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Abstract

Tiger beetles are a popular group of insects amongst amateur naturalists, and are well-rep-
resented in museum and private collections. New species descriptions plateaued in the 19"
century, but there is a recent resurgence of discoveries as integrative taxonomy methods,
guided by molecular systematics, uncover “cryptic” tiger beetle diversity. In this paper, we
describe a new species using multiple data types. This new species, Eunota mecocheila
Duran and Roman n. sp., is in the tribe Cicindelini, and is described from specimens col-
lected in saline muddy ditches in northern Mexico. This species is closely related to E. cir-
cumpicta (LaFerté-Sénectere, 1841), but is separated based on morphological differences,
geographic range, and genetic differentiation. Little is known about the biology or distribution
of this species and it has only been collected from two sites in the state of Coahuila. Given
the location of this new species, and its genetic divergence from its closest relative, E. cir-
cumpicta, we discuss the historical biogeography that may have led to isolation and specia-
tion. The male and female dorsal, lateral and frontal habitus and the male aedeagus are
shown.

Introduction

Tiger beetles are one of the most studied groups of non-pest insects [1, 2] and have been used
as models organisms in conservation biology and biodiversity assessments [3, 4]. Most of the
fauna of North America had been described by the mid-1800s and by the latter half of the
1900s it appeared as if nearly all of the diversity had been discovered and named [5]. Species
delineations had been based nearly exclusively on morphological characters for the vast major-
ity of taxa, with lesser reliance on ecological or other characters. However, in recent years, taxa
have been delineated and described through the integration of traditional morphology, molec-
ular data and/or life history [5-9]. This has led to the discovery of ‘cryptic species’; that is, spe-
cies that are distinct evolutionary units, but had gone undetected due to physical similarity
with closely related species.
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The New World tiger beetle genus Eunota Rivalier, 1954 includes approximately a dozen
described species [10] and is distributed from the southern United States south to Brazil,
reaching its highest diversity in northern Mexico. Recently, the taxonomy of this group was
revised using molecular, morphological and life history data [11] and involved the transferal of
nearly a dozen North American species of Habroscelimorpha Dokhtouroff, 1883 to the histori-
cally monotypic Eunota. Members of the genus are active both diurnally and nocturnally and
are typically found in open or sparsely vegetated muddy or sandy saline habitats. Most species
in the genus are allopatrically distributed and do not overlap with putative close relatives [12].
Two exceptions are E. severa (LaFerté-Sénectére, 1841) and E. togata (LaFerté-Sénectére,
1841), which overlap with each other as well as with coastal populations of E. circumpicta.

Herein we describe E. mecocheila n. sp., known only from saline muddy ditches in two
localities within the northern Mexican state of Coahuila (Fig 1), using morphological charac-
ters and a mitochondrial DNA genealogy. Due to the species apparently isolated allopatric dis-
tribution, we discuss possible historic biogeographical scenarios that may have led to its
speciation from E. circumpicta. This single species description is being published at the present
time because the new taxon occupies a distinctive habitat in a restricted geographic area near
to areas undergoing land development. This is a taxon of potential conservation concern.

Fig 1. Distribution of E. mecocheila n. sp. known localities (blue stars) in Mexico. Also shown are proximate localities for E. circumpicta johnsonii (orange triangles)
and E. circumpicta circumpicta (orange circles). Shading corresponds to elevation. Darker areas are at higher elevation.

https://doi.org/10.1371/journal.pone.0257108.g001

PLOS ONE | https://doi.org/10.1371/journal.pone.0257108  October 13, 2021 2/13


https://doi.org/10.1371/journal.pone.0257108.g001
https://doi.org/10.1371/journal.pone.0257108

PLOS ONE

Description of a new tiger beetle identified using morphology, phylogenetics and biogeography

Materials and methods
Ethics statement

Samples were taken along roadsides on public lands in Mexico in 1992 and 1994. The collec-
tors had contacted Dr. Harry Brailovsky Alperowitz at the National Autonomous University of
Mexico (UNAM) and he supported the collection efforts and provided written permission to
local authorities in Coahuila. The holotype of E. mecocheila will be deposited in the Mexican
national collection.

Specimen collection and morphological analyses

Specimens of a putatively undescribed Eunota similar to E. circumpicta johnsonii were collected
by Ronald L. Huber, John A. Shetterly, David Brzoska and John Stamatov during a 1992 trip to
Mexico. Additional specimens were collected by the second author and Walter N. Johnson dur-
ing a 1994 trip to Mexico at a second locality in Coahuila. Type material is deposited in the fol-
lowing institutional and private collections (acronyms used in the text are in parentheses):
National Insect Collection of Mexico (CNIN), National Museum of Natural History, Smithso-
nian Institution, Washington, DC, USA (NMNH), Collection of Ronald L. Huber, Blooming-
ton, MN (RLHC), Collection of Walter N. Johnson, MN (WNJC) and Collection of Stephen J.
Roman (SJRC), Collection of John A. Shetterly (JASC), Collection of Daniel P. Duran (DPDC).

A total of 18 specimens were available to be examined for morphological characters. Body
measurements follow Duran and Moravec [13]. The total body length excludes the labrum and is
measured as the distance from the anterior margin of the clypeus to the elytral apex, including the
sutural spine. The width of the pronotum is measured to include the lateral margins of the proe-
pisterna. The width of the head is measured as the distance between the outer margins of the eyes.

Images were captured by means of a Canon EOS 1D Mark IV camera with a Canon 100mm
macro lens. Images were montaged and edited with Adobe Photoshop CS6. Scale bars and
measurements were calibrated with an ocular micrometer on Olympus SZ61 and SZX7 micro-
scopes. The final digital images were processed with Adobe Photoshop CSé.

Mitochondrial genealogical analyses

To address the placement of E. mecocheila within the genus Eunota, we generated an mtDNA
genealogy. Although mtDNA can have limitations for phylogenetic inference due to hybridiza-
tion and introgression between closely related species [9, 14, 15], this is unlikely to be a prob-
lem for Eunota as closely related species and subspecies are allopatric. Two specimens of the
new species were sampled along with several representatives of the putative closest relative, E.
circumpicta, encompassing the geographically proximate E. c. circumpicta and E. c. johnsonii
subspecies. E. fulgoris and E. praetextata were also sampled as they are known to be closely
related to E. circumpicta [16] and E. togata was chosen as the outgroup.

DNA extractions were performed on whole beetles in a non-destructive manner to preserve
specimens for morphological examination and as voucher specimens. Extractions were per-
formed using Qiagen DNeasy kits per the manufacturer’s protocol. A 457 bp region of the
mitochondrial genome of the cytochrome b gene (cytb) was amplified using the CB1 and CB2
primers [17]. This gene was chosen based on its short fragment length, making it more likely
to amplify for pinned specimens with degraded DNA. PCR conditions were as follows: 2 min
at 96°C followed by 10 cycles of denaturation at 96°C for 30 s, annealing at 46°C for 30 s and
extension at 72°C for 1 min, then followed by 30 cycles of denaturation at 96°C for 30's,
annealing at 48°C for 30 s and extension at 72°C for 1 min, with a final extension step at 72°C
for 5 min. PCR products were purified using either the Geneclean II Kit (BIO 101 Inc.) or the
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Millipore Multiscreen 96-well plates (Millipore, Billerica), and were sequenced using BigDye
chemistry and an ABI PRISM 3700 DNA Analyzer (Applied Biosystems). Fragments were
sequenced using both forward and reverse primers. Sequences were first edited manually,
aligned automatically and revised by eye using Geneious Prime 2021 (https://www.geneious.
com). For all individuals used in analyses, sequences for the entire 457 bp fragment were com-
plete. Sequences were deposited in the NCBI GenBank Database under the accession numbers
MZ404132—MZ404270.

We inferred phylogenetic relationships with IQ-TREE v. 2.0 [18]. Partitioning was based
on codon position and model selection was performed using ModelFinder in IQ-TREE by
specifying the command -MFP. With this command IQ-TREE selects from over a hundred
substitution models and chooses the best model using the Bayesian Information Criterion
(BIC) [19]. We then conducted 500 independent tree searches and the tree with the best maxi-
mum likelihood score was selected. For each of the 500 searches, we estimated nodal support
using 1000 ultrafast bootstraps (UFBoot) and 1000 SH-aLRT tests. We used the -bnni com-
mand to avoid severe model violation resulting in overestimation of nodal support when pre-
forming ultrafast bootstraps. Pairwise genetic distances between sequences were calculated
using DnaSP 6.12 [20].

Nomenclatural acts

The electronic edition of this article conforms to the requirements of the amended Interna-
tional Code of Zoological Nomenclature, and hence the new names contained herein are avail-
able under that Code from the electronic edition of this article. This published work and the
nomenclatural acts it contains have been registered in ZooBank, the online registration system
for the ICZN. The ZooBank LSIDs (Life Science Identifiers) can be resolved and the associated
information viewed through any standard web browser by appending the LSID to the prefix
“http://zoobank.org/”. The LSID for this publication is:

urn:lsid:zoobank.org:pub:2BA8SFFB2-A3E2-463A-B9F3-C2FE64AE3E80. The electronic
edition of this work was published in a journal with an ISSN, and has been archived and is
available from the following digital repositories: LOCKSS.

Results

Eunota mecocheila n. sp. possesses a longer labrum than E. circumpicta. Labral length to width
ratio for E. mecocheila is 0.55-0.7 for males, 0.55-0.65 for females; for E. circumpicta it is 0.35-
0.50 for males, 0.35-0.45 for females. Morphological measurements are listed in S1 Table.
Eunota mecocheila n. sp. exhibits maculation patterns and color variation that are most similar
to populations of E. c. johnsonii, but E. mecocheila is smaller at 10.2-12.0 mm total length,
mean length 11.0 mm, compared to 12.3-15.7 mm, mean length 13.1 mm for E. c. johnsonii.
In addition, the only known populations for E. mecocheila n. sp. are separated by more than
350 km from the nearest population of E. c. johnsonii.

The phylogenetic analysis recovered E. mecocheila n. sp. as sister clade to a monophyletic E.
circumpicta (Fig 2). The clade containing E. mecocheila + E. circumpicta was sister to E. ful-
goris. Statistical support for clades was high, with most nodes exhibiting UFBoot values above
95% and SH-aLRT values above 80%. E. mecocheila sequences were on average 3.3% divergent
from E. circumpicta.

Taxonomy

Eunota mecocheila Duran & Roman, n. sp. urn:lsid:zoobank.org:act:58 A8C88F-5CDC-
449F-9BB7-27EA820256BA
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E. togata TX: Hardin

E. californica CA: San Bernardino

E. praetextata AZ: Maricopa

E. fulgoris TX: Hudspeth

E. mecocheila n.sp. MEX: Coahuila

E. mecocheila n.sp. MEX: Coahuila

UFBoot 295 and SH-aLRT 280 @
UFBoot <95 or SH-aLRT <80 @ e
UFBoot <95 and SH-aLRT < 80 O

Fig 2. Maximum-likelihood mtDNA genealogy based on 457 bp of cytochrome b. Phylogeny inferred in IQ-TREE v.1.6.9 [18]. The root of the tree was placed
between E. togata and the rest of the taxa based on Gough et al. [16]. Shown are the species names for selected Eunota taxa. For E. circumpicta, subspecies are
indicated as well. Taxon names are followed by locality information. First are standard two-letter abbreviations for US states, with the exception of “MEX” for the
county of Mexico. These are followed by counties, with the exception of “Coahuila” for the northern Mexican state.

https://doi.org/10.1371/journal.pone.0257108.9002

Figs 3, 4A, 4B, 5 and 6A

Type material. HOLOTYPE: 1m#, 2.2 mi E Los Rodriguez / June 15, 1990 / Collector W.
N. Johnson (USNM). PARATYPES: 4m#, 5f#, 2.2 mi E Los Rodriguez / June 15, 1990 / Collec-
tor W.N. Johnson (WNJC). 2m#, 2f#, 2.2 mi E Los Rodriguez / June 15, 1990 / Collector S.J.
Roman (SJRC). 1m#, 2 mi S. Las Hermanas, Rio Salado / 17-VII-1991 / Collector J.A. Shetterly
(JASC). Im#, 2 mi S. Las Hermanas, Rio Salado / 24-VII-1988 / Collector R.L. Huber (RLHC).
All type specimens labelled: HOLOTYPE or PARATYPE, respectively.

Diagnosis. Eunota mecocheila n. sp. (Figs 3, 4A, 4B, 5 and 6A) can be distinguished from
all other Eunota by the following combination of characters. This species has a labrum that is
more than half as long as it is wide (0.55-0.70, mean = 0.60) with a rounded convex shape (Fig
4A and 4B), body size is 10.2-12.0 mm, mean = 11.0, and lacks setae on the frons, genae and
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Fig 3. Dorsal habitus of E. mecocheila n. sp. holotype (male) and a paratype (female), respectively.
https://doi.org/10.1371/journal.pone.0257108.9g003

clypeus. The only species that could be confused with E. mecocheila n. sp. are E. circumpicta
and E. togata. Eunota circumpicta maculations are similar to E. mecocheila n. sp. (especially E.
c. johnsonii) but E. circumpicta has a shorter labrum (0.35-0.50) with a less convex shape (Fig
4C and 4D). In addition, E. circumpicta are larger at 12.3-15.7 mm, mean = 13.1. Eunota
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Fig 4. Frontal habitus A) E. mecocheila n. sp. male, B) E. mecocheila n. sp. female, C) E. circumpicta johnsonii male, D)
E. circumpicta johnsonii female.

https://doi.org/10.1371/journal.pone.0257108.9004

togata possesses dense decumbent white setae on the frons, genae and clypeus, unlike E. meco-
cheila which lacks setae in those areas.

Description. Small-sized Eunota. Body (Figs 3 and 5) length 10.2-12.0 mm, mean f# 11.4
mm, mean m# 10.6 mm. Head (Fig 4A and 4B) noticeably wider than pronotum due to large
eyes, width 2.8-3.5 mm, mean f# 3.3 mm, mean m# 2.9 mm, head variable in color, typically
blue-green, similarly colored throughout and with color similar to the pronotum; all head por-
tions glabrous except for two supraorbital setae next to each eye. Frons slightly convex in
median area, clearly delimited from clypeus, gradually blending into vertex. Frons surface with
distinct longitudinal striae especially in lateral areas bordering eyes, vermiculate-striate in
median area. Genae bright polished with deep longitudinal striae abruptly ending at border of
vertex. Clypeus irregularly wrinkled to finely vermiculate. Labrum typically with 6-8 setae,
ochre-yellow to pale yellow with thin dark brown to black border; male labrum weakly triden-
tate, somewhat convex, length 0.7-1.1 mm, width 1.3-1.6 mm; female labrum weakly triden-
tate or unidentate in some specimens, somewhat convex, length 0.8-1.1 mm, width 1.4-1.9
mm. Mandibles medium-sized, ochraceous, dark testaceous along edges. Maxillary palpi
mostly yellow with metallic reflections, apical segment dark shiny metallic green to purple.
Labial palpi ivory to pale yellow, apical segment dark metallic green to violet. Antennae of nor-
mal length, reaching humerus to basal third of elytron in female, to middle of elytra in male;
scape with a single subapical seta; pedicel lacking any setae; flagellum antennomeres 3-4 dark
metallic and similar in color to rest of head with ring of apical setae and additional sparse setae
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Fig 5. Lateral habitus of E. mecocheila n. sp. male (top) and E. mecocheila n. sp. female (bottom).

https://doi.org/10.1371/journal.pone.0257108.g005

throughout, antennomeres 5-11 ochre-brown, dull-textured without metallic reflections and
possessing erect setae in apical rings only, covered with fine pubescence throughout.

Pronotum (Fig 3) 1.6-2.4 mm wide, mean f# 2.2 mm, mean m# 2.0 mm, length 2.1-2.6
mm, mean f# 2.5 mm, mean m# 2.2 mm, width to length ratio 0.55-0.70, slightly polished with
metallic finish, color variable but matching head; sparse white decumbent setae present along
marginal areas of dorsal surface, some individuals with additional white decumbent setae pres-
ent along anterior and posterior margins; disc finely rugose to vermiculate with thin but dis-
tinct median line and strongly impressed anterior and posterior sulci; notopleural sutures
clearly defined, not visible from dorsal view; proepisternum (Fig 5) with decumbent white
setae densely covering nearly the entire surface; all other ventral segments of thorax dark testa-
ceous with metallic reflections, lateral areas covered in setae, median areas glabrous.
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Fig 6. Aedeagus of A) E. mecocheila n. sp. male, B) E. circumpicta johnsonii male.

https:/doi.org/10.1371/journal.pone.0257108.9g006

PLOS ONE | https://doi.org/10.1371/journal.pone.0257108  October 13, 2021 9/13


https://doi.org/10.1371/journal.pone.0257108.g006
https://doi.org/10.1371/journal.pone.0257108

PLOS ONE

Description of a new tiger beetle identified using morphology, phylogenetics and biogeography

Elytra (Fig 3) elongate, 6.6-7.8 mm length, mean f# 7.5 mm, mean m# 6.9 mm, shape simi-
lar in both sexes, but slightly wider in female, especially toward apical third; sutural spine
small, fine microserrations present on elytral apices; elytra color variable, typically green-blue,
usually similar but not identical to color of head and pronotum; elytra slightly polished with
dense punctures. Subsutural foveae present, but indistinct due to the background punctate tex-
ture; elytral maculations present (Figs 3 and 5), with a complete marginal band, a humeral
lunule, rounded partial middle band, and apical maculation.

Procoxae and mesocoxae dark testaceous with metallic blue to violet reflections, covered in
dense setae; metacoxae dark testaceous with metallic green to violet reflections, nearly gla-
brous, possessing only a few setae along lateral margins; pro- and mesotrochanters with a sin-
gle subapical seta, metatrochanters glabrous; femora metallic, with color similar to that of head
and pronotum, femoral surface with rows of erect white setae dorsally and ventrally; tibiae
mostly colored similarly to femora, clothed with white setae that are sparser and shorter than
those of the femora; tarsi colored similarly to the tibiae, first three dilated protarsomeres in
male with dense greyish-white setal pads.

Abdominal ventrites 1-6 dark testaceous with most surfaces covered by metallic reflections;
dense white decumbent setae present mostly along lateral third of each ventrite, except ventrite
6 in male and ventrites 5 and 6 in female, which are nearly glabrous. Aedeagus (Fig 6A) shares
similarities with E. circumpicta (Fig 6B), possessing an elongate helical flagellum [21]. The
middle/basal third of the E. mecocheila n. sp. aedeagus appears to have a slightly more robust
bulge.

Etymology. Eunota mecocheila n. sp. is named for its elongated labrum, derived from
Greek: meco- = long, -cheila = lip.

Distribution and habitat. Eunota mecocheila n. sp. is currently known only from two
localities in the northern Mexican state of Coahuila. Beetles were collected in saline muddy
ditches. The species has been observed from mid-June to mid-July, and based on the life histo-
ries of other closely related Eunota [12], it’s adult activity period is likely significantly longer.

Discussion

This new Eunota is closely related to E. circumpicta (Fig 1) but is separable based on labral pro-
portions and shape (Fig 2), average body size, geographic range and genetic differentiation.
The average genetic distance between E. mecocheila n. sp. and E. circumpicta is 3.3% This is
greater than the genetic distance between E. fulgoris and E. praetextata (1.4% divergence) and
between most Dromochorus species [5].

The localities where this new species was collected lie within the Coahuila Ridge and Basin
Province of northeastern Mexico [22]. This province has a distinctive physiography, being
characterized by elongate ridges separated by broad valleys. The province is located on the
eastern side of the North American Cordillera orogenic belt, a north-south belt of high relief,
which extends from Alaska south into Central America and includes the Rocky Mountains of
North America and the Sierra Madre of Mexico [23]. The province broadly separates the
coastal plain of the Gulf of Mexico from the more mountainous terranes of axis of the Cordil-
lera. The province is underlain by Cretaceous and Jurassic marine sediments [24], which were
uplifted and folded during Paleogene times by the Laramide orogeny [23], and it is these folds
that define much of the present-day ridge (anticlines) and basin (broad synclines) physiogra-
phy. Many of the anticlines have their cores eroded out, generating secondary basins within
the folds themselves (known as “protreros”). This combination of inter- and intra-ridge basins
manifests itself as a constellation of basins, which have likely existed for several tens of millions
of years. Although most of these basins are not completely landlocked, their rather restricted
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geometries, combined with the arid climate of the region, results in the formation of saline
playa-like environments, habitats that are preferred by members of the genus Eunota. In addi-
tion, because much of the Mesozoic substrate is of marine origin, there is ample supply of sul-
fate and calcium to groundwaters, resulting in the formation of gypsum-rich soils in the basins
[25]. This unique combination of physiography, climate, and bedrock chemistry likely explains
the high level of endemism in the region, including apparently E. mecocheila n. sp.

We note that this ridge and basin physiography continues north into west Texas in the Big
Bend region. No records of the closely related E. circumpicta or any other Eunota have been
found in this area. Based on biogeography, it is possible that E. mecocheila will be found in
saline areas of the region. Future efforts should be made to survey for this rare species in west
Texas.

Supporting information

S1 Table. Morphological measurements of type material of E. mecocheila n. sp.
(XLS)

Acknowledgments

The authors thank Walter N. Johnson, Ronald L. Huber and John A. Shetterly for providing
specimens for this study. We thank Cin-Ty Lee for his insight into the historical biogeography
of the region. We thank Robert A. S. Laroche and Scott P. Egan at Rice University for their
assistance with the mtDNA extractions and PCRs. We thank Fabian Boetzl for discussion of
the structures of the aedeagus. We also thank Aaron Chambers for assistance in collecting E.
circumpicta johnsonii specimens used in this study. Lastly, we thank Rodger Gwiazdowski and
David Herrmann for providing comments on the manuscript.

Author Contributions

Conceptualization: Daniel P. Duran, Stephen J. Roman.
Data curation: Daniel P. Duran.

Formal analysis: Daniel P. Duran.

Investigation: Daniel P. Duran, Stephen J. Roman.
Methodology: Daniel P. Duran.

Project administration: Daniel P. Duran.
Resources: Stephen J. Roman.

Supervision: Daniel P. Duran.

Visualization: Daniel P. Duran, Stephen J. Roman.
Writing - original draft: Daniel P. Duran.

Writing - review & editing: Stephen J. Roman.

References

1.  Knisley CB, Schultz TD. The biology of tiger beetles and a guide to the species of the south Atlantic
states. Virginia Museum of Natural History. Special publication Number 5. Martinsville, Virginia, USA.
1997.

2. Pearson DL, Vogler AP. Tiger Beetles: the evolution, ecology, and diversity of the Cicindelids. Com-
stock Publishing Associates. Ithaca and London. 2001.

PLOS ONE | https://doi.org/10.1371/journal.pone.0257108 October 13, 2021 11/13


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0257108.s001
https://doi.org/10.1371/journal.pone.0257108

PLOS ONE

Description of a new tiger beetle identified using morphology, phylogenetics and biogeography

10.

11.

12

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

Cassola F, Pearson DL. Global patterns of tiger beetle species richness (Coleoptera: Cicindelidae):
their use in conservation planning. Biol. Conserv. 2000; 95: 197-208.

Knisley CB. Anthropogenic disturbances and rare tiger beetle habitats: benefits, risks and implications
for conservation. Terr Arthropod Rev. 2011; 4: 41-61. https://doi.org/10.1163/187498311X555706

Duran DP, Herrmann DM, Roman SJ, Gwiazdowski RA, Drummond JA, Hood GR, et al. Cryptic diver-
sity in the North American Dromochorus tiger beetles (Coleoptera: Carabidae: Cicindelinae): A congru-
ence based method for species discovery. Zool J Linn Soc. 2019. https://doi.org/10.1093/zoolinnean/
zly070 PMID: 33551467

Morgan M, Knisley CB, Vogler AP. New taxonomic status of the endangered tiger beetle Cicindela lim-
bata albissima (Coleoptera: Cicindelidae). Ann Entomol Soc Am. 2000; 93: 1108—1115.

Woodcock MR, Kippenhan MG, Knisley CB, Foster JA. Molecular genetics of Cicindela (Cylindera) terri-
cola and elevation of C. lunalonga to species level, with comments on its conservation status. Conserv.
Genet. 2007; 8: 865-877.

Duran DP, Roman SJ. A new species of the genus Cicindelidia from southeastern Arizona and Mexico
(Coleoptera: Carabidae: Cicindelinae). ZooKeys 2014; 464: 35—47. https://doi.org/10.3897/zookeys.
464.8424 PMID: 25589868

Duran DP, Laroche RA, Gough HM, Gwiazdowski RA, Knisley CB, Herrmann DP, et al. Geographic life
history differences predict genomic divergence better than mitochondrial barcodes or phenotype.
Genes 2020; 11(3): 265. https://doi.org/10.3390/genes11030265 PMID: 32121321

Wiesner J. Checklist of the tiger beetles of the world, 2nd Ed. Edition Winterwork. Borsdorf, Germany.
2020.

Duran DP, Gough HM. Unifying systematics and taxonomy: nomenclatural changes to Nearctic tiger
beetles (Coleoptera: Carabidae: Cicindelinae) based on phylogenetics, morphology and life history.
Insecta Mundi 2019; 0727: 1-12.

Pearson DL, Knisley CB, Duran DP, Kazilek CJ. A field guide to the tiger beetles of the United States
and Canada: identification, natural history, and distribution of the Cicindelids ( 2nd Ed). Oxford Univ.
Press, NY.2015.

Duran DP, Moravec J. A new species of the genus Pentacomia from Panama (Coleoptera: Cicindeli-
dae). Acta Entomologica Musei Nationalis Pragae 2013; 53(1): 49-57.

Mallet J. Hybridization as an invasion of the genome. Trends Ecol Evol. 2005; 20: 229-237. https://doi.
org/10.1016/j.tree.2005.02.010 PMID: 16701374

Fitzpatrick BM, Johnson JR, Kump DK, Smith JJ, Voss SR, Shaffer HB. Rapid spread of invasive genes
into a threatened native species. Proc. Nat. Acad. Sci. 2010; 107: 3606—3610. https://doi.org/10.1073/
pnas.0911802107 PMID: 20133596

Gough HM, Duran DP, Kawahara AY, Toussaint EF. A comprehensive molecular phylogeny of tiger
beetles (Coleoptera, Carabidae, Cicindelinae). Syst Entomol. 2019; 44: 305-321. https://doi.org/10.
1111/syen.12324

Crozier RH, Crozier YC. The cytochrome b and ATPase genes of honeybee mitochondrial DNA. Mol
Biol Evol. 1992; 9: 474—-482. https://doi.org/10.1093/oxfordjournals.molbev.a040729 PMID: 1533894

Nguyen LT, Schmidt HA, von Haeseler A, Minh BQ. IQ-TREE: a fast and effective stochastic algorithm
for estimating maximum-likelihood phylogenies. Mol Biol Evol. 2014; 32: 268—274. https://doi.org/10.
1093/molbev/msu300 PMID: 25371430

Kalyaanamoorthy S, Minh BQ, Wong TK, von Haeseler A, Jermiin LS. ModelFinder: fast model selec-
tion for accurate phylogenetic estimates. Nat. Methods 2017; 14: 587. https://doi.org/10.1038/nmeth.
4285 PMID: 28481363

Rozas J, Ferrer-Mata A, Sanchez-DelBarrio JC, Guirao-Rico S, Librado P, Ramos-Onsins SE, et al.
DnaSP 6: DNA sequence polymorphism analysis of large data sets. Mol Biol Evol. 2017; 34: 3299—
3302. https://doi.org/10.1093/molbev/msx248 PMID: 29029172

Rivalier E. Démembrement du genre Cicindela Linné. Il. Faune américaine. Revue Francgaise d’Ento-
mologie 1954; 21: 249-268.

Humphrey WE, Kane WG. Tectonic framework of northeast Mexico. Gulf Coast Association of Geologi-
cal Societies Transactions 1956; 6: 25-35.

Fitz-Diaz E, Lawton TF, Juarez-Arriaga E, Chavez-Cabello G. The Cretaceous-Paleogene Mexican
orogen: Structure, basin development, magmatism and tectonics. Earth-Sci Rev. 2018; 183: 56-84.
https://doi.org/10.1016/j.earscirev.2017.03.002

Weidie AE, Murray GE. Geology of Parras Basin and adjacent areas of northeastern Mexico. AAPG
Bulletin 51.5: 1967.

PLOS ONE | https://doi.org/10.1371/journal.pone.0257108 October 13, 2021 12/13


https://doi.org/10.1163/187498311X555706
https://doi.org/10.1093/zoolinnean/zly070
https://doi.org/10.1093/zoolinnean/zly070
http://www.ncbi.nlm.nih.gov/pubmed/33551467
https://doi.org/10.3897/zookeys.464.8424
https://doi.org/10.3897/zookeys.464.8424
http://www.ncbi.nlm.nih.gov/pubmed/25589868
https://doi.org/10.3390/genes11030265
http://www.ncbi.nlm.nih.gov/pubmed/32121321
https://doi.org/10.1016/j.tree.2005.02.010
https://doi.org/10.1016/j.tree.2005.02.010
http://www.ncbi.nlm.nih.gov/pubmed/16701374
https://doi.org/10.1073/pnas.0911802107
https://doi.org/10.1073/pnas.0911802107
http://www.ncbi.nlm.nih.gov/pubmed/20133596
https://doi.org/10.1111/syen.12324
https://doi.org/10.1111/syen.12324
https://doi.org/10.1093/oxfordjournals.molbev.a040729
http://www.ncbi.nlm.nih.gov/pubmed/1533894
https://doi.org/10.1093/molbev/msu300
https://doi.org/10.1093/molbev/msu300
http://www.ncbi.nlm.nih.gov/pubmed/25371430
https://doi.org/10.1038/nmeth.4285
https://doi.org/10.1038/nmeth.4285
http://www.ncbi.nlm.nih.gov/pubmed/28481363
https://doi.org/10.1093/molbev/msx248
http://www.ncbi.nlm.nih.gov/pubmed/29029172
https://doi.org/10.1016/j.earscirev.2017.03.002
https://doi.org/10.1371/journal.pone.0257108

PLOS ONE Description of a new tiger beetle identified using morphology, phylogenetics and biogeography

25. Mamer E, Newton TB. The Relationship Between the Cuatrocienegas Gypsum Dune Field and the
Regional Hydrogeology, Coahuila, Mexico. New Mexico Bureau of Geology and Mineral Resources,
OFR 589. 2017.

PLOS ONE | https://doi.org/10.1371/journal.pone.0257108 October 13, 2021 13/13


https://doi.org/10.1371/journal.pone.0257108

