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Abstract

We describe a new species of mud turtle of the genus Kinosternon from the Pacific Coastal Plain of the Mexican states
Sinaloa and Nayarit. The new species shares morphological characters with the recently described Kinosternon vogti,
which are unique to these two turtles and separate them from the other species of the genus. The new species differs
from K. vogti by skin coloration, size, and the scutellation of both carapace and plastron. We also present a molecular
phylogeny of the family Kinosternidae based on two mitochondrial and four nuclear loci. Our results show that the new
species is most closely related to K. vogti, and together they form the sister group to the K. hirtipes and K. integrum
species groups of Kinosternon.

Key words: Reptilia; freshwater turtle sp. nov.; endemic; Sinaloa; Nayarit; Pacific Coastal Plain

RESUMEN

Describimos una nueva especie de tortuga casquito del género Kinosternon de la Llanura Costera del Pacifico Mexicano en
los estados de Sinaloa y Nayarit. La nueva especie comparte caracteres morfologicos con Kinosternon vogti, separandolas de
las otras especies del género. Las diferencias entre la nueva especie y K. vogti incluyen la coloracion, tamaiio, y proporciones
en los escudos del caparazon y el plastron. También presentamos una filogenia molecular de la familia Kinosternidae basada
en dos genes mitocondriales y cuatro nucleares. Nuestros resultados muestran que la nueva especie estd mas emparentada
con K. vogti, y juntos estas especies forman el grupo hermano de los grupos de especies K. hirtipes y K. integrum.

Palabras claves: Reptilia; Tortuga de agua dulce sp. nov.; endémica; Sinaloa; Nayarit; Llanura Costera del Pacifico
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INTRODUCTION

The herpetofauna of northwestern Mexico has been studied for at least 150 years (Goldman 1951, Hardy and Mc-
Diarmid 1969). The most extensive collections formed the basis for a study undertaken by E. W. Nelson and E.A.
Goldman between 1892 and 1906 (Flores-Villela et al. 2004). Additional expeditions, mainly in the mid-twentieth
century, added to the knowledge of the herpetofauna of Jalisco, Nayarit and Sinaloa. Those studies have painted a
detailed picture of the herpetofaunal biodiversity of the region (Van Denburgh 1897, Hardy and McDiarmid 1969,
Garcia 2006, Chavez-Avila et al., 2015, Woolrich-Pifia et al., 2016). However, some groups remained poorly stud-
ied, such as freshwater turtles of the genus Kinosternon, with eight species distributed along the Pacific versant in
Mexico, of the total of 16 that inhabit Mexico (Legler and Vogt 2013, TTWG 2017, Lopez-Luna et al. 2018). This
genus has been under-studied in this region, potentially due to their aquatic habits, and the difficulty in differentiat-
ing among species (Legler and Vogt 2013). Thus, questions remain about the diversity of the genus Kinosternon
in the northwestern Mexico. For example, the morphologically distinctive dwarf species Kinosternon vogti Lopez-
Luna et al. 2018 was only recently described from the Bahia de Banderas region of Jalisco. Specimens of this
species were misidentified as Kinosternon chimalhuaca Berry et al. 1997 for almost two decades (Cupul-Magafia
and Rubio-Delgado 2003) before the species was properly described (Lopez-Luna ef al. 2018). A similar situation
occurred in the state of Nayarit, when on 23 August 1962 an unidentified turtle was collected 11 km S of Acaponeta,
which was later reported as a juvenile female of Kinosternon chimalhuaca (Webb 2001). Based on the morphologi-
cal characteristics of this individual detailed by Webb (2001), Lopez-Luna et al. (2018) entertained the possibility
of it belonging to a more northern population of Kinosternon vogti. The recent observation and capture of other
individuals in southern Sinaloa with the same characteristics prompted the reexamination of the original specimen,
deposited in the Herpetology Collection of the University of Texas at El Paso (UTEP 3908). We confirmed that
the newly collected specimens and the original individual from Nayarit are conspecific, and that these specimens
represent a second, un-described dwarf species of kinosternid turtle from the Pacific Coastal Plain and foothills of
southern Sinaloa and northern Nayarit, which we describe herein.

MATERIALS AND METHODS

Initially, in a night-driving survey looking for amphibians and reptiles in southern Sinaloa, we found a single road-
killed (DOR) turtle, now designated as holotype of our new species. About a month later we collected two turtles of
interest in the field with the use of chicken wire funnel traps (Iverson 1979a) baited with canned tuna. Traps were
left both day and night for no more than eight hours at a time for five days. With the exception of UTEP 3908, all
specimens were collected in seasonal ponds near La Concepcion, Sinaloa during the summer rainy season. The two
captured individuals (designated as paratypes), were humanely euthanized with a Pentobarbital solution follow-
ing the AVMA guidelines for the Euthanasia of Animals (Underwood and Anthony 2020). We took muscle tissue
samples for molecular analysis and preserved them in 96% ethanol. We fixed specimens in 10% buffered formalin
and then transferred them to 70% ethanol for permanent storage in scientific collections. We recorded the coloration
in life based on notes taken on individuals in the field, and also from high quality digital photographs.

All measurements were taken by one of us (MALL) using digital calipers (ROK ®) to the nearest 0.1 mm, and
we provide means + standard deviation. UTEP 3908 was photographed in the UTEP herpetological collection, and
the photographs were sent with metric and standard color references. We calculated this individual’s measurements
with the Rulerswift® app (http://www.tangyc.top/). The criteria for measurements and nomenclature for turtle spec-
imens and comparison with other species were taken from the general descriptions in Legler and Vogt (2013), as
well as the descriptions of Kinosternon from Mexico (Berry and Iverson 1980, Berry et al. 1997, Lopez-Luna et
al., 2018). We measured eighteen morphological character states, and list the abbreviations used in parentheses: CL
(maximum carapace length); CW (carapace width at level marginal scutes 5-6); CH (maximum carapace height);
HW (head width at level of jaw articulation); AHW (width of anterior plastral lobe at anterior hinge); PHW (width
of posterior plastral lobe at posterior hinge); BRL (length of bony bridge); HL (maximum length of plastral hind-
lobe); LPH (length of interposterior humeral scute seam) FL (maximum length of plastral forelobe); FEL (length of
interfemoral scute seam); PL (maximum length of plastron); PS1 (midline length of plastral scute 1); PS6 (mid-line
length of plastral scute 6); AIC (axillary-inguinal contact, + or -); M2C (contact between second marginal scute and
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first vertebral scute, + or -); V1-V5 (maximum width and length of vertebral scutes 1-5); and M1-M11 (length and
height of marginal scutes 1-11). We calculated the plastral formula as described by Legler and Vogt (2013).

DNA extraction, sequencing and phylogenetic analyses

Tissues from the holotype (JALB-391, MZFC-HE 35627) were preserved in 96% EtOH. We isolated genomic DNA
of sample using a Qiagen DNeasy extraction kit (Qiagen, Inc., Valencia, CA, USA). We used polymerase chain reac-
tion (PCR) to amplify a fragment of the mitochondrially-encoded Cytochrome Oxidase B (Cytb), as we as the rRNA
loci 12s and 16s. Additionally, we sequenced four nuclear loci, R35, TBO1, PSMCI1 and KIAA0398, which have
been used previously to infer evolutionary relationships in the family Kinosternidae (Iverson et al. 2013; Spinks et
al. 2014). The PCR products were sequenced in both directions by BGI Life Technologies, Hong Kong. We used the
primers and PCR conditions used by Iverson et al. (2013) and Spinks et al. (2014). In the case of Kinosternon vogti
we used the sequences of the mitochondrial gene Cytochrome b (Cyt b), obtained by Lopez-Luna et al. (in prep).
Unfortunately, we were not able to include nuclear data for K. vogti. All sequences are deposited and available at
NCBI’s Genbank (Table S1).

Phylogenetic analyses

We edited the raw sequence chromatograms using the program Geneious v6.1.6 (Biomatters Ltd., Auckland, NZ)
and aligned the edited sequences using MAFFT (Katoh and Stanley, 2013). We then manually trimmed the 5 and
3’ ends of each sequence to reduce columns with high levels of missing data. We concatenated all genes using the
program SequenceMatrix (Vaidya et al., 2011). We included multiple species of the family Kinosternidae obtained
from Genbank (Table S1). The final data set consisted of 4892bp (1945bp of three mtDNA genes, and 2947bp of
five nuclear loci).

We selected best-fit models of evolution for each loci and codon position for the alignment based on the Bayes-
ian Information Criterion (BIC) implemented in PartitionFinder v1.1.1 (Lanfear et al., 2012). The best-fit partition
scheme for the alignment is shown in Table 1. We used this best-fit partition scheme and set of substitution models
to estimate phylogenetic relationships among members of the family Kinosternidae using Bayesian Markov Chain
Monte Carlo (MCMC) simulation in MrBayes v3.2.1 (Ronquist et a/. 2012), which we implemented on the CIPRES
science gateway server (Miller et al., 2010). The MrBayes analyses consisted of four independent runs, each of
107 MCMC generations with four chains (one cold and three heated), sampling every 1,000th generation. We then
confirmed convergence among runs based on overlap in likelihoods and parameter estimates, as well as effective
sample size (ESS) and potential scale reduction factor value estimates (PSRF) for each parameter, which were
evaluated in Tracer v1.6 (Rambaut ef al. 2014). Based on the PSRF values, individual runs had converged by 10°
generations (ESS > 200 for all parameters), and we discarded the first 10° samples as burn-in. We then combined the
4 independent MCMC samples (post burn-in) and computed a maximum clade credibility tree using TreeAnnotator
v1.8.2 (Rambaut and Drummond 2014).

TABLE 1. Best-fit models of evolution for each locus and codon position.

Loci Origin Codon possition Substitution model

A17367 Nuclear Intron - HKY + gamma

A22519 Nuclear Intron - HKY + gamma

R35 Nuclear Intron - HKY + gamma

TBO1 Nuclear Intron - HKY +1

12s mitochondrial rRNA - GTR + 1+ gamma

16s mitochondrial rRNA - GTR + 1+ gamma

Cytb protein-coding mtDNA Ist codon GTR + 1+ gamma

Cytb protein-coding mtDNA 2nd codon GTR + 1+ gamma

Cytb protein-coding mtDNA 3rd codon GTR + 1+ gamma
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SYSTEMATICS

Order: Testudines

Suborder: Cryptodira
Family: Kinosternidae

Kinosternon cora sp. nov.
(Figs. 1,2,3,5,6)

Cora Mud Turtle, Casquito cora, Chacuanita cora

Holotype— (JALB-391, MZFC-HE 35627) (Fig. 1), an adult female from Mexico: Sinaloa: Ejido La Concep-
cion (La Concha), Municipio de Escuinapa (22.531758°, -105.450767°; datum WGS 84; elev. 10 masl) collected on
4 September 2017 by J. A. Loc-Barragan. (Fig. 4)

Paratypes—(3): An adult female (JALB-412, MZFC-HE 35628) (Fig. 2A) and juvenile male (JALB-411,
MZFC-HE 35629) (Fig. 3) from Mexico: Sinaloa: Ejido La Concepcion (La Concha), Municipio de Escuinapa
(22.531758°N, -105.450767°W; datum WGS 84; elev. 10 masl) (Fig. 4) collected on 15 October 2017 by J. Loc-
Barragan, M. A. Lopez-Luna and A. H. Escobedo-Galvan; an adult female (UTEP 3908) (Fig. 2B) from Mexico:
Nayarit: 11 km S of Acaponeta on Hwy. 15 (Fig. 4) collected on 23 August 1962 by R. G. Webb, D. W. Tinkle, W.
Auffenberg, W. Auffenberg Jr., L. Irwin, W. Milstead and D. Patten.

Diagnosis—A small Kinosternon, the largest known specimen is a female (CL=107.7 mm). This species is
unique among Kinosternon of western Mexico, except K. vogti, of which it is a sister species, by possessing a very
reduced and weakly kinetic plastron; a narrow bridge; and a proportionally wide carapace. We describe the diagnos-
tic characteristics of Kinosternon cora with the species present on the Mexican Pacific versant (Table 2).

Kinosternon cora difters from K. chimalhuaca, Berry, Seidel and Iverson 1997, with which it was originally
confused, by the following characters (character states of K. chimalhuaca in parentheses): A greater relative cara-
pace width, average CW/CL ratio > 71% (< 70%); a very small plastron; average PHW/CW < 49% (> 49%); a nar-
row bridge, average BRL/CL < 13% (>13%); and a relatively large axillary scute, > 60% of the size of the inguinal
scute (< 60% of the size of the inguinal scute).

Kinosternon cora differs from the broadly sympatric K. integrum LeConte 1854, by the following characters
(character states of K. integrum in parentheses): A greater relative carapace width, average CW/CL ratio > 71% (<
70%); a very small plastron, average PHW/CW <49% (> 55%); a long interfemoral scute seam, average FEL/HL >
40% (< 40%); a narrow bridge, average BRL/CL < 13% (>18%); and a relatively large axillary scute > 60% of the
size of the inguinal scute (< 35% of the size of the inguinal scute).

Kinosternon cora differs from the southern species, Kinosternon oaxacae Berry and Iverson 1980, by the fol-
lowing characters (character states of K. oaxacae in parentheses): A greater relative carapace width, average CW/CL
ratio > 71% (< 70%); a very small plastron, average PHW/CW < 49% (> 53%); a long interfemoral scute seam,
average FEL/HL > 40% (< 40%); a narrow bridge, average BRL/CL < 13% (>18%); a relatively large axillary scute,
> 60% of the size of the inguinal scute (< 40% of the size of the inguinal scute); and the first vertebral scute not in
contact with M2 (first vertebral scute in contact with M2).

Kinosternon cora differs from the southernmost Mexican coastal species, Kinosternon scorpioides cruentatum
(Duméril and Bibron 1851), by the following characters (character states of K. s. cruentatum in parentheses): A
greater relative carapace width, average CW/CL ratio > 71% (< 70%); a very small plastron, average PHW/CW <
49% (> 60%); a long interfemoral scute seam, average FEL/HL > 40% (< 20%); a narrow bridge, average BRL/CL
< 13% (>25%); a relatively large axillary scute, > 60% of the size of the inguinal scute (< 40% of the size of the
inguinal scute.

Kinosternon cora differs from the northern Pacific coastal species, Kinosternon alamosae Berry and Legler
1980, by the following characters (character states of K. alamosae in parentheses): A greater relative carapace width,
average CW/CL ratio > 71% (< 70%); a very small plastron, average PHW/CW <49% (> 70%); a long interfemoral
scute seam, average FEL/HL > 40% (< 35%); a narrow bridge, average BRL/CL < 13% (>30%); and axillary and
inguinal scutes in broad contact, separating the abdominal and marginal scutes (Axillary and inguinal scutes never
in contact, abdominal and marginals in contact).
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Kinosternon cora differs from the northernmost Mexican coastal species Kinosternon stejnegeri Hartweg 1938
(formerly K. arizonense Gilmore 1923), by the following characters (character states of K. stejnegeri): A very small
plastron, average PHW/CW < 49% (> 70%); a long interfemoral scute seam, average FEL/HL > 40% (< 35%); a
narrow bridge, average BRL/CL < 13% (>25%); a relatively broad axillary scute, less than twice as long as wide
(narrow axillary scute, three times longer than wide)

Kinosternon cora is a member of the K. hirtipes/integrum group. The subspecies of K. hirtipes (Wagler 1830),
closest geographically to Kinosternon cora is K. h. chapalaense Iverson 1981. Kinosternon cora difters from K. h.
chapalaense, by the following characters (character states of K. h. chapalaense in parentheses): A greater relative
plastron width, average AHW/CL ratio > 40% (< 35%); a very small plastron, average PHW/CW < 49% (> 50%);
a long interfemoral scute seam, average FEL/HL > 40% (< 35%); and a narrow bridge, average BRL/CL < 13%
(>18%)).

Kinosternon cora is the sister species of geographically proximate K. vogti (Fig. 4) with which it shares several
characters that distinguish them both from the other species. However, Kinosternon cora difters from K. vogti by
the following characters (character states of K. vogti in parentheses): a more robust body (body small); darker gray
skin coloration (skin coloration pale grayish); a nuchal scale that is two to three times width than long (nuchal scale
as wide as long; Figs. 5 A, B); marginal scale 11 half as high as marginal 10 (marginal 11 almost as high, or just a
little shorter than marginal 10; Figs. 5 C, D); posterior plastral lobe not notched posteriorly (posterior plastral lobe
notched; Figs. 5 E, F); plastron length smaller, average PL/CL ratio 80% (average PL/CL ratio 90%); bridge length
shorter, average BRL/CL ratio 11% (average BRL/CL ratio 19%); rostral shield less conspicuous, V- shaped (rostral
shield large and rounded); rostral shield the same color as the dorsal head coloration (rostral shield different color
than coloration than head, bright yellow in males, pale yellowish in females Figs. 5 G, H); and males without yellow
reticulations on head (males with small yellow reticulations on head).

FIGURE 1. Holotype (adult female) of Kinosternon cora sp. nov. MZFC-HE 35627. Dorsal and ventral view. Black line repre-
sents 50 mm. Photo by M. A. Lopez-Luna.

NEW SPECIES OF MUD TURTLE Zootaxa 4885 (4) © 2020 Magnolia Press -+ 513



"(€107) 180A%9 10307 pue ‘(1861) UOS
-I9AT “(9L61) SINH “(L661) ‘Te 10 Au1og (0861) 191397 % Auog (0861) UOSIOA] 29 A11og ‘($861) Auog % Auog wioyy pajiduios arom ejep oy #3504 "y pue p..02 y Jo uondooxa oyl YIA 4
[BIQOLIA ISIIJ PUE 9JNIS [BUISIBW PUOIAS UdIMIOQ J0BIUOD)  DTIN

108)U00 [euInSuI-AIR[[IXY DIV

(ourpprua) 9 9inos enserd Jo PSueT  7Sd
(ourpprw) [ 9inos ensed Jjo SueT  ISd
a8puq Auoq jo pSuoT  THL

aqopury [enserd jo ym3uo] TH
9qO[210J JO YU 14

uoxseld yo yySuog 1d

3oy ooedere) HD

ypim ooedere)  AD
q3u9l ooedere) 10

oww\.m% (%T¥) ¥T/1 Te0 LTO 1€0 LEO €0 L60 89°0 870 1L°0 —co1) NAMM 6 sap1o1di0s y
Awﬁwww oo%w_ P TT0 LT0 ST $€°0 1€°0 €6°0 ¥$°0 9€'0 L90  (0€1-921) 8TI 4 a0o0XD0 "y
(%€€8) 9/S  (%0$) 9/€ §T0 L0 LT0 SE0 €€°0 $6°0 90 0¥'0 99°0 —¢o1) Nﬁ.ww 9 wnaSapup Yy
%08 + %05+ 61°0 L0 ST0 $€°0 1€°0 060 95°0 LEO 990 (SS1-9°T6) 0TI 001 a5U2LI0UOS “Y
%0 %0 vT0 LT0 0€°0 0€0 620 960 65°0 0¥°0 L9°0 (9T1-68) €11 91 avsown[y “y
(%0) TT/0  (%8'1¢€) TU/L €70 v€0 ST vE0 ve0 $6°0 LS0 0¥0 0L0 _ Z%.WM IC L25oul2)s Y
@ww\w: Aw%w% 0 v1°0 TT0 9¢°0 620 16°0 ¥$°0 8€°0 0L0 ~66) mm% LS vovnyuYyd Y
(%0) €/0  (%001) €/€ TT0 Tro 61°0 870 8€°0 060 §S°0 10 SLO p %vcmwm € 1804 *y
(%0) €/0  (%001) €/€ 610 01°0 110 LTO 1€°0 18°0 150 0r0 6L°0 1z %wmw € 102 Y
Y4 1\ o1V T0/9Sd  TO/ISd  TO/Tdd ID/TH 1D/1d TO/Id - MD/HD  TO/HD TO/MD  (wun)1) N sa1adg

OOIXOJA] [BISBO)) J1j108 Suo[e sa10ads uowla3s0uULy JO so[ewo] SurysImsunsIp ur [njosn ,siojoerey) g A TdVL

LOC-BARRAGAN ET AL.

514 - Zootaxa 4885 (4) © 2020 Magnolia Press



FIGURE 2. Female paratypes of Kinosternon cora sp. nov. A MZFC-HE 35628 B UTEP 3908. Dorsal and ventral views. Black
lines represent 50 mm. Photo A by M. A. Lopez-Luna, Photo B by Muriel M. Norman and Daniela Dominguez.
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FIGURE 3. Male paratype of Kinosternon cora sp.
mm. Photo by M. A. Lopez-Luna.
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FIGURE 4. Known distribution of Kinosternon cora sp. nov. in Sinaloa and Nayarit. Yellow star represents the type locality,
yellow dots represent additional records. Red dots represent the records of the sister species Kinosternon vogti.
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FIGURE 5. Diagnostic differences between Kinosternon cora sp. nov. (A, C, E, G) and Kinosternon vogti (B, D, F, H). A, B:
proportions of the nuchal shield; C, D: ratio of the height of the M 10 to the adjacent shields; E, F: absence / presence of a notch
in the anal shields; G, H: shape and patterning of nasal shield.
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FIGURE 6. Head patterns of Kinosternon cora sp. nov. A: Female holotype, MZFC-HE 35627, B: Male paratype, MZFC-HE
35629. Unscaled images. Photo by M. A. Lopez-Luna.
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Description of holotype—An adult female (JALB-391, MZFC-HE 35627), road-killed, with the carapace bro-
ken along the lateral plane, involving the costal scutes 2 and 4 on the right side, and costal scutes 2 and 3 on the left
side. The marginal shields 5, 6, 7 on the right side, and 5 on the left side are fractured. The right abdominal is frac-
tured in the region adjacent to the bridge. Although the fractures cracked the carapace and part of the plastron, the
seam and proportions of the scutes remain in good condition. Characteristics and measurements are as follows: CL=
99.0 mm; CW= 89.4 mm; CH= 36.6 mm; HW= 27.0 mm; HL= 28.3 mm; AHW= 47.8 mm; LPH= 14.9 mm; FL=
30.0 mm; PHW=36.0 mm; carapace relatively compressed and wide (CW/CL= 90 %); unicarinate with longitudinal
keel slightly evident; growth rings evident on plastral and carapacial scutes; scutes imbricate; V1 very narrow, not in
contact with M2; M1-9 aligned; M10 twice as high as M9 and M11; M11 slightly shorter than M9; V1, V2 and V3
longer than wide (22 x 17 mm, 23.3 x 20 mm, 23.9 x 20 mm), V4 as long as wide (21.3 x 22 mm) , and V5 wider
than long (12.4 x 23.1 mm). Plastron small (PL/CL= 80%), flat, with two kinetic hinges; anterior hinge straight and
freely movable; posterior hinge flat anteriorly and not movable; posterior plastral lobe entire, not notched; axillary
and inguinal scutes very wide and in full contact; axillary extends from middle M5 to middle M6; inguinal scute
extending from middle M6 to posterior M7. Plastral formula 4>6>2>5>1>3. Head relatively wide (HW/CL=27%)),
rostral shield large, furcate v-shaped, dark grayish; maxillary sheath hooked. Diameter of the tympanic membrane
as large as the eye socket. One pair of small chin barbels elongated and conspicuous. Dorsal and lateral surfaces of
the neck smooth. Tongue papillose. Jaw sheaths yellowish, streaked with dark brown. Manus and pes muscled and
fully webbed; digital claws well developed. Keratinized patches on the posterior thigh and crus (clasping organs)
poorly developed in the only known juvenile male; presumed to be well-developed in adult males. Falciform scales
on antebrachium and heel typically kinosternine, keratinized. Tail very short, protruding slightly from the marginal
shields and with a very small “claw” on the tip; with 4 dorsolateral longitudinal rows of poorly developed papillae.

Color of holotype in preservative: Coloration of carapace dark brown-olive with the edge of scutes black. Color
of plastron orange with annuli proximal to midventral line dark brown; edges of the plastral scutes dark brown. Head
grayish, with a reticulated pattern in buff or whitish, strongly reticulated laterally and ventrally. Overall, soft body
parts with the same pattern. Figs. 1 and 6A show the holotype in preservative.

Variation—Including the holotype and three paratypes. The first measure corresponds to the average of three
adult females, and the second measure to the only juvenile male collected; CL =92.1-107.7 mm (n=99.6 +7.6 mm),
75 mm; CW = 63.7-89.4 mm (p=68.8 = 13.5 mm), 58.6 mm; CH = 36.6-45.2 mm (p1=39.9 £4.6 mm), 30.4 mm;
HW = 22.6-27.0 mm (u=25.5 £2.5 mm), 20.0 mm; HL = 24.0-29.0 mm (pu=27.1.9 £2.7 mm), 23.3 mm; AHW =
37.0-48.1 mm (p=44.3 £ 6.3 mm), 34.2 mm; LPH = 10.0-15.0 mm (u=13.3 + 2.9 mm), 14.7 mm; FL=30.0-33.4
mm (p=31.1 £ 2 mm), 25.3 mm; PHW = 30.0-39.6 mm (u=35.2 +4.8 mm), 27.0 mm; carapace compressed and
wide (CW/CL = 70-90%, p = 80%,), 70%; Scutellation and color of carapace are similar to holotype. Proportion
PL/CL = 80-84% (un = 81%), 86%. Plastral formula: 4>6>2>5>1>3 (50%), 4>2>6>5>1>2 (25%), 4>6>5>2>1>3
(25%). Relative head width (HW/CL) 25-27%; Rostral shield V-shaped on the supranasal region with a dark gray
pattern color in all females, same shape in the male, but the color pattern of rostral shield dark, and slightly reticu-
lated with yellow. Chin barbels and neck papillae similar to holotype. Characteristics of the females’ tail, similar to
holotype; tail of juvenile male longer, reaching up to half of the M9, prehensile, the “claw” of the tail, inconspicuous
to the eye, but hardened to the touch.

Color of paratypes in life: Coloration of carapace varies from olive-green to dark brown. The edges of scutes are
invariably black. Color of plastron yellowish to bright orange, with dark brown outlines on the scutes, and with deep
and dark interlaminar seams. Dorsal surfaces of head dark gray, with a pale yellow or whitish reticulations which
become more dense laterally and ventrally. Reticulations become orange laterally on some individuals. An indistinct
but dark-bordered and conspicuous pale yellow stripe on head, which runs from the posterior region of the beak,
down to tympanic membrane. Jaw sheaths yellow-streaked or reticulated with dark brown. Lateral and ventral neck
pale gray, but conspicuously reticulated (Fig. 6 A, B). Color of muscled manus, pes and tail gray-brownish above;
thighs and forearm pale gray with reticulations.

Geographic distribution and habitat—Kinosternon cora inhabits low elevations from 10-30 m asl on the
Pacific Coastal Plain adjacent to the foothills of the Sierra Madre Occidental. The predominant type of vegetation
is tropical deciduous forest, with trees of 15-25 m in height. Along riparian areas tropical semi-deciduous forest is
present, with Enterolobium sp., Ficus sp. and Taxodium mucronatum trees, which may reach a height of 30 m or
more. Many trees and shrubs carry epiphytes and parasites. Eucalyptus crops have been planted in a large area near
the type locality of Kinosternon cora (Fig. 7).
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Etymology—The specific epithet is derived from the name “Cora”, the Native-Mexican ethnic group that is
most widespread in Nayarit. The ethnic Cora population is concentrated in the municipalities of El Nayar, Acapo-
neta, Rosamorada and Ruiz, all of which are in Nayarit, the state where this new species was first discovered in
1962.

Additional observations—An adult male (Fig. 8 A) was photographed from “just E of Rosamorada” on Rosa-
morada—San Juan Bautista Hwy., Municipio de Rosamorada by J. Loc-Barragan in September of 2013. A juvenile fe-
male (Fig. 8 B) was photographed at “a farm near Chilapa”, Municipio de Rosamorada (22.031930°, -105.227922°;
datum WGS 84; elev. 30 masl) by Jorge Larios Luquin in October of 2019. Photographs of both individuals appear
to be K. cora based on the diagnostic characteristics of the plastron and the carapace. We consider these sightings
important as they extend the known distribution of this species.

FIGURE 7. Aerial photograph (above) of the type locality of Kinosternon cora. A small temporary lake with affluent streams,

surrounded by secondary vegetation (below), and invasive eucalyptus plantations originally planted for forest management.

Phylogenetic relationships and genetic distinctiveness

We recovered Kinosteron cora as the sister taxon of K. vogti, with strong support (posterior probability (pp) = 1;
(Fig. 9). These two species were recovered as sister to K. sonoriense LeConte 1854, but with low support (pp =
0.51), and all three species formed a well-supported clade with K. chimalhuaca + K. hirtipes with strong support
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(pp = 1). Together, these five species can be considered to belong to the K. hirtipes group. Kinosternon integrum,
K. scorpioides (Linnaeus 1766), and K. oaxacae form the K. scorpioides group. The K. hirtipes species group and
the K. scorpioides species group are sister to each other. Kinosternon alamosae appears to be basal to both the K.
hirtipes and K. scorpioides species groups.

The remaining relationships in our phylogeny are mostly in concordance with previous phylogenies of the fam-
ily Kinosternidae (Iverson et al. 2013; Spinks et al. 2014), which is not surprising as the majority of the sequences
used here were previously used in those studies. However, some interesting differences must be noted. We recovered
Sternotherus as sister to all Kinosternon, similar to the results of Spinks et al. (2014), with strong support (pp = 1).
Iverson et al. (2013) had recovered Sternotherus as nested within Kinosternon, which led them to describe a new
genus Cryptochelys for some of the species of Kinosternon, which are also recovered as reciprocally monophyletic
with respect to other Kinosternon in our analysis. Another difference in our phylogeny is the position of K. leucos-
tomum (Duméril, Bibron and Duméril 1851), and K. dunni Schmidt 1947, which with K. angustipons Legler 1965,
are sister to K. herrerai Stejneger 1925, K. acutum Gray 1831a, and K. creaseri Hartweg 1934. This is similar to the
results given by Iverson et al. (2013), while Spinks et al. (2014) recovered K. leucostomum and K. dunni as sister to
a much bigger clade that includes all Kinosternon (with the exclusion of the K. flavescens Agassiz 1857, K. stejneg-
eri, K. durangoense Iverson 1979b, K. baurii (Garman 1891), and K. subrubrum Bonnaterre 1789). Furthermore,
we recovered K. flavescens as sister to K. baurii and K. subrubrum (similar to Iverson et al., 2013), while Spinks et
al. (2014) found K. flavescens to be sister to K. stejnegeri and K. durangoense.

Natural history observations

The holotype, an adult female, was recently road killed when collected on 4 September 2017. With the plastron and
carapace broken, enlarged ovarian follicles of four different sizes were visible outside of the body. This suggests K.
cora may be capable of producing multiple clutches each year. The paratype female MZFC- HE 35628 collected
in mid-October, was kept alive in captivity, and laid two eggs in the water on 30 January 2018. One of the eggs
was broken by the female, and the other remained intact (29 mm x 18 mm) but experienced no development. We
observed that the pond at the type locality dries completely during the dry season. Although uncertain, this suggests
that the population in that area may estivate during the dry season. Kinosternon cora is microsympatric with K. inte-
grum. Two of the paratypes were captured together in the same trap, along with four K. integrum. Further ecological
data are unknown at this time.

DISCUSSION

Our study shows that Kinosternon cora is the sister species of K. vogti, from which it can easily be distinguish by
morphological characters. Our phylogenetic analysis shows that these two species are nested within the Kinosternon
hirtipes group, but show significant morphological and molecular differences from the species in those groups. The
presence of clasping organs in a juvenile individual of K. cora also suggests that K. cora is part of the K. hirtipes
group, as the presence of clasping organs is a character that defines the group (with the exception of K. chimalhuaca,
which lacks them). It is possible that the ancestor of Kinosternon vogti and K. cora invaded the lowlands of western
Mexico after splitting from an ancient K. hirtipes group stock, and later diverged from each other. At some other
point, the ancestor of K. chimalhuaca also invaded the Pacific lowlands, presumable from the Mexican Plateau.

The five species of continental turtles described in Mexico during the last 20 years, four in the last 10 years,
have all been discovered along the west coast of the country (Murphy et al., 2011; Edwards et al. 2016; Lopez-Luna
et al., 2018; this paper). They include three species of the genus Kinosternon: K. chimalhuaca, K. vogti and now K.
cora. Kinosternon is prone to endemism within one or a few biogeographic regions, and thus several species have
reduced ranges (Legler and Vogt, 2013). Large areas of the west coast of Mexico have received little attention when
it comes to studies of freshwater turtles, the possibility remains that the ranges of the latter three species may be
more extensive, and the Pacific Coast may harbor additional undescribed, localized, cryptic species.
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FIGURE 8. Further observations of Kinosternon cora sp. nov. Series of photographs above: Adult male observed near Rosamo-
rada, Municipo de Rosamorada, Nayarit. Photos by J. A. Loc-Barragan. Series of photographs below: Juvenil female observed
near Chilapa, Municipio de Rosamorada, Nayarit. Photos by Jorge Larios Luquin.
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FIGURE 9. Phylogenetic tree showing the relationships of Kinosternidae, and the position of Kinosternon cora sp. nov., based
on three mitochondrial and four nuclear loci. Bayesian posterior probabilities of each node are reported; solid circles indicate

1.0 support.

The Pacific coastal lowlands between and beyond the known ranges of K. cora and K. vogti have not been thor-
oughly sampled for freshwater turtles. This includes the area between Rosamorada and San Blas, as well as the area
around the town of Las Varas, Nayarit. In addition, the coastal lowlands between Rio San Nicolas and Puerto Vallar-
ta, near the town of Tomatlan, Jalisco, have not been sampled for Kinosternon, and could potentially harbor another
undescribed species. This region was not sampled by Berry, Seidel, and Iverson when they sampled the southern
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coast of Jalisco before describing K. chimalhuaca (J. B. Iverson and J. F. Berry personal communications). Further
south, along the coastal lowlands of Colima, Michoacan and Guerrero, few collections exist for Kinosternon, and
all apparently represent K. integrum which is more commonly collected than either K. cora or K. vogti. Hence, it
would not be surprising to find novel taxa in those areas see Zarza et al. 2011 and 2019 for analogous studies of the
diversity within another lowland Pacific coast species complex: Ctenosaura pectinata (Wiegmann 1834).

Currently, the Mexican Pacific Versant is home to 20 species of continental turtles, being more diverse and
with more endemism than along the coastal plain of the Gulf of Mexico with 14 species, the latter considered as
the primary region of diversity and endemism of continental turtles in Mexico (Ippi and Flores 2001). We suggest
that new analyses of diversity and endemism in Mexico, highlighting the coastal region of the western and Pacific
northwest of Mexico are warranted.

Conservation—The conservation status of K. cora cannot currently be assessed, because only six specimens are
known from an area of approximately 500 km?. Our data demonstrate that this species is sympatric with Kinosternon
integrum and probably Trachemys ornata (Gray 1831b). Kinosternon integrum is the most abundant species on the
Pacific Coastal Plain, and in capture surveys using funnel traps K. integrum represented more than 85% of the fresh-
water turtles captured (Loc-Barragan, unpublished data). Human exploitation of the freshwater turtles in the area
is minimal, except for sporadic illegal collection for pets. Kinosternon cora could come under collection pressure
from wildlife traffickers, so we propose to include it in the Mexican laws (NOM 059) as a protected species, so that
appropriate and legal conservation programs can be established. Most bodies of water within the known range of K.
cora have been modified to some degree for agricultural purposes. Streams and small ponds have been dredged for
use as water reservoirs. Large amounts of water are used for irrigation of crops in the area (e.g., mango, sorghum
and soy). Local farmers and ranchers use chemicals to control weeds, which pollutes ponds and waterways, causing
some intoxication or death of cattle (Loc-Barragan, personal observation). This extensive agricultural use of water
results in rapid reductions in water as the dry season begins. Furthermore, during the dry season when mud turtles
may be in estivation, it is common for ranchers to burn the edges of ponds to make them more accessible for cattle
when the rains come. The impact of these activities on the freshwater turtles in the area is unknown, although it
is possible that these artificial water basins can help turtles. A suggested for Kinosternon stejnegeri and K. duran-
goense, these reservoirs are very important during dry seasons, and are frequently used by these species (Iverson
1989). Unfortunately, the range of K. cora suffers from social and drug-related conflicts and it is not possible to
safely monitor populations at this time.
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