
Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalInformation?journalCode=tsab20

Systematics and Biodiversity

ISSN: (Print) (Online) Journal homepage: www.tandfonline.com/journals/tsab20

Rectifying a century of misidentifications:
a taxonomic re-evaluation of sipo snakes
(Colubridae: Chironius) on Trinidad

Robert C. Jadin, Michael J. Jowers, Christopher Blair, Rickaela K. Ludwig,
Xabier Salgado-Irazabal & John C. Murphy

To cite this article: Robert C. Jadin, Michael J. Jowers, Christopher Blair, Rickaela K. Ludwig,
Xabier Salgado-Irazabal & John C. Murphy (2024) Rectifying a century of misidentifications: a
taxonomic re-evaluation of sipo snakes (Colubridae: Chironius) on Trinidad, Systematics and
Biodiversity, 22:1, 2338064, DOI: 10.1080/14772000.2024.2338064

To link to this article:  https://doi.org/10.1080/14772000.2024.2338064

View supplementary material 

Published online: 20 May 2024.

Submit your article to this journal 

View related articles 

View Crossmark data

https://www.tandfonline.com/action/journalInformation?journalCode=tsab20
https://www.tandfonline.com/journals/tsab20?src=pdf
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/14772000.2024.2338064
https://doi.org/10.1080/14772000.2024.2338064
https://www.tandfonline.com/doi/suppl/10.1080/14772000.2024.2338064
https://www.tandfonline.com/doi/suppl/10.1080/14772000.2024.2338064
https://www.tandfonline.com/action/authorSubmission?journalCode=tsab20&show=instructions&src=pdf
https://www.tandfonline.com/action/authorSubmission?journalCode=tsab20&show=instructions&src=pdf
https://www.tandfonline.com/doi/mlt/10.1080/14772000.2024.2338064?src=pdf
https://www.tandfonline.com/doi/mlt/10.1080/14772000.2024.2338064?src=pdf
http://crossmark.crossref.org/dialog/?doi=10.1080/14772000.2024.2338064&domain=pdf&date_stamp=20 May 2024
http://crossmark.crossref.org/dialog/?doi=10.1080/14772000.2024.2338064&domain=pdf&date_stamp=20 May 2024


Research Article

Rectifying a century of misidentifications: a taxonomic re-evaluation
of sipo snakes (Colubridae: Chironius) on Trinidad
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(Received 18 December 2023; accepted 29 March 2024)

The island of Trinidad has several endemic reptile species that in some cases are morphologically indistinguishable, or
almost so, from their mainland counterparts. In particular, many snakes from the island have not been examined
thoroughly with modern scientific methods and may therefore be misidentified. At least two species of sipo snakes
(Chironius carinatus, C. septentrionalis) are reported to inhabit Trinidad, both being considered species already
inhabiting the mainland, though their identities are based solely on morphology. Here, we evaluate the molecular
distinctiveness of these Trinidadian snakes and assess their relationships to other members of the genus. We constructed
a multi-locus data set (12S rRNA, 16S rRNA, cyt b, ND4, cmos, NT3, Rag-1, Rag-2) including novel sequences and
those available on GenBank to perform Bayesian and maximum likelihood phylogenetic analyses. Our phylogenetic
reconstruction elucidates the identity of both Trinidad species, which have been misidentified since their discovery, and
we provide a literature review of their taxonomic history. More specifically, our results suggest that the Trinidad
population of Chironius carinatus is an undescribed species, that we describe herein as Chironius nigelnoriegai sp. nov.,
and is the sister to C. flavopictus. Our results also demonstrate that the Trinidad population previously identified as
C. septentrionalis is instead the mainland species C. cochranae, a member of a clade with C. foveatus, C. laurenti, and
C. multiventris. Finally, we generated a time tree and inferred that our new species separated from C. flavopictus
approximately 4 million years ago in the Pliocene, a time when the island of Trinidad detached from Northern
Venezuela. This work contributes to a better understanding of species diversity of Trinidad and we hope that it assists in
conservation efforts towards this important endemic region. These findings support the prospect of rapid speciation on
Trinidad and implies that more extensive surveys of island squamates will reveal additional cryptic diversity.

http://zoobank.org/urn:lsid:zoobank.org:pub:500DB91B-62CD-4051-9831-0BEEAC64C8E2
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Introduction
Trinidad and its sister island Tobago have been
connected to the mainland multiple times at low sea-
level stands during the Pleistocene and researchers
sometimes assume that because the islands were con-
nected, the island species must be conspecific with
mainland taxa (Kenny, 2000; Murphy et al., 2023;
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Scharff, 1922). The problem with this line of thinking is
that it ignores geological and/or speciation events prior
to the Pleistocene. In particular, Trinidad has a unique
geography with a variety of distinct ecosystems resulting
in a tendency of its mountainous landscape to promote
speciation. More specifically Trinidad’s large size
(�4800 km2) and close proximity to the mainland
(�8 km) reduce the chance for the extirpation of colo-
nizing fauna, while the three mountain or hill ranges
separated by lowland basins allow for several distinct
physiographic regions and in turn the prospect of both
vicariance and ecological speciation (Boos, 2001;
Murphy, 1997; Rivas et al., 2021). The island of
Trinidad has endemic squamates that in some cases are
morphologically indistinguishable, or almost so, from
their mainland counterparts or sympatric species living
on the island (e.g. Gonatodes ferrugineus Cope, 1864
(Sphaerodactylidae), Leptophis stimsoni Harding, 1995
(Colubridae), Ninia franciscoi Angarita-Sierra, 2014
(Dipsadinae), Plica caribeana Murphy & Jowers, 2013
(Tropiduridae), Polychrus auduboni (Hallowell, 1845)
(Polychrotidae), (also on mainland and on Tobago)
Tupinambis cryptus Murphy et al., 2018 (Teiidae)).
The Neotropical Whipsnakes or Sipo Snakes, genus

Chironius Fitzinger, 1826, comprise one of the most spe-
ciose colubrid snake genera in Central and South America,
with 23 currently recognized species (Entiauspe-Neto
et al., 2020) distributed from the Caribbean coast of
Honduras and Nicaragua southeast to northeastern Chile,
Argentina, and the R�ıo de la Plata of Uruguay (Hollis,
2006; K€ohler, 2008). Most are widely distributed and
occupy a variety of habitats ranging from savannas to cloud
forests, and although some are generally ground dwelling
others live in the canopy (Bailey, 1955; Dixon et al., 1993;
Hollis, 2006). Species of Chironius are of interest partly
because they have the lowest number (12) of dorsal scale
rows at mid-body found in snakes, 11 species violate the
general condition of male snakes having longer tails than
female snakes, and they tend to be dietary specialists that
feed primarily on amphibians, particularly anurans
(Roberto & Souza, 2020). At least two species of
Chironius inhabit Trinidad, with their identities to date
based entirely on external appearances. The recognition of
the presence of two species of Chironius on Trinidad can
be traced back to Mole and Urich (1894a) when they rec-
ognized Herpetodryas carinatus and H. macrophthalmus
as present. The one exception was a report of C. scurrulus
(Dixon et al., 1993) from the island, which was based upon
a specimen shown subsequently to have erroneous locality
data (Murphy et al., 2018). Currently, all Chironius popula-
tions observed on the island have been identified as either
C. carinatus or C. septentrionalis (formerly C. multiventris
or C. m. septentronalis) (Murphy, 1997).

In this study, we construct the most taxonomically
comprehensive molecular phylogeny of the genus
Chironius and update our understanding of the evolu-
tionary relationships within the clade. More specifically,
we evaluate the evolutionary history and molecular dis-
tinctiveness of Sipo Snakes on Trinidad to better assess
their relative endemism. Additionally, we assess the tim-
ing of diversification of this clade from its closest living
relative by performing divergence time estimation. Our
data include mitochondrial and nuclear genes for 20 spe-
cies of Chironius available on GenBank, along with
novel sequences that were generated from Trinidad
snakes and one from Venezuela. From these findings we
find justification to redescribe both taxa on Trinidad,
one of which we describe as a new species.

Materials and methods
Morphological data
Ten preserved specimens of Chironius were examined
in this study (Appendix). Specimen examination was
conducted at the Field Museum of Natural History, the
University of Wisconsin–Eau Claire, and the University
of Wisconsin–Stevens Point Museum of Natural
History. Standard scale counts and measurements were
taken for the right side of the snake and follow Dixon
et al. (1993) and Entiauspe-Neto et al. (2020). The dor-
sal scale arrangement is counted as the number of dorsal
scale rows across the body one head length behind the
head, at midbody, and one head length anterior to the
vent. All counts and measurements were done under a
dissection microscope and using digital calipers.

DNA sequencing and alignment
Genomic DNA from seven Chironius specimens was
extracted using a Qiagen DNeasy extraction kit and
protocol. Four mitochondrial (12S rRNA (12S), 16S
rRNA (16S), cytochrome b (cyt b) and NADH dehydro-
genase subunit 4 (ND4)) and four nuclear (cmos, NT3,
Rag-1, Rag-2) gene fragments were independently
amplified. Published sequence data for these gene frag-
ments for most Chironius species and some closely
related outgroup taxa were acquired from GenBank
(Supplemental Table S1) and combined in data sets with
our novel sequences (Table 1). Chironius is considered
monophyletic (Hamdan et al., 2017; Hollis, 2006;
Klaczko et al., 2014) and we therefore did not test this
hypothesis. Each gene fragment was aligned using the
program MUSCLE (Edgar, 2004) with default settings
and then edited and concatenated manually using Se-Al
v.2.0a11 (Rambaut, 2002).
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Phylogenetic analyses
We performed maximum likelihood (ML) phylogenetic
analyses in IQ-TREE v2.2.2.6 (Minh et al., 2020). Multiple
analyses on different data sets were performed to assess
congruence. We first performed an unpartitioned analysis
of the concatenated eight gene (mtDNAþ nDNA) data set.
We then performed a partitioned analysis on the same
matrix, with the best-fitting partition scheme and substitu-
tion models identified using BIC in ModelFinder
(MFPþMERGE; Kalyaanamoorthy et al., 2017; Lanfear
et al., 2012). Next, we performed ML analyses on only the
concatenated mtDNA data. Again, both unpartitioned and
partitioned models were implemented to assess congru-
ence. For all analyses, support was determined using both
the ultrafast bootstrap (Hoang et al., 2018) and SH-aLRT
tests (Guindon et al., 2010) with 1000 replicates each.
Bayesian inference was implemented using MrBayes
v.3.0b4 with default Markov chain Monte Carlo (MCMC)
settings, for a total of 6 � 106 generations per run, sam-
pling trees and parameters every 100 generations and the
first 1.5 � 106 generations from each run discarded as
burn-in. The data set was concatenated including all
mtDNA and nuclear fragments and partitioned by fragment
and codon position. Appropriate models of nucleotide sub-
stitution for Bayesian analyses were identified using the
program MrModeltest v2.2 (Nylander, 2004), run in
PAUP� v4.0b10 (Swofford, 2002). The best-fit models
were selected using the Akaike information criterion
(AIC). All trees were rooted using the outgroup taxa
Dendrophidion brunneum, Drymoluber dichrous, Oxybelis
koehleri, and Spilotes sulphureus per phylogenetic esti-
mates by Jadin et al. (2014, 2019).

Divergence time estimation
We used BEAST v2.7.5 (Bouckaert et al., 2019) to esti-
mate divergence times within Chironius. We began with
the concatenated mtDNAþ nDNA matrix and subsampled
one individual per lineage. Representative individuals
were selected based primarily on the availability of
sequence data. This resulted in a matrix of 38 taxa and
5229 bp. We partitioned analyses by independent locus
(i.e., concatenated mtDNA, cmos, RAG1, RAG2, NT3) to

minimize overparameterization. Tree models were linked
and site models were unlinked. We specified two separate
clock models, one for mtDNA and one for nDNA. We
initially attempted separate clock models for each nuclear
locus, but this resulted in poor mixing of the MCMC. To
account for substitution model uncertainty we utilized
Bayesian model selection (bModelTest; Bouckaert &
Drummond, 2017). Because the data consisted of multiple
species with a single sample per lineage, we specified an
optimized relaxed clock model (Douglas et al., 2021;
Zhang & Drummond, 2020) for both the mtDNA and
nDNA. A Yule tree prior was used and the remaining pri-
ors were left as defaults. To temporally calibrate the ana-
lysis we followed the approach of Torres-Carvajal et al.
(2019), who based their secondary calibration scheme on
the results of Hamdan et al. (2017) and Zheng and Wiens
(2016). Specifically, we calibrated the crown-group age of
Chironius using a normal prior (mean ¼ 20 million years
ago (mya), sigma ¼ 1 mya). Two independent runs were
executed for 20 million generations each, sampling every
2000 generations (10,000 posterior samples per run).
Mixing and effective sample sizes (ESS; target >200)
were monitored in Tracer v1.7.2 (Rambaut et al., 2018).
Upon adequate sampling, LogCombiner was used to com-
bine tree files following a burn-in of 10%. TreeAnnotator
was then used to construct a maximum clade credibility
(MCC) tree with median node heights.

Results
Phylogenetic analysis
The concatenated eight gene (mtDNAþ nDNA) data set
consisted of 133 individuals and 5229 sites. The number
of constant sites was 4143 and the number of parsimony
informative sites 776. The best-fit substitution model for
the unpartitioned analysis according to BIC was
TIM2þFþ IþR3. ModelFinder indicated that the best-
fit scheme comprised four partitions (Supplemental
Table S2). This same data set was utilized for the
Bayesian estimate but was partitioned by gene fragment
and by codon position and the best model for each parti-
tion was estimated using MrModeltest (Supplemental
Table S3).

Table 1. GenBank numbers from both Trinidadian Chironius taxa. Bolded sequence numbers were generated in this study.

Species Specimen 12S 16S cyt b ND4 cmos

C. cochranae CAS 231763 PP356674 PP356679 HQ529280 ——— HQ529281
Trinidad DOR ——— PP356680 ——— PP344632 ———
Venezuela DOR PP356675 ——— PP344628 PP344633 PP344635
UWIZM 2014 28 ——— PP356681 ——— ——— ———

C. nigelnoriegai sp. nov. CAS 231764 PP356676 PP356682 PP344629 ——— PP344636
CAS 231765 PP356677 PP356683 PP344630 ——— PP344637
UWIZM 2015 18 13 PP356678 PP356684 PP344631 ——— PP344638
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The concatenated mtDNA data consisted of 133
sequences and 2598 sites. The number of constant sites
was 1635 and the number of parsimony informative
sites 715. The best-fit substitution model for the
unpartitioned analysis according to BIC was
TIM2þFþ IþR3. ModelFinder indicated that the best-
fit scheme comprised three partitions (Supplemental
Table S4).
All of our phylogenetic hypotheses were highly con-

gruent showing consistent relationships (described

thoroughly in the discussion) regardless of method-
ology or data set. Our two most important findings
however were: (1) the Trinidadian population previ-
ously identified as C. septentrionalis instead belongs to
the mainland South American taxon C. cochranae, that
was sister to C. multiventris and appears to be a para-
phyletic species complex with respect to C. foveatus
and C. laurenti; and (2) the taxon previously identified
as C. carinatus from Trinidad is a distinct species sis-
ter to C. flavopictus, which together are sister to a

Fig. 1. Phylogenetic relationships of Chironius taxa estimated from a Bayesian 50% majority-rule consensus phylogram using a
multilocus dataset (i.e., 12S, 16S, cyt b, ND4, cmos, NT3, Rag-1, Rag-2; total of 5229 bp) with posterior probabilities (�95)
represented at the node (red circles) and additional support values (SH-aLRT > 80%/UFboot <95%) from maximum likelihood
(ML) analyses of the partitioned dataset obtained from IQ-TREE. Inserted photographs are top right Chironius nigelnoriegai sp. nov.
from Trinidad’s Northern Basin; bottom left is a C. cochranae from the Arima Valley, Trinidad. Photographs by Saifudeen
Muhammad and JCM, respectively.
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clade of C. quadricarinatus, C. maculoventris and C.
exoletus (Figs. 1, 2).

Divergence times
ESS values for all parameters for each BEAST run were
>100, with nearly all >200. ESS values for the com-
bined runs were all >200 indicating adequate sampling
of the posterior. Assuming a normal distribution with a
mean divergence time of 20 mya for crown Chironius
resulted in a mean mtDNA substitution rate of
0.0064529 substitutions per site per million years
(95% highest posterior density (HPD) ¼
0.004940− 0.0080905). The estimated mean substitution
rate for the nuclear loci was 0.0003091 substitutions per
site per million years (95% HPD ¼ 0.0002195,
0.00040956). For both data sets the 95% HPD for the
coefficient of variation parameter did not include zero,
indicating that relaxed clock models were appropriate.
Our analysis recovered an Early Miocene origin for
Chironius, at 19.9 mya (95% HPD: 17.8–21.8 mya,
Fig. 2). Within that time period, the divergence of C.
cochranae from its sister clade of Southern American C.
multiventris, C. laurenti and C. foveatus was inferred to
be 9.5 mya (95% HPD: 6.6–12.4 mya) while Chironius
sp. nov. from Trinidad and C. flavopictus from Ecuador
were inferred to have separated in the Miocene, 4.2 mya
(95% HPD: 1.7–7.3 mya).

Taxonomic implications
Three species of Coluber (i.e., C. carinatus, C. exoletus
and C. fuscus) described by Linnaeus (1758) are still con-
sidered valid and are now placed in the genus Chironius.
A fourth species, C. saturninus is in the synonymy of C.
fuscus. Fitzinger (1826) designated Coluber carinatus as
the type species for his genus Chironius. Ten species of
Chironius had been named by 1827 by Linnaeus, Wied,
Wagler and Boï�e, assigned to the genera Coluber
(Linnaeus, 1758 and Wied-Neuwied, 1820), Natrix
(Wagler, 1824), Chironius (Fitzinger, 1826) and
Erpetodryas (Boie, 1827). By 1830, Wagler was referring
to Erpedoryas as Herpetodryas (an emendation) The new
spelling was widely used by Schlegel (1837),
Lichtenstein (1856), Jan (1863), Jan and Sordelli (1869),
and by Cope in multiple papers between 1860 and 1893.
Boulenger (1894) created more confusion with
Herpetodryas (¼ Chironius) by placing several names in
the synonymy. However, other late 19th and early 20th
century European and America herpetologists perpetuated
the use of Herpetodryas. No one had assigned a type spe-
cies for the genus Erpetodryas or Herpetodryas until
Montingelli et al. (2011) assigned Herpetodryas reticu-
lata Peters, 1863, as revalidated and assigned as a junior
synonymy of the genus Mastigodryas.
In the 1890s F. W. Urich and R. R. Mole collected

Trinidad reptiles, particularly snakes. At that time, any
literature on snakes was unavailable on Trinidad.

Fig. 2. Divergence time estimates from representative Chironius samples. Inference was based on the combined mtDNA and nDNA
data (5229 bp). Red dots indicate mean divergence data. Plio. ¼ Pliocene; Plei. ¼ Pleistocene. Insert is Chironius cochranae from
southern Trinidad north of Moruga, photograph by Rainer N. Deo.
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Therefore, they sent specimens to O. Boettger at the
Senckenberg Museum in Frankfurt and G. A. Boulenger
at the British Museum of Natural History in London. In
their 1894 checklist Mole and Urich included the new
descriptions of a frog and gecko from Trinidad written
by Boettger. And, he provided names to apply to two
species of Chironius previously described. Herpetodryas
carinatus, Linnaeus, 1758, which had 12 mid-dorsal
scales rows, 165 ventrals, a divided anal plate and 93
subcaudals, and Herpetodryas macrophthalmus Jan,
1863, which had 12 mid-dorsal scale rows, 173 ventrals,
a divided anal plate and 171 subcaudals. Mole and
Urich (1894b) listed the species as Herpetodryas macro-
phthalma Jan and considered it to be a variety of
Herpetodryas carinatus. Wallach et al. (2014) consid-
ered Jan’s Herpetodryas macrophthalma to be a nomen
nudum as Jan (1863: 80) stated that the species occurs
in Brazil but provides no other details. Mole’s (1924)
detailed survey of Trinidad snakes mentioned one spe-
cies of Chironius, H. carinatus. In a paper on the ecol-
ogy of the Arima Valley, Beebe (1952) listed only
Chironius carinatus as present in Trinidad’s Arima
Valley. Wehekind (1955), Emsley (1977) and Murphy
(1997) also listed only C. carinatus as present on the
island.
The confusion over the identity of Trinidad Chironius

becomes apparent and unsurprising when you consider
how similar the snakes involved are. Examining speci-
mens and published accounts does not easily resolve the
confusion. For example, data presented in Dixon et al.
(1993) accounts for C. m. septentrionalis include data
from Trinidad (and probably Venezuela), C. cochranae,
and their account for Carinatus carinatus carinatus
includes data from Trinidad and British Guiana. Dixon
et al. (1993:177–8) stated that C. m. septentrionalis
specimens from Trinidad and extreme northwestern
Venezuela were more like C. m. cochranae because
they inhabited rainforests instead of cloud forests; con-
sistently had fewer than 175 ventrals versus more than
177 ventrals in C. m. cochranae; the tail had yellow
subcaudals and a brown dorsum extending to the tips of
the subcaudals, producing a straight ventrolateral line of
contrasting colours usually present in C. m. cochranae;
they have a high incidence (76.9%) of one apical pit on
dorsal scales just behind the head; a high incidence
(64.2%) of three postocular scales and a 35.8% inci-
dence of two postoculars (northern Venezuelan speci-
mens have a 100% incidence of two postoculars). In
this study, our phylogenetic analyses (Figs 1, 2) confirm
their identities as C. cochranae and a novel taxon and
we hope to clarify this confusion by describing both
below.

Chironius cochranae Hoge and Romano 1969
Herpetodryas macrophthalmus – Mole and Urich,

1894b: 518.
Chironius carinatus–Beebe, 1946: 21.

Chironius multiventris cochranae Hoge and Romano,
1969: 93. Type locality: Agua Preta, Estado Par�a,

Brazil. Abuys, 1982: 243. Holotype USNM 158103 (not
1581103 as reported in original description) from Agua

Prete Utinga (near Belem) State Para, Brazil. The
holotype is a male collected by E. Dente on 19 July

1965 (Fig. 3).
Chironius multiventris septentrionalis–Boos, 2001: 120.

Chironius cochranae–Hollis, 2006: 445.

Chironius cochranae was described from a holotype
from northeastern Brazil, near Bel�em and paratypes
from Guyana and Suriname. However, one of the para-
types (AMNH 6801 from Guyana) was later found to be
C. exoletus by Dixon et al. (1993). Abuys (1982) recog-
nized C. cochranae as a subspecies of C. multiventris.
This was followed by Dixon et al. (1993), who recog-
nized four subspecies using morphology within C. multi-
ventris: C. m. cochranae, C. m. foveatus, C. m.
multiventris and C. m. septentrionalis. Dixon et al.
(1993) assigned specimens from northeastern Brazil,
Guyana and Suriname to C. m. cochranae. A phylogen-
etic analysis based upon Chironius morphological data
provided by Dixon et al. (1993) was used as the basis
for resurrecting C. cochranae (Hollis, 2006). Klaczko
et al. (2014) synonymized C. cochranae with C. multi-
ventris based on morphology, but the holotype of
C. cochranae was not included in their study, nor were
specimens from the type locality, nor any specimen
from Guyana or Suriname. Torres-Carvajal et al. (2019)
provided a phylogeny of Chironius using molecular data
and their results strongly supported Guyana and
Suriname specimens of C. multiventris as distinct

Fig. 3. Holotype of Chironius carinatus Linne 1758, NRM 33.
Photograph taken from the Museum Adolphi Friderici
collection of the Swedish Museum of Natural History.
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species. Our tree strongly supports C. cochranae as a
valid species present on Trinidad (Fig. 1). Therefore, we
remove C. cochranae from the synonymy of C. multi-
ventris and return it to species status.

Diagnosis. Chironius cochranae can be distinguished
from its congeners by the following characteristics: (1)
dorsal scale row arrangement is 12-12-10 in females,
12-12-8 in males (Fig. 4); (2) preocular single; (3) post-
oculars, two; (4) loreal present, single, rectangular; (5)
temporals 1þ 2; (6) supralabials 9, with fifth and six or
four-six bordering orbit; (7) 10 lower labials, with first

six in contact with chin shields; (8) ventrals 163–173
Trinidad (mainland 178–196) both sexes (9) paired sub-
caudals 156–172 both sexes, Trinidad (mainland 180–
199) both sexes; (10) juveniles brown with subtle trans-
verse bands and a pale vertebral stripe; (11) adults dark
blue-grey to black, first dorsal scale row olive-green
with a dull yellow smudge; (12) vertebral stripe present
between the keels on the paravertebral scales; (13)
apical pits large and prominent on dorsal scales behind
the head, and on the paravertebral scales and adjacent
scales; (14) the first row of dorsal scales are quadrangu-
lar. Pale crossbands may be present on the otherwise
brown dorsum of the anterior body in juveniles (Fig. 5).

Comparisons. Chironius cochranae has 12 scale rows
at midbody, distinguishing it from C. challenger, C. leu-
cometapus, C. fuscus and C. scurrulus; all of which
have 10 rows of scales at midbody. Chironius cochra-
nae has a divided anal plate that distinguishes it from
C. diamentia, C. exoletus, C. leucometapus, C. laevicol-
lis, C. monticola and C. multiventris all of which have a
single anal plate. Chironius cochranae has apical pits on
some scales, which separates it from C. gouveai, and
C. quadracarinatus that have no apical pits. Chironius
cochranae has a vertebral stripe, which separates it from
C. flavopictus, C. grandisquamis, C. maculoventris and
C. vincenti which have no vertebral stripe. Chironius
cochranae has three upper labials contacting the loreal
which distinguishes it from C. bicarinatus, C. brazili,
C. carinatus, C. flavolineatus, C. foveatus, and C. spixii
and C. nigelnoriegai sp. nov. which have two upper
labials contacting the loreal. The ventrals have no black
edges (they do in C. nigelnoriegai sp. nov.), but the
subcaudals have black on the midline suture.

Fig. 4. Chironius cochranae (top) an adult from Petite Tacarib,
Trinidad (photograph by Rainer N. Deo); (middle) defensive
posture from Mt. Hololo, Trinidad (photograph by Adam Fifi);
(bottom) an adult is sleeping high in a tree (photograph by
Rainer N. Deo).

Fig. 5. Comparison of hatchlings. A. Chironius cochranae
from Morne Bleu Ridge, Trinidad. B. Chironius nigelnoriegai
from the Arima Valley. Note the difference in the size of the
eyes. Photographs by JCM.
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Habitat. A species inhabiting tropical evergreen rainfor-
est on Trinidad (unknown from Tobago), eastern
Venezuela, Guiana, Suriname, French Guiana and north-
east Brazil.

Etymology. Named after Doris Cochran, USNM
Curator.

Natural history. Beebe (1946) considered this species
to be Chironius carinatus at his Kartabo, British
Guyana study site (noting it was not present at the
Caripito, Venezuelan study site). He considered this an
arboreal snake but reported that about half his speci-
mens were collected on the ground. Beebe (1946) also
reported a 2.85m specimen, making it one of the lon-
gest colubrid snakes. Hoogmoed and Avila-Pires (1991)
reported this species as C. multiventris from secondary
forests in French Guiana (Hoogmoed & Avila-Pires,
1991). Diet includes Boana boans (formerly Hyla max-
imum), Leptodactylus sp. and nestling antbirds (Beebe,
1946; Murphy et al., 2018).

Chironius nigelnoriegai sp. nov.
Coluber carinatus Linnaeus 1758: 223.

Coluber (Chironius) Donndorff 1798: 209.
Natrix carinatus–Merrem 1820: 120.

Chironius carinatus–Fitzinger 1826: 31, 60; Ruthven
1922: 65; Amaral 1925: 4; Beebe 1946: 21; Duellman
1978: 231; Roze 1966: 93; Gorzula & Se~naris 1999:
162; Savage 2002: 648; Wallach et al. 2014: 159;

Nogueira et al. 2019.
Herpetodryas carinatus–Wagler 1830: 180; Boulenger
1886: 433; Boulenger 1894: 73; Barbour & Cole 1906:

152; Barbour 1915: 77.
Herpetodryas fuscus Reinhardt and L€utken 1862: 10.
Herpetodryas carinatus–Wagler 1830: 180; Mole and
Urich 1894a: 85; Mole and Urich 1894b: 518; Mole

1924: 246.
Herpetodryas carinatus var. carinatissima Jan and Sordelli

1869: 31, plate 2 (nomen oblitum).
Herpetodryas carinatus var. decalepis Jan and Sordelli

1869: 31, plate 2 (nomen dubium).
Herpetodryas carinatus var. glabra Jan and Sordelli

1869: 31, plate 2 (nomen dubium).
Herpetodryas carinatus var. macrophthalma Jan and
Sordelli 1869: 31, plate 2 (nomen dubium) (Fig. 6).

Erpetodryas sexcarinatus—Fowler 1913: 171.
Chironius carinatus Wehekind L. 1960:73; Emsley,
1977: 239; Murphy 1997: 168; Murphy et al. 2018.
Chironius carinatus carinatus–Dixon et al. 1993: 73;

Boos 2001: 119.

Type specimens. Holotype.–CAS 231765 (field number
PGF 364), collected on 18 July 2004 by R. Lawson,
P.G. Frank, and P.J. Frank, an adult female from Nariva
Road, Manzanilla Beach (georeferenced, 10�29’25.6”N,
61�03’16.8”W), Trinidad (Fig. 7). The same information
is also provided for the designated paratype CAS
231764 (PGF 363).

Common name. Proposed standard English name:
Trinidadian Sipo.

ZooBank. urn:lsid:zoobank.org:act:885B39C1-6D7A-
4E81-8B32-6DF530648378.

Diagnosis. A dark olive green to black Chironius with
heavily keeled paravertebral scales that form a double
ridge (less noticeable in females) (Fig. 8). The edges of
the scales between the ridges alternate yellow or cream
spots that appear as a stripe from a distance. The verte-
bral stripe fades anterior to the cloaca; the upper eight
labials are primarily yellow. The first row of dorsal
scales are bright yellow to yellow-green; this colouration
extends onto rows two and three in some specimens; the
first row of scales on the tail have a bright yellow spot
on each scale; the posterior edge of each ventral is
trimmed with dark pigment; ventrals 156–167 (Dixon
et al. 1993 reported 146–167 in C. c. carinatus), subcau-
dals 127–135 (Dixon et al. 1993 reported 108–145
which is strikingly fewer than C. cochranae, Table 2);
upper labials 4þ 5 or 5þ 6 border the orbit; usually two
postoculars; six lower labials contact each chin shield
(Fig. 9). The dorsal scale row arrangement is 12-12-8 in
males and 12-12-10 in females. Anterior dorsal scale
rows 2–5 have a single apical pit. The dorsal scales in
this species are ovate and about as tall as they are long
(in C. cochranae they are longer than they are tall).

Comparisons. Chironius nigelnoriegai has 12 scale
rows at mid body that will distinguish it from the fol-
lowing species with 10 scale rows at midbody: C. chal-
lenger, C. fuscus, C. leucometapus and C. scurrulus.
Chironius nigelnoriegai has a divided anal plate that
will distinguish it from C. diamentia, C. exoletus,
C. laevicollis, C. leucometapus, C. monticola and
C. multiventris all of which have a single anal plate.
Chironius nigelnoriegai has apical pits on some scales,
which separates it from C. gouveai and C. quadracari-
natus that have no apical pits. Chironius nigelnoriegai
has a vertebral stripe, which separates it from C. flavo-
pictus, C. grandisquamis, C. maculoventris and C. vin-
centi, which have no vertebral stripe. Chironius
nigelnoriegai has two upper labials contacting the loreal
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Fig. 6. Illustration of Herpetodryas carinatus reproduced from Jan and Sordelli (1869).
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which distinguishes it from C. bicarinatus, C. brazili, C
carinatus, C. flavolineatus, C. foveatus and C. spixii.
Chironius nigelnoriegai has two upper labials contacting
the loreal which will separate it from the following species
which have three upper labials at the loreal: C. brazili,
C. carinatus, C. cochranae, C. exoletus, C. gouveai, C.
grandisquamis, C. laurenti, C. maculoventris, C. multivent-
ris, C. quadracarinatus, C. septentrionalis and C. spixii.

Description of holotype. Adult female (Fig. 7); total
length 1721mm; SVL 1175mm; tail length 546mm

(31.73% of total length); head length 42.03mm; head
width 24.18mm; interorbital distance 16.89mm; head
notably wider than neck, narrow anteriorly, slightly tri-
angular in dorsal view; snout round in dorsal and lateral
views; rostral broader than long, 7.25mm wide,
5.20mm tall, visible from above; internasals square
shaped, 5.09mm long, 4.71mm wide, smaller than pre-
frontals, in contact with nasals; prefrontals 4.91mm
long, 6.21mm wide, extend down to loreal, separated
from eye by supraocular and preocular; supraocular
10.18mm long, 5.25mm wide; frontal bell-shaped,
9.71mm long, 8.20mm wide; nasal divided; nostril
located between prenasal and postnasal; loreal 4.59mm
long, 2.16mm high; eye large, diameter 7.41mm long;
round pupil; parietal 11.00mm long, 8.45mm wide; two
postoculars; nine supralabial scales, with fifth and sixth
in contact with orbit; eight largest, first contacting nasal,
second contacting nasal and loreal, third and fourth also
contacting loreal while fourth and fifth contact the pre-
ocular, sixth and seventh in contact with postocular, sev-
enth to ninth in contact with temporals; 10 infralabials,
with first to sixth (seventh on left) in contact with chin
shield; two gular scale rows; two preventral scale rows;
12-12-8 dorsal scale row arrangement with the top two
dorsal scale rows being strongly keeled and no keel on
remainder; anal plate divided; 161 entire ventral scales;
127 divided subcaudal scales with pointed terminal
scute.

Etymology. The specific epithet, nigelnoriegai is a pat-
ronym honouring Dr Nigel Noriega, an integrative
biologist who now operates Sustainable Innovation

Fig. 7. From top to bottom: Dorsal whole specimen, top of
head, right profile, bottom of head, and ventral whole specimen
views of the holotype of Chironius nigelnoriegai (CAS
231765). Scale bars equal 1 cm.

Fig. 8. Chironius nigelnoriegai adult in-life from Manzanilla,
Trinidad. Photographs by Adam Fifi.
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Initiatives, an organization focused on enabling eco-
logically regenerative economies in Trinidad and the
southern Caribbean.

Natural history. This forest and forest-edge species
spends time in the canopy, understorey and leaf litter. It
is active during the day and sleeps off the ground. It
will use riparian habitats but is not restricted to them.
Wehekind (1955: 11) wrote that it feeds principally on
frogs, but suggested it will take mice and birds.
However, before that Mole (1924: 246) found that cap-
tives would eat only frogs. All currently recognized spe-
cies of Chironius are known to eat anurans while four
species are known to eat birds, seven are known to feed
on lizards and two are known to feed on rodents

(Roberto & Souza, 2020). The literature indicates that
typically frogs compose the bulk of the diet of these
snakes (Beebe, 1946; Brongersma, 1956; Test et al.,
1966). Roberto and Souza (2020) suggest that Chironius
may specialize on specific kinds of frogs, unfortunately,
more data are needed to test that. On Trinidad, clutch
sizes of four and five eggs were reported by Mole and
Urich (1894b), Mole (1924) and Test et al. (1966).

Discussion
Our phylogenetic reconstruction is congruent with most
relationships published in other studies, though the prior
works do not include all of the taxa that we sampled.
For instance, C. grandisquamis is typically found

Table 2. Morphological comparison of Chironius nigelnoriegai sp. nov. and C. cochranae. Values for
C. cochranae derived from Dixon et al. (1993).

Traits C. nigelnoriegai sp. nov. C. cochranae

Male ventrals 146–161 x¼ 153.8 178–196 x¼ 187.5
Female ventrals 150–167 x¼ 158.7 182–190 x¼ 186.8
Male subcaudals 109–145 x¼ 122.8 180–197 x¼ 187.4
Female subcaudals 108–133 x¼ 117.9 190–199 x¼ 194.5
Dorsal scale rows 12-12-8 12-8-8 in males, 12-12-10 females
Snout shape blunt rounded
Rostral visible from above only the tip yes

Fig. 9. Head comparison. A–C Chironius cochranae CAS 231763. D–F Chironius nigelnoriegai CAS 231764. Photographs by JCM.
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outside a clade comprising most other species of
Chironius (Hamdan et al., 2017; Klaczko et al., 2014)
and we recover this species in a sister relationship with
C. challenger. We further recovered a clade of C. laevi-
collis and C. scurrulus that is also recovered in Hamdan
et al. (2017), Hollis (2006) and Klaczko et al. (2014),
though our clade includes C. leucometapus that together
are sister to C. fuscus. Thirdly, our sister relationships
between C. brazili and C. diamantina and C. bicarinatus
and C. gouveai which together formed a clade with
C. flavolineatus that were sister to the remaining
Chironius taxa concur with Entiauspe-Neto et al. (2020)
and Hamdan et al. (2017), though C. gouveai was not
yet described in 2017. Although C. brazili, C. diaman-
tina and C. gouveai were not sampled by Hollis (2006)
or Klaczko et al. (2014), C. bicarinatus and C. flavoli-
neatus were part of a basal split from the remaining
Chironius taxa in their analyses. Next we recovered the
C. multiventris complex that includes C. foveatus and
C. laurenti (Hamdan et al., 2017; Hollis, 2006; Klaczko
et al., 2014). This complex was sister to the South
American taxon C. cochranae to which our Trinidadian
“C. septentrionalis” belongs. Finally, we recover
C. nigelnoriegai as sister to C. flavopictus. This clade is
sister to a clade of C. exoletus, C. quadricarinatus and
C. carinatus/C. maculoventris, while all of these species
are sister to C. monticola. These species and relation-
ships are often but not exactly associated with each
other in Hamdan et al. (2017), Hollis (2006) and
Klaczko et al. (2014).
This close relationship among the taxa are in agree-

ment with Dixon et al. (1993) and Hollis (2006) but this
placement is at odds with the description of C. vincenti
by Klaczko et al. (2014) that recovered C. vincenti as a
sister species to a clade formed by C. bicarinatus and
C. flavolineatus.
In recent years, genetic sequencing of many snakes in

Trinidad and Tobago has resulted in the identification of
cryptic lineages in the region with the subsequent
description of new species. The high snake diversity of
Trinidad is partly a reflection of Trinidad having been
connected to the mainland until its separation approxi-
mately 4 mya (Murphy et al., 2023). Since then multiple
colonization events have occurred from the proximal
Paria Peninsula in Northern Venezuela, as well as from
other mainland regions such as the Guianas (Murphy
et al., 2023; Rivas et al., 2021). Snake colonization
events have been intrinsically linked to the changing
topographic conditions in the region during multiple gla-
cial periods when the shallow marine depths resulted in
the connection of Northern Venezuela and Trinidad
(Jowers et al., 2019, 2020, 2021; Murphy et al., 2016,
2018, 2019; Rivas et al., 2021).

Our time tree recovers an Early Miocene origin for
Chironius, at approximately 19.9 million years ago (95%
HPD: 17.8–21.8 mya; Fig. 2). The two Chironius on
Trinidad are distantly related on the phylogenetic tree and
likely differ in their ancestral origins and colonization
routes. More specifically, the sister-group relationship
between C. nigelnoriegai sp. nov. from Trinidad and C.
flavopictus from Ecuador may have resulted in a coloniza-
tion event from the west, as has been observed in other
Trinidad and Tobago snakes with western origins (Murphy
et al., 2023). These two species appear to have diverged
in the Miocene (4.2 mya 95% HPD: 1.7–7.3 mya), an
estimate congruent with Trinidad’s detachment from the
mainland (Murphy et al., 2023) and suggesting a vicariant
speciation event. Chironius cochranae on the other hand
is composed of populations from Suriname (YPM16079
and YPM16080), Guyana (IRSNB18032, ROM 22844),
Trinidad and Venezuela (Paria Peninsula) and is sister to a
clade of South American C. foveatus, C. laurenti and C.
multiventris with a divergence between clades dating to
9.5 mya (95% HPD: 6.6–12.4 mya). The clade composed
by the two Trinidad and Paria Peninsula individuals of C.
cochranae reflect recent gene flow in the region (Fig. 1)
suggesting very recent colonization. This pattern of colon-
ization from north-western Venezuela has been discovered
in several Trinidad species, for example Atractus trilinea-
tus (Murphy et al., 2019), Oxybelis rutherfordi (Jadin
et al., 2020) and Tantilla melanocephala (Jowers et al.,
2020). Similarly, this is not the first time that more than
one Trinidadian species belonging to the same genus have
colonized at different times from the north-west or the
south-east of the mainland. Examples are the New World
Coral Snakes Micrurus (Jowers et al., 2019) and the
microhylid frogs Elachistocleis (Jowers et al., 2021) with
very similar biogeographic patterns as shown here.
Finding a distinct island species of Chironius is not unpre-
cedented because C. vincenti (Boulenger, 1891) is endemic
to the island of St. Vincent (Henderson & Powell, 1996).
Furthermore, the recent number of additions to the
Trinidad fauna and name changes within the island’s her-
petofauna suggests that further unrecognized endemic spe-
cies remain to be described (Murphy et al., 2018; Murphy
& Downie, 2012).
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Appendix. Specimens examined

Chironius cochranae: TRINIDAD & TOBAGO:
Trinidad: Nariva Road, Manzanilla Beach (CAS
231763, 10�29’25.6”N, 61�03’16.8”W).
Chironius flavopictus: COLOMBIA: Choco:

Quebrada Taparral, about 20 km N. of Palestina, on Rio
San Juan (CAS 119918, 4.3135638889�N,
77.0340472222�W); ECUADOR: Pastaza: Pastaza
River, Canelos to Mara~n�on River (MCZ R-36957 &
36958, 2.5721330�S, 76.744895�W); Ecuador: Zamora:
vicinity Rio Zamora (CAS 94094, 4.069167�S,
78.956665�W); PANAMA: Colon: Ciricito (CAS 71424,
9.0027083�N, 80.074578�W); PERU: Jun�ın:
Chanchamayo: Hacienda Naranjal (MCZ R-45924,
11.134803�S, 75.405326�W); Jun�ın: (MCZ 42441,
11.086747�S, 75.135437�W).
Chironius nigelnoriegai sp. nov.: TRINIDAD &

TOBAGO: Trinidad: Nariva Road, Manzanilla Beach
(CAS 231765 [holotype] & CAS 231764 [paratype],
10�29’25.6”N, 61�03’16.8”W).

Rectifying a century of misidentifications 15

https://doi.org/10.1655/D-18-00043
https://doi.org/10.1655/D-18-00043
https://doi.org/10.2994/SAJH-D-19-00120.1
https://doi.org/10.2994/SAJH-D-19-00120.1
https://doi.org/10.1093/sysbio/syy032
https://doi.org/10.1371/journal.pone.0246829
https://doi.org/10.1371/journal.pone.0246829
https://doi.org/10.1163/26660644-02201011
https://doi.org/10.1163/26660644-02201011
https://doi.org/10.1016/j.ympev.2018.10.022
https://doi.org/10.1016/j.ympev.2018.10.022
https://doi.org/10.1186/s12862-020-01609-4
https://doi.org/10.1016/j.ympev.2015.10.009
https://doi.org/10.1016/j.ympev.2015.10.009

	Rectifying a century of misidentifications: a taxonomic re-evaluation of sipo snakes (Colubridae: Chironius) on Trinidad
	Abstract
	Introduction
	Materials and methods
	Morphological data
	DNA sequencing and alignment
	Phylogenetic analyses
	Divergence time estimation

	Results
	Phylogenetic analysis
	Divergence times
	Taxonomic implications
	Diagnosis
	Comparisons
	Habitat
	Etymology
	Natural history
	Type specimens
	Common name
	Diagnosis
	Comparisons
	Description of holotype
	Etymology
	Natural history


	Discussion
	Acknowledgements
	Disclosure statement
	Supplemental material
	Orcid
	References
	mkchaps1TSAB__sec


