUP. Phylogenetic analysis using parsimony 
(and other methods). Version, 4.

Tagliaro, C. H., Schneider, H., Sampaio, I., Schneider, M. P. C., 
Vallinoto, M., & Stanhope, M. (2005). Molecular phylogeny of 
the genus Saguinus (Platyrrhini, Primates) based on the ND1 
mitochondrial gene and implications for conservation. Genetics 
and Molecular Biology, 28, 46–53. https://doi.org/10.1590/
S1415-47572​00500​0100009

Talavera, G., Lukhtanov, V. A., Pierce, N. E., & Vila, R. (2013). 
Establishing criteria for higher-level classification using mo-
lecular data: The systematics of Polyommatus blue butterflies 
(Lepidoptera, Lycaenidae). Cladistics, 29, 166–192. https://doi.
org/10.1111/j.1096-0031.2012.00421.x

Tello, J. G., Raposo, M., Bates, J. M., Bravo, G. A., Cadena, C. D., & 
Maldonado-Coelho, M. (2014). Reassessment of the systemat-
ics of the widespread Neotropical genus Cercomacra (Aves: 
Thamnophilidae). Zoological Journal of the Linnean Society, 
170, 546–565. https://doi.org/10.1111/zoj.12116

Thomas, O. (1922). On the systematic arrangement of the marmo-
sets. Annals of Natural History, 9, 196–199.

Trouessart, E.-L. (1904). Catalogus Mammalium. R. Friedlander & 
Sohn.

 14636409, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/zsc.12617 by Institut Pasteur, W

iley O
nline L

ibrary on [30/06/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1080/1063515060081588
https://doi.org/10.1080/1063515060081588
https://doi.org/10.1371/journal.pgen.1001342
https://doi.org/10.1371/journal.pone.0037135
https://doi.org/10.1371/journal.pone.0037135
https://doi.org/10.1093/sysbio/syy032
https://doi.org/10.1093/sysbio/syy032
https://doi.org/10.1002/ajp.22037
https://doi.org/10.1002/ajp.22037
https://doi.org/10.1159/000342832
https://doi.org/10.1007/s10329-014-0418-2
https://doi.org/10.1007/s10329-014-0418-2
https://doi.org/10.1111/zoj.12386
https://doi.org/10.1111/zoj.12386
https://doi.org/10.1111/j.1439-0469.1976.tb00513.x
https://doi.org/10.7312/simp93764
https://doi.org/10.1590/S1415-47572005000100009
https://doi.org/10.1590/S1415-47572005000100009
https://doi.org/10.1111/j.1096-0031.2012.00421.x
https://doi.org/10.1111/j.1096-0031.2012.00421.x
https://doi.org/10.1111/zoj.12116


      |  15LOPES et al.

Vallinoto, M., Araripe, J., Rego, P. S., Tagliaro, C. H., Sampaio, I., 
& Schneider, H. (2006). Tocantins River as an effective bar-
rier to gene flow in Saguinus niger populations. Genetics and 
Molecular Biology, 29, 215–219. https://doi.org/10.1590/S1415-
47572​00600​0200005

van Roosmalen, M. G. M., & van Roosmalen, T. (2003). The de-
scription of a new marmoset genus, Callibella (Callitrichinae, 
Primates), including its molecular phylogenetic status. 
Neotropical Primates, 11, 1–10.

van Valen, L. (1973). Are categories in different phyla equivalent? 
Taxon, 22, 333–373.

Vences, M., Guayasamin, J. M., Miralles, A., & De la Riva, I. (2013). 
To name or not to name: Criteria to promote economy of 
change in Linnaean classification schemes. Zootaxa, 3636, 201–
244. https://doi.org/10.11646/​zoota​xa.3636.2.1

Wittiger, L. (2002). Die long calls der Callitrichidae: Ein Beitrag zu 
ihrer Phylogenie. PhD Thesis. Albert-Ludwigs-Universität. 
Freiburg, Staatsarbeit.

Wood, B., & Collard, M. (1999). The human genus. Science, 284, 65–
71. https://doi.org/10.1126/scien​ce.284.5411.65

SUPPORTING INFORMATION
Additional supporting information can be found online 
in the Supporting Information section at the end of this 
article.

How to cite this article: Lopes, G. P., Rohe, F., 
Bertuol, F., Polo, É., Valsecchi, J., Santos, T. C. M., 
Silva, F. E., Lima, I. J., Sampaio, R., da Silva, M. N. 
F., Silva, C. R., Boubli, J., Costa-Araújo, R., de 
Thoisy, B., Ruiz-García, M., Gordo, M., Sampaio, I., 
Farias, I. P., & Hrbek, T. (2023). Molecular 
systematics of tamarins with emphasis on genus 
Tamarinus (Primates, Callitrichidae). Zoologica 
Scripta, 00, 1–15. https://doi.org/10.1111/zsc.12617

 14636409, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/zsc.12617 by Institut Pasteur, W

iley O
nline L

ibrary on [30/06/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1590/S1415-47572006000200005
https://doi.org/10.1590/S1415-47572006000200005
https://doi.org/10.11646/zootaxa.3636.2.1
https://doi.org/10.1126/science.284.5411.65
https://doi.org/10.1111/zsc.12617

	Molecular systematics of tamarins with emphasis on genus Tamarinus (Primates, Callitrichidae)
	Abstract
	1|INTRODUCTION
	2|MATERIALS AND METHODS
	2.1|Collection of ddRAD data
	2.2|Species hypotheses tests
	2.2.1|Tests of taxonomic hypotheses for Tamarinus imperator

	2.3|Phylogenetic analyses

	3|RESULTS
	3.1|Test of phylogenetic hypotheses for Tamarinus imperator
	3.2|Phylogenetics inferences

	4|DISCUSSION
	4.1|Tamarinus imperator and Tamarinus subgrisescens
	4.2|Tamarinus inustus
	4.3|Phylogeny of tamarins
	4.4|One genus or three? Assessing whether large-­bodied tamarins should be divided into three genera

	5|CONCLUSION
	ACKNO​WLE​DGE​MENTS
	REFERENCES


