The species treated in the following article (Imantodes tenuissimus, Lampropeltis triangulum and Stenorrhina freminvillii) are prominent
representatives of a regional snake fauna, and often have been encountered during ongoing nocturnal snake surveys in the Chetumal area
of southern Quintana Roo, Mexico. The frequency patterns of the collected snakes shed light on their annual seasonal activity. The finding
that Stenorrhina freminvillii seems to be mostly inactive during the wettest months of the year is one of the unexpected results of this long-
term monitoring project. Pictured here is a juvenile Lampropeltis triangulum (ECO-CH-H 3970) from between Calderitas and Ruinas de
Oxtankah, Quintana Roo, Mexico, a predominantly nocturnal snake with a diet consisting mostly of small mammals.
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ABSTRACT: We present data and observations on the snake species Imantodes tenuissimus, Lampropeltis
triangulum, and Stenorrhina freminvillii collected during bimonthly surveys along a 39 km road transect
near the city of Chetumal, Quintana Roo, Mexico, from February of 2010 to October of 2017. For these
species, we present data on their external morphology, seasonality, spatial distribution, reproduction, and
diet.

Key Words: Colubridae, diet, Dipsadidae, Mexico, monitoring, population dynamics, Quintana Roo, re-
production, road-kills, seasonality, snake survey

ResuMEN: Presentamos datos y observaciones sobre las especies de serpientes Imantodes tenuissimus,
Lampropeltis triangulum 'y Stenorrhina freminvillii registradas durante muestreos realizados cada 15 dias
desde febrero de 2010 hasta octubre de 2017, a lo largo de un transecto de carretera de 39 km cercano a
la ciudad de Chetumal (Quintana Roo, México). De cada una de estas especies presentamos datos sobre
morfologia externa, estacionalidad, distribucion espacial, reproduccion y dieta.

Palabras Claves: Colubridae, dieta, dinamica poblacional, Dipsadidae, Mexico, mortalidad por atropello,
muestreo y monitoreo de serpientes, Quintana Roo, reproduccion, temporalidad
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INTRODUCTION

In previous articles (Kohler et al., 2016a, b, ¢, 2017), we introduced our long-term snake survey study based on
snakes found along a 39 km road transect in southern Quintana Roo, Mexico. Here we report the data for three
species of snakes of the genera Imantodes, Lampropeltis, and Stenorrhina, generated from road-killed specimens
and supplemented by observations of living individuals found on the road during our nocturnal surveys. From 13
February 2010 to 28 October 2017, we recorded 32 specimens of I. tenuissimus, 13 of L. triangulum, and 15 of
S. freminvillii (see Appendix 1 for list of specimens examined). For measurements, we use the abbreviations SVL
(snout—vent length) and TL (tail length). Most recent authors have accepted the taxonomy for the Lampropelltis tri-
angulum species complex proposed by Ruane et al. (2014). In this work, however, the authors did not include any
samples from the Yucatan Peninsula, and thus their assignment of the taxon occurring in this region to L. abnorma
was conjecture, as evidenced by the question marks on their maps (p. 233) and statement that this species “likely”
occurs on the Yucatan Peninsula (p. 247). Whereas we appreciate the substantial increase in systematic knowledge
provided by Ruane et al. (2014) and concur that this complex of snakes consists of several distinct species, we
prefer to refer to the taxon in this article as Lampropeltis triangulum until the systematics of this group of snakes is
clarified for this geographic portion of its range.

SPECIES ACCOUNTS

Imantodes tenuissimus (Cope, 1867)

Material: We collected 28 specimens of Imantodes tenuissimus (Fig. 1), of which we identified 21 as males,
seven as females, and one of undetermined sex. Additionally, we recorded three live individuals, an adult male and
two individuals of undetermined sex, found crossing the road.

Fig. 1. Imantodes tenuissimus in life. (A) Not collected (campus of ECOSUR, Chetumal, Quintana Roo, Mexico); and (B) SMF 100328
(subadult male). #® © J. Rogelio Cedeno-Vazquez (A) and Gunther Kohler (B)

External morphology: See Table 1 for variation in selected morphometric and scalation characters.

Diet: In the gastrointestinal tract of three specimens of Imantodes tenuissimus (ECO-CH-H 3460, 3714, SMF
103699) we found remains of Norops, mostly mandibular bones, skin fragments, and foot parts (Fig. 2). Along with
the Norops remains, ECO-CH-H 3714 also contained an undigested soft-shelled lizard egg, which we assume came
from the consumed lizard.
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Table 1. Selected measurements, proportions, and scale characters of Lampropeltis triangulum, Stenorrhina freminvillii, and
Imantodes tenuissimus. Range is followed by mean value and standard deviation in parentheses. See text for abbreviations.

Lampropeltis triangulum Stenorrhina freminvillii Imantodes tenuissimus
a7 a7 a 20
?1 ?s Q7
SVL (mm) Males 394-895 (515.2 £ 213.81) 323-630 (536.3 £ 104.79) 437-670 (537.2 £ 60.13)
Females 793 (739.0 +0.00) 480-638 (572.6 £ 78.13) 493-637 (560.9 + 44.10)
TL/SVL Males 0.18-0.19 (0.182 £ 0.0056) 0.15-0.18 (0.164 £ 0.0101) 0.45-0.50 (0.471 + 0.0180)
Females 0.18 (0.179 + 0.0000) 0.13-0.14 (0.131 £ 0.0050) 0.44-0.45 (0.445 £ 0.0070)
Ventrals Males 210-222 (216.2 £4.84) 154-174 (165.2 + 5.79) 232-250(244.7 £ 4.61)
Females 142 (142.0 £ 0.00) 165-174 (167.8 £ 3.63) 240-252 (246.3 £5.62)
Subcaudals Males 52-58 (54.4+£2.13) 30-34 (31.7 £ 1.50) 150-164 (155.9 £ 3.63)
Females 41 (41.0 £ 0.00) 27-29 (28.0 £ 1.15) 140-151 (145.9 + 3.80)
Number of dorsal scales rows at midbody 21-23 (22.8 £ 0.63) 17 (17.0 £ 0.00) 17 (17.0 £ 0.00)
Number of dorsal scales rows anterior to vent 14-19 (18.1 £ 1.66) 17 (17.0 £ 0.00) 17 (17.0 £ 0.00)
Cloacal scute undivided divided divided
Number of loreal scales 0-1(1.0£0.16) 0-1(0.7+0.44) 1 (1.0+0.00)
Number of preocular scales 1 (1.0+0.00) 0-1(1.0+0.14) 1 (1.0+0.00)

Number of postocular scales

1-2 (1.7 £ 0.48)

1-2 (2.0£0.29 )

1-3 (2.0 £2.77)

Number of anterior temporals

2 (2.0 +0.00)

1 (1.0 +0.00)

1-2 (1.6 £ 0.43)

Number of posterior temporals

2-3(2.9+0.32)

2 (2.0 +0.00)

1-3(1.9+0.29)

Number of supralabials

7-8 (7.1 % 0.16)

6-7 (7.0 + 0.14)

7-9 (8.1 +0.34)

Number of infralabials

89 (8.2 £ 0.26)

7 (7.0 £ 0.00)

811 (9.8 % 0.59)

Fig. 2. Remains of food items found in the gastrointestinal tract of /mantodes tenuissimus. (A) Egg, mandibular and maxillary bones, toe of
Norops from ECO-CH-H 3714; and (B) Norops foot from SMF 103699. Scale bar equals SmminA,and l mminB.  #8 © Gunther Kéhler
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Reproduction: The dissection of six male and five female specimens of Imantodes tenuissimus yielded data
on reproduction (also see Fig. 3). The relative testis size (ratio of testis length x width/SVL) in the six males was
0.016—0.050 (0.037 £ 0.011). We found the largest relative testis size in a specimen collected on 29 August, and the
smallest in a specimen preserved on 29 July. The relative ovary size (ratio of ovary length x width/SVL) in the five
females was 0.025-0.072 (0.050 £ 0.018). We detected the largest relative ovary size in a female collected on 10
October and the smallest in a female collected on 1 November. Three females had countable follicles. The number
of vitellogenic follicles per side ranged from 3 to 5. The follicle length was 2.4—6.7 (3.98 + 1.75), and the follicle
width 1.6-2.2 (1.94 + 0.25). None of our specimens contained oviducal eggs.

Fig. 3. Specimens of /mantodes tenuissimus dissected to study their gonads. (A) ECO-CH-H 3701 (male); (B) SMF 103696 (male); (C)
SMF 103701 (male); (D) ECO-CH-H 3594 (female); (E) ECO-CH-H 3714 (female); and (F) SMF 100540 (female). The testes and follicles,
respectively, are indicated by arrows. Scale bars equal 5 mm. #® © Gunther Kohler
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Seasonality: See Figure 4 for the temporal distribution of the 31 individuals of /mantodes tenuissimus en-
countered on our road transect from 13 February 2010 to 28 October 2017. We found this species year-round, but at
higher frequency in the first half of the year (February through August).

Distribution in the transect: We recorded this species throughout the 39 km road transect (Fig. 5). We found
3.5% of the specimens in areas surrounded by cropland, 6.9% near settlements, 13.8% in areas surrounded by veg-
etation-covered open habitat, 3.4% adjacent to tree plantations, and 72.4% adjacent to natural forest.
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Fig. 4. Diagram showing the frequency distribution of collected specimens of Imantodes tenuissimus during the course of the year.

Lampropeltis triangulum (Lacépéde, 1789)

Material: We collected 11 specimens of Lampropeltis triangulum (Fig. 6), of which we identified 10 as
males, and one as a female. Additionally, we recorded two live individuals, an adult male and one individual of
undetermined sex, found crossing the road.

External morphology: See Table 1 for variation in selected morphometric and scalation characters.

Diet: We identified the remains of a Gaumer’s Spiny Pocket Mouse (Heteromys gaumeri) in the gastrointes-
tinal tract of one specimen (SMF 103693; Fig. 7A-E). Several of the preserved specimens of Lampropeltis triangu-
lum contained undigested hairs of small mammals (Fig. 7F).

Reproduction: The dissection of one male and one female specimen of Lampropeltis triangulum yielded data
on reproduction (Fig. 8). The testis size in SMF 103693, collected 6 August 2011) was 50.6 mm x 5.9 mm (relative
testis size 0.334). The ovary size in ECO-CH-H 3501, collected 8 July 2015, was 43.9 mm x 3.9 mm (relative ovary
size 0.216) on the right side and 28.1 mm x 4.7 mm (relative ovary size 0.167) on the left side. It contained one
vitellogenic follicle on the right side and four on the left, with a follicle size ranging from 7.1 mm x 4.1 mm (right
side) to 8.1 x 4.1 mm (left side).
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Fig. 5. Spatial distribution of the collected specimens (black dots with white margins) of Imantodes tenuissimus along the transect.
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Fig. 7. Remains of food items found in the gastrointestinal tract of Lampropeltis triangulum. (A—E) Remains of a Gaumer’s Spiny Pocket
Mouse (Heteromys gaumeri) from the gastrointestinal tract of SMF 103693; (F) Undigested hairs of a small mammal from the gastrointestinal
tract of ECO-CH-H 3057. Scale bar equals 1 mm in A-E, and 5 mm in F. & © Gunther Kohler
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Seasonality: See Figure 9 for the temporal distribution of the 13 individuals of Lampropeltis triangulum en-
countered on our road transect from 13 February 2010 to 28 October 2017. All our specimens were collected during
the spring and summer months (February through August).

Distribution in the transect: We recorded this species throughout the 39 km road transect (Fig. 10). We
found 7.7% of the specimens in areas surrounded by vegetation-free open habitat, 7.7% in areas surrounded by
vegetation-covered open habitat, and 84.6% adjacent to natural forest.

Fig. 8. Specimens of Lampropeltis triangulum dissected to study their gonads. (A) SMF 103693 (male); and (B) ECO-CH-H 3501 (female).
The testes and follicles, respectively, are indicated by arrows. Scale bars equal 5 mm. #® © Gunther Kohler

el

Bt

=

o

b  Mar Apr M

Jan Fe ay June  July  Aug  Sept  Oct MNov  Dec

Fig. 9. Diagram showing the frequency distribution of collected specimens of Lampropeltis triangulum during the course of the year.
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Fig. 10. Spatial distribution of the collected specimens (black dots with white margins) of Lampropeltis triangulum along the transect.
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Stenorrhina freminvillii (Duméril, Bibron & Duméril, 1854)

Material: We collected 15 specimens of Stenorrhina freminvillii (Fig. 11), of which we identified 10 as
males, and five as females.

External morphology: See Table 1 for variation in selected morphometric and scalation characters.

Diet: Seven of 12 dissected Stenorrhina freminvillii contained remains of bird spiders (most probably
Brachypelma vagans) in its gastrointestinal tract (Fig. 12A). These were collected in the months of January (3
specimens), March (2), August (1), and November (1). In one specimen (SMF 103679), we found the remains of a
scorpion and a whip spider (Amblypygi) (Fig. 12B).

Fig. 11. Stenorrhina freminvillii. (A) Freshly dead individual from Xcalak, Quintana Roo, Mexico; and (B) in life (Rancho Santa Lupita,
between Bacalar and Reforma, Quintana Roo, Mexico). #® ©J. Rogelio Cedeno-Vazquez

Fig. 12. Remains of food items found in the gastrointestinal tract of Stenorrhina freminvillii. (A) Bird spider from SMF 103681; and (B)
Amblypygi remains from SMF 103679. Scale bar equals 10 mm in A, and 5 mm in B. & © Gunther Koéhler

Reproduction: The dissection of four specimens of Stenorrhina freminvillii (2 males, 2 females) yielded
data on reproduction (Fig. 13). The relative testis size (ratio of testis length x width/SVL) in the two males was
0.165 (collected 16 January 2016) and 0.195 (29 August 2015). The relative ovary size (ratio of ovary length x
width/SVL) in the two females was 0.322 right / 0.369 left (collected 13 April 2013) and 0.293 right / 0.390 left (15
October 2017). In the female specimen (SMF 100694, collected 15 October 2017) contained 7 vitellogenic follicles

Mesoamerican Herpetology 783 December 2017 | Volume 4 | Number 4



Kohler et al. Chetumal Snake Census, Part 5

on the right side and 6 on the left, with a follicle size ranging from 4.6 x 4.2 mm to 6.6 x 3.2 mm (Fig. 13A). In the
second female specimen (SMF 103681; SVL 655 mm, collected 14 January 2017) we counted 6 follicles on one
side, with a follicle size ranging from 4.1 x 2.5 mm to 5.8 x 5.5 mm (Fig. 13B). None of our specimens contained
oviducal eggs.

Seasonality: See Figure 14 for the temporal distribution of the 15 individuals of Stenorrhina freminvillii en-
countered on our road transect from 13 February 2010 to 28 October 2017. All our specimens were collected during
the months of October through April with only one individual found during the months of May through September.

Distribution in the transect: We recorded this species mostly on the portion of our road transect between
Calderitas and Laguna Guerrero; no specimen was found along the coastal road (Fig. 15). We found 21.4% of the
specimens in areas surrounded by vegetation-covered open habitat and 78.6% adjacent to natural forest.

Fig. 13. Specimens of Stenorrhina freminvillii dissected to study their gonads. (A) SMF 100694 (female); (B) SMF 103681 (female). The
follicles are indicated by arrows. Scale bar in A equals 5 mm. #® © Gunther Kdhler (A) and Nidia Gabriela Blanco Campos (B)
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Fig. 14. Diagram showing the frequency distribution of collected specimens of Stenorrhina freminvillii during the course of the year.
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Fig. 15. Spatial distribution of the collected specimens (black dots with white margins) of Stenorrhina freminvillii along the transect.
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DISCUSSION

We depict the annual number of collected specimens of the three species treated in this article in Figure 16. In
Imantodes tenuissimus, a distinctive peak was evident in 2014, with gradually lower frequencies in the following
years. For Lampropeltis triangulum we could not detect a clear trend of their occurrence during this almost eight-
year period. Mostly, one or two individuals of this species were collected annually. We did not collect Stenorrhina
freminvillii during the first three years of our study, and then observed a gradual increase in collecting frequency.
Regarding the distribution of these three species within the transect, all were collected most frequently near natural
forest. Whereas most snake species we documented along our road transect were found more frequently during the
warmer and wetter summer months, S. freminvillii exhibits a contrasting pattern of seasonal activity. Most speci-
mens we collected were found during the colder and dryer winter months, between October and March, with just
a single individual encountered in April and August, respectively. We interpret our data as evidence for reduced
activity in this species during the rainy season, in response to higher rates of precipitation. Although this period
of reduced activity coincides with the summer months, technically it can not be called aestivation because this
term is defined as a state of animal dormancy characterized by inactivity in response to high temperatures and arid
conditions, and thus opposite of the conditions that seem to trigger the rainy season dormancy in the S. freminvillii
studied by us. Presumably, this is a regional phenomenon in the relative humid Chetumal area, and populations of
this species likely exhibit different annual patterns of seasonality in more arid regions.

Imantodes tenuissimus is a poorly known nocturnal snake that has been assumed to feed on lizards and frogs
(Lee, 1996). Our findings confirm that anoles form a substantial portion of the species’ diet. Lee (1996) reported
upon a specimen of this species that contained three eggs.

In the Yucatan Peninsula, Lampropeltis triangulum has been noted to feed predominantly on small mammals,
but also consumes lizards, small snakes, and frogs (Lee, 1996; Campbell, 1998). The preference for small mammals
is supported by our dissection data of this species.

Stenorrhina freminvillii has been reported to feed on insects, spiders, and scorpions (Lee, 1996; Campbell,
1998; McCranie, 2011, and references therein). Our dissection data for this species are in agreement with these
observations.

10

o . : . . . : |
2010 2011 2012 2013 2014 2015 2016 2017

Fig. 16. The annual number of collected specimens of the three species treated in this paper. Imantodes tenuissimus (blue graph); Lampropeltis
triangulum (red graph); and Stenorrhina freminvillii (green graph).
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Appendix 1. Specimens examined.

Imantodes tenuissimus—MEXICO: QUINTANA ROO: between Calderitas and Ruinas de Oxtankah: ECO-CH-H
3460, 4066, SMF 103695, 103701; between Calderitas and turn to Laguna Guerrero: ECO-CH-H 3853, SMF 99614,
100328, 100540, 103694, 103696; between Laguna Guerrero and turn to Calderitas: ECO-CH-H 3206, 3373, 3448,
3481, 3594, 3701, 3708, 3974, SMF 100542-43, 103698, 103700; between Luis Echeverria and Ruinas de Oxtankah:
ECO-CH-H 3714, SMF 100544, 103699; between Luis Echeverria and turn to Laguna Guerrero: ECO-CH-H 3205,
3705, SMF 103697.

Lampropeltis triangulum. —MEXICO: QUINTANA ROO: between Calderitas and Ruinas de Oxtankah: ECO-CH-H
2920, 3970; between Calderitas and turn to Laguna Guerrero: ECO-CH-H 2919, SMF 100545, 100547-48; between
Laguna Guerrero and turn to Calderitas: ECO-CH-H 3057, SMF 100546; between Luis Echeverria and turn to Laguna
Guerrero: ECO-CH-H 3388, 3501; village of Laguna Guerrero: SMF 103693.

Stenorrhina freminvillii—MEXICO: QUINTANA ROO: between Calderitas and turn to Laguna Guerrero: ECO-CH-H
3520, 3607, 3688, 3831, SMF 100694-95, 103680-81; between Laguna Guerrero and turn to Calderitas: ECO-CH-H
3188, 3408, 4068, SMF 103679, 103682; between Luis Echeverria and Ruinas de Oxtankah: ECO-CH-H 3599, 3684.
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