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Abstract—The Tzabcan Rattlesnake (Crotalus tzabcan) is a highly secretive species that is difficult to observe and
follow in the field and any information that can be generated is essential to gain a better understanding of its
biology and ecology. Crotalus tzabcan is a large and heavy-bodied species, with a maximum snout-vent length of
1,667 mm and a total length of 1,818 mm. It is endemic to the Yucatan Peninsula, and very little is known about its
natural history. We provide data on life history, activity, and morphology based on specimens that we obtained in
recent field surveys, museums, and anecdotal observations. Crotalus tzabcan does not present sexual dimorphism
in snout-vent length or total length, but males have heads and tails that are significantly longer than females. We
observed an ontogenetic color change, where newborns and juveniles had a darker base color and blotches than
adults. Crotalus tzabcan showed a unimodal activity pattern with peak activity in the summer. We observed
crepuscular and nocturnal activity during the warmer months and diurnal activity during the cooler months. The
timing of C. fzabcan reproductive events, based on behavioral evidence and activity, is similar to other pitvipers
and rattlesnakes from temperate and tropical zones. We encourage additional research on behavior, physiology,
histology, and on how environmental conditions influence life-history traits, to determine the reproductive cycle in
both sexes more accurately, which could subsidize conservation strategies.

Key Words.—mating; ontogenetic color change; rattlesnake; sexual dimorphism; unimodal activity pattern; Yucatan
Peninsula

INTRODUCTION

The Tzabcan Rattlesnake (Crotalus tzabcan Klauber,
1952), a large and heavy-bodied snake endemic to the
Yucatan Peninsula, is a highly secretive species difficult
to observe and follow in the field. Despite its relatively
wide distribution, previous studies have only addressed
morphology, and information on the life history of this
species and its activity in the wild is scarce (Klauber
1952; Armstrong and Murphy 1979; Lee 1996). Crotalus
tzabcan 1is listed in the Red List of the International
Union for the Conservation of Nature (IUCN) as Least
Concern (Acevedo etal. 2014) and is not considered to be
endangered in Mexico (Secretaria de Medio Ambiente y
Recursos Naturales, México [SEMARNAT] 2010). Yet
it is Highly Vulnerable according to the Environmental
Vulnerability Score (Wilson et al. 2013) and occupies
the 12th position of the ecological and evolutionary
distinctiveness index for conservation prioritization of
world vipers (Maritz et al. 2016). Factors like habitat
loss, disease, or the presence of introduced species can
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cause a species to become threatened. Life-history
traits (e.g., time of juvenile recruitment, size at birth,
and sexual dimorphism), however, play an important
role in determining the sensitivity or resilience of
species to these stressors and constitute the raw data
for building the population models used in extinction
risk assessments and management programs of
endangered species (IUCN 2001; Lindenmayer and
Burgman 2005). Understanding life-history traits is
therefore critical for species conservation. Our goal
in this study was to provide information about the life
history, activity patterns, and morphology of C. tzabcan,
based on specimens that we obtained in recent field
surveys, museums, and isolated observations, which
serve as a baseline for future studies on the ecology and
conservation of Crotalus tzabcan.

MATERIALS AND METHODS

Study area—We conducted this study at different
locations across the Yucatan Peninsula (in the
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states of Campeche, Quintana Roo, and Yucatan) in
Mexico. This region is a calcareous platform with
great heterogeneity in its geological gradients, and
a combination of geomorphological, climatological,
hydrological, edaphic, and ecological factors
promoted the development of a particular type of
biodiversity, resulting in a distinctive biogeographical
unit (Torrescano-Valle and Folan 2015). Warm and
relatively homogeneous temperatures throughout the
year (averages between 25.5-26.7° C) are characteristic
of the climate in this region. There is a prolonged dry
season from November to April (< 60 mm of rainfall
per month), a wet season from May to October (> 60
mm of rainfall per month), and between December and
February there are occasional winter rainfalls due to cold
fronts. The main types of vegetation are low deciduous
forests, low semi-deciduous forests with columnar cacti,
low and medium semideciduous forests, high, medium,
and low semi-evergreen forests, high evergreen forest,
savannas, palm groves, mangroves, coastal dunes,
marshes, tulles, and reed beds (Vidal-Zepeda 2005;
Torrescano-Valle and Folan 2015).

Field methods.—We conducted monthly field
surveys for 5-15 d, from January to December 2015.
We selected sampling sites based on collections reported
in the literature (Lee 1996) and those in electronic
databases with the highest concentration of historical
records (Global Biodiversity Information Facility. 2018.
GBIF, biodiversity data. Available from http://www.
gbif.org. [Accessed 8 January 2015]; National Science
Foundation. 2018. VertNet. Version 2016-09-29.
Available from http://www.vertnet.org. [Accessed 10
January 2015]). A minimum of two people performed
visual encounter surveys by day (0800—1100) and at night
(1800-2200). We also carried out road surveys close
to the visual survey sites to search for snakes at night
(1930-0000). We conducted additional opportunistic
road surveys, without calculating the sampling effort,
throughout 2016-2017 in areas surrounding Chetumal,
Quintana Roo, Mexico.

We captured rattlesnakes using tongs and tubes, then
we recorded the time, date, coordinates, and location of
each capture. For every snake, we measured the snout-
vent length (SVL; £ 1 mm) and tail length (TL; = 1 mm)
with a measuring tape and head length (HL; + 1 mm) with
a digital caliper. We used only HL measures because
they varied less than head width when dealing with road-
killed snakes. We determined sex by cloacal probing or
by everting hemipenes. We palpated females to detect
embryos or enlarged follicles. To evaluate the ontogenetic
change in color, we considered only live or freshly killed
specimens and two pattern categories (approximated with
a binary scale, dark versus light color), and excluded all
preserved specimens due to loss of original pigmentation.

Additionally, we obtained data for 14 morphological
characters: number of ventral scales (VEN), subcaudal
scales (SBC), midbody dorsal scale rows (MDR), midtail
dorsal scale rows (MTR), dorsal body blotches (DBB),
bands on the tail (TLB), number of scales widthwise
on paravertebral stripes (transverse count; WPS),
number of scales lengthwise on the paravertebral stripes
(longitudinal count; LPS), number of supralabial scales
(SLS), number of infralabial scales (ILS), presence of
intercanthals (ICS), presence versus absence of a divided
first infralabial scale (DFI), presence versus absence of
the postrostral scale (PRT), and presence versus absence
of contact between the prenasal and the first supralabial
scale (PRE-SLS). In the results, we present these data
as mean * one standard deviation. We processed live
snakes in situ and released them immediately after
gathering data. We stored road-killed specimens and
those killed by local people in 70% ethanol and deposited
them in the herpetological collection of El Colegio de la
Frontera Sur (ECO-CH-H) in Chetumal, Quintana Roo,
Mexico. We also checked 30 specimens (with complete
collection data) that others deposited in the ECO-CH-H
collection from 1992-2013. Additionally, we included
anecdotal behavioral observations of C. tzabcan that we
obtained during visual encounter and road surveys.

Analyses.—We used all the specimens available to
us (live, freshly road-killed, and museum specimens)
and considered the capture frequency to be an indicator
of general activity. Herein, general activity corresponds
to any animal activity on a substrate surface (e.g.,
basking, foraging, searching for mates) that increased
the probability of encounter. Variables were normal
(Kolmogorov-Smirnov  test) and homoscedastic
(Levene test). We tested for differences in SVL and
total length (TTL) between adults of both sexes with
the Student #-test for normal data. We calculated the
degree of sexual size dimorphism in SVL following
Gibbons and Lovich (1990) and Shine (1994). We used
Analyses of Covariance (with SVL as the covariate)
to detect differences in relative tail length (RTL) and
relative head length (RHL) between ages and sexes after
we log transformed all variables to meet assumptions
of parametric testing, and we tested the assumption
of homogeneity of regression slopes. We performed
Mann-Whitney U-tests for ordinal scale characters,
and Fisher’s Exact Test for nominal scale characters to
compare males and females.

We delimited the seasons of the year based on
the equinoctial and solstitial periods in the Northern
Hemisphere: Spring (21 March to 21 June), Summer
(22 June to 22 September), Autumn (23 September
to 21 December), and Winter (22 December to 20
March). We used Fisher’s Exact Test to evaluate capture
frequency differences in age classes and sexes among
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TaBLE 1. Sample sizes (n), mean (+ standard deviation), and range (below means) of snout-vent length (SVL, mm), tail length (TL,
mm), relative tail length (RTL, % of SVL), total length (TTL, mm), head length (HL, mm), and relative head length (RHL, % of SVL) of
newborn, juvenile, and adult Tzabcan Rattlesnake (Crotalus tzabcan) specimens found during 2015-2017 in the Yucatan Peninsula, and
specimens from the Herpetological Collection of El Colegio de la Frontera Sur (ECO-CH-H). Abbreviations are: NM = newborn male,
NF = newborn female, JM = juvenile male, JF = juvenile female, AM = adult male, AF = adult female.

NM NF M JF AM AF
n 10 5 10 5 14 8
SVL 328.9+41.6 331.6 £29.6 523.1 +106.3 482.6 +62.7 1245.3 £277.1 1340+ 125.5
255-388 292-361 410-676 415-550 743-1667 1100-1515
TL 342+4 29+5.8 51+104 38.8+6.2 128 +31.1 98.2+4.7
28-38 24-38 41-66 31-47 75-168 90-104
RTL 104+1.3 88+23 9.7+0.3 8+0.7 10.2+0.8 10.2+0.8
8.2-12.8 7.2-13 9.2-10.2 7.2-8.9 9-11.5 6.9-8.1
TTL 363.1+£43.6 360.6 +28.1 574.1 £ 116.7 521.4+67.8 1373.4 £ 306.7 1438.2 +£129.5
285-426 330-391 452-741 451-593 818-1818 1190-1619
HL 255+38 23.8+23 333+4.0 29+39 55.7+7.7 545+5.6
20-32 20-26 28-40 23-33 40-67 45-60
RHL 7.7+0.8 7.1+0.3 62+0.5 6.1 +0.6 4.6+0.5 4.0+£0.3
6.8-9.3 6.8-7.5 5.4-7.0 5.5-7.2 4.1-5.4 3.8-4.5

seasons. For all these analyses, we considered an adult
to be an individual with a TTL > 800 mm (based on
the minimum reproductive size of the closely related
South American Rattlesnake, C. durissus; Almeida-
Santos et al. 2004a,b; Barros et al. 2012), a newborn to
be an individual with only a prebutton, a single button
or a button with a second rattle (Klauber 1940), and a
juvenile to be an individual with a TTL < 800 mm and
with more than two buttons on the rattle. We performed
all statistical analyses in Statistica (StatSoft Inc.,
Tulsa, Oklahoma, USA), and considered results to be
statistically significant when P < 0.05.

REsuLTS

We examined 52 specimens, of which 22 were
live individuals or freshly road-killed (January 2015
to February 2017) and 30 were from the ECO-CH-H
collection (September 1992 to August 2013). During our
visual encounter surveys (sampling effort: 390.5 search-
hours), we only found two live rattlesnakes (encounter
rate: one snake per 195.2 search-hours). During the
nocturnal road surveys in 2015, we only found four
freshly road-killed rattlesnakes (sampling effort:
4,913.6 km; encounter rate: one snake per 1,228.4 km).
We found the remaining 16 specimens (two live and 14
freshly road-killed) during nocturnal road surveys in the
outskirts of Chetumal, without recording the sampling
effort.

The largest male in our sample measured 1,818 mm
TTL (SVL = 1,667 mm, TL = 151 mm), and the largest
female, 1,619 mm TTL (SVL = 1,515 mm, TL = 104
mm). The SVL of C. tzabcan adult males and females
was not significantly different (¢ =-0.901, df = 20, P =
0.373), although females were generally slightly larger
(Table 1). The degree of sexual size dimorphism in

SVL was 0.07. We found no significant difference in
TTL between sexes (1 =-0.564, df =20, P =0.777), but
adult females were generally longer. Adult females had
significantly shorter tails (RTL) than adult males (£'1,20
= 83.62, P <0.001). Adult female heads (RHL) were
significantly shorter than those of adult males (F
83.54, P <0.001; Table 1).

All the specimens we analyzed had a vertebral ridge
process, which is typical for neotropical rattlesnakes. We
found paired inter-nasal scales and paired canthal scales
in all specimens, whereas the inter-canthals were absent,
which is typical for C. tzabcan. All specimens had 10
scales bordering the rattle, except for one individual that
had 12 scales. Males were significantly different from
females only in VEN (Z = -4.57, P < 0.001), the latter
having more scales, and SBC (Z=15.97, P <0.001) and
TLB (Z = 3.14, P = 0.001), both of which were higher
in males. We found no significant differences between
sexes in MDR (Z=1.06, P =0.200), MTR (Z=1.3,P=
0.196), DBB (Z=0.43, P =0.662), WPS (Z=0.54, P =
0.581), LPS (Z=-1.65, P=0.094), SLS (Z=-0.64,P=
0.513) or ILS (Z = -0.69, P = 0.488; Table 2). Finally,
we found no significant differences between sexes in the
presence of DFI (males = 26 of 33; females = 13 of 19;
Fisher’s Exact Test, P = 0.469; present in 75% of all
specimens), PRT (males = five of 33; females = zero of
19; Fisher’s Exact Test, P = 0.144; absent in 90.4% of all
specimens), and PRE-SLS (males = 31 of 33; females =
19 of 19; Fisher’s Exact Test, P = 0.523; 96.1% of all
specimens).

We found that the color pattern of the 22 live and
freshly road-killed newborn/ juveniles and adults
differed: the newborn/ juveniles were darker than
adults, and the largest juvenile with a dark coloration
had an SVL of 676 mm, whereas the largest juvenile
with a light pattern had an SVL of 680 mm (Table

19
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Ficure 1. A newborn Tzabcan Rattlesnake (Crotalus tzabcan)
that we found during crepuscular activity at Chichén Itza, Yucatan,
Mexico, 13 July 2015. (Photographed by Rubén Alonso Carbajal-
Marquez).

3). Also, coloration between sexes did not differ. All
adults were lighter than newborn/ juveniles. Juveniles
possess a darker background color and black to brown
dorsal blotches (Fig. 1). As they grow, this coloration
becomes lighter, and adults display a lighter base color
and reddish dorsal blotches (Figs. 3-5).

Crotalus tzabcan activity peaked during the summer
(31 records including adults, juveniles, and newborns)
and autumn (14 records including juveniles and adults;
Fig. 2). Both sexes were equally active in the summer
(Nmales = 18, Nfemales = 13) and autumn (Nmales =
10, Nfemales = four; Fisher’s Exact Test, P = 0.302);
however, we only found newborns in the summer. The
activity of adults and juveniles did not differ between
the summer (Nadults = nine, Njuveniles = seven) and
autumn (Nadults = eight, Njuveniles = six; Fisher’s
Exact Test, P = 0.621). There was also no difference
in activity between sexes during the summer (Nmales
= eight, Nfemales = eight); however, females were
more active at the end of this season, and males were
slightly more active than females in autumn (Nmales =
10, Nfemales = four). We only found four specimens
during the winter (two adult males and one juvenile of
each sex) and only two adult males in the spring (Fig.
2). Age classes (Fisher’s Exact Test, P = 0.120) and
sexes (Fisher’s Exact Test, P = 0.462) did not differ
significantly between the dry (November-April) and
rainy (May-October) seasons (Fig. 2).

Females were less active during the winter and
spring, and we only found a single juvenile specimen
in the winter. Meanwhile, we found three males in
the winter and two in the spring (Fig. 2). We did not
detect enlarged follicles or embryos in the analyzed
specimens. Based on the behaviors that we observed,
females probably become gravid in late winter and early
spring. This coincides with an increase in environmental
temperature. After a gestation period of approximately
3—4 mo, they probably gave birth in the summer (June-
September). We found the first newborns on 25 June,
and they were active in the late afternoon and early
hours of the night (Fig.1).

TaBLE 2. Morphological character counts of both sexes of the
Tzabcan Rattlesnake (Crotalus tzabcan; n = 52) captured in
the Yucatan Peninsula, and specimens from the Herpetological
Collection of El Colegio de la Frontera Sur (ECO-CH-H).
Abbreviations are: DBB = dorsal body blotches, ILS = infralabial
scales, LPS = number of scales lengthwise on the paravertebral
stripes , MDR = midbody dorsal scale rows, MTR = midtail dorsal
scale rows, SBC = subcaudal scales, SD = standard deviation,
SLS = supralabial scales, TLB = bands on tail, VEN = ventral
scales, WPS = number of scales widthwise on paravertebral
stripes.

Male Female

Mean + SD range Mean + SD range
VEN  1813+2.6 175-187 186.6 3.6  181-194
SBC 31+1.0 28-32 235+ 1.1 21-25
MDR 28+ 1.0 26-29 27.2+0.86 26-29
MTR 122+1.2 11-14 11.7 +0.64 11-13
DBB 25.1+£2.0 20-29 249+ 1.7 21-27
TLB 52+3.1 0-9 33+£23 0-6
WPS 2.1+0.41 2-3 2+042 1-3
LPS 22.8+6.0 11-38 25.7+59 15-42
SLS 152+1.2 13-17 15.4+0.98 14-17
ILS 16.1+1.2 14-20 162+ 1.0 14-18

On 26 November 1998 at 2020 in Calakmul,
Campeche, Mexico, we found a copulating pair of C.
tzabcan. We found another pair during copulation 29
November 2016 at 1050 in Calakmul (Fig. 3). We did
not take any additional data on either of these occasions
so as not to interrupt copulation. Most of the specimens
were active (mainly crossing roads) late in the afternoon
and during the night in the summer and autumn
months. These copulation events and the presence of a
subadult individual (probably a female, based on the tail
length) basking on a dirt road between Calderitas and
Luis Echeverria in northern Chetumal, Quintana Roo,
Mexico, 26 November 2016 at 1219 (Fig. 4) indicate
that C. tzabcan may be active during the day when the
temperature drops.

DiscussioN

Our study provides baseline data about the life history
and activity patterns of wild C. tzabcan specimens and
adds to the morphological data available from previous
studies (see Klauber 1952; Armstrong and Murphy 1979;
Lee 1996; Campbell and Lamar 2004). The low capture
rate of the visual and road surveys and the presence
of such a small number of specimens (collected since
1992) in the regional museum, indicate that the Tzabcan
Rattlesnake is a secretive species that is difficult to find
and follow in the field. This is also true for other species
of rattlesnakes, although some are usually abundant (see
Klauber 1972; Campbell and Lamar 2004).
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FiGure 2. Number of newborns, juveniles, and adults of Tzabcan Rattlesnake (Crotalus tzabcan) that we found during this study in the
Yucatan Peninsula, per month and season of the year, based on the equinoctial and solstitial periods in the Northern Hemisphere: Spring
(21 March to 21 June), Summer (22 June to 22 September), Autumn (23 September to 21 December), and Winter (22 December to 20
March). Gray bar below X axis indicates the rainy season (May-October).

Crotalus tzabcan is sexually dimorphic in TL and HL
(females have relatively shorter heads and tails) but not
in SVL and TTL. Similarly, the closely related species
C. durissus and the Central American Rattlesnake (C.
simus) are also not sexually dimorphic in SVL and
TTL, and the sexual difference in TL may be due to the
presence of hemipenes (Solorzano and Cerdas 1988;
Barros et al. 2012). The degree of sexual dimorphism
in C. tzabcan SVL is closer to the lower portion of the
range reported for other rattlesnakes (-0.01 to -0.29;
Shine 1994; Almeida-Santos 2005; Martins et al. 2012).

Bl

Additionally, the shorter HL of females suggests that
sexual differences may influence the size of prey they
consume; however, Carbajal-Marquez et al. (2020a)
could not find evidence to support this. Male body size
is positively correlated with mating success in many
snake species known to have male combat, including
rattlesnakes (see Shine 1978). Therefore, this difference
in head length between sexes probably favors the combat
between males for access to mates, but we are unaware
of any published studies that address this relationship.
Sexual size dimorphism in head length may also be due

FiGure 3. A pair of Tzabcan Rattlesnake (Crotalus tzabcan) during copulation in Calakmul, Campeche, Mexico, 29 November 2016.
(Photographed by Eduardo M. Pérez-Gamez).

<
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FIGURE 4. A subadult Tzabcan Rattlesnake (Crotalus tzabcan)
basking on a dirt road in Chetumal, Quintana Roo, Mexico, 26
November 2016. (Photographed by Fernando A. Aguilar-Santana).

to phenotypic plasticity in response to environmental
factors (Meik et al. 2012), but this requires further
testing in future studies.

We found that Crotalus tzabcan newborns from
different litters were similar in size to those from a
clutch of a female captured in the Yucatan (mean TTL
of 316 mm, range 290-350 mm, n = 21; Armstrong and
Murphy 1979) and what Klauber (1952) observed (mean
TTL of 315 mm). The size of newborns, however, varies
depending on litter and female body size (Barros et al.
2012; Citadini et al. 2012). Klauber (1952) previously
observed sexual dimorphism in VEN (higher number
in females) and SBC (higher number in males) in C.
tzabcan as we recorded in this study. This is also present
in other closely related species like the Northwestern
Neotropical Rattlesnake (C. culminatus), C. durissus,
Tehuantepec Isthmus Rattlesnake (C. ehecatl), Veracruz
Neotropical Rattlesnake (C. mictlantecuhtli), C. simus,
and in most species of the genus (Campbell and Lamar
2004; Carbajal-Marquez et al. 2020b). The absence of
sexual dimorphism in the other variables reflects the fact
that both sexes have similar SVL. The characters related
to pholidosis (arrangement of scales) were similar to
those Klauber (1952) provided, where all specimens
had two internasals, two canthals and no intercanthals.
Conversely, we obtained a lower DFI percentage (75%
versus 86%); although this was still high enough to
segregate them from other closely related species (C.
culminatus 56%; C. durissus 50%; C. ehecatl 18.7%,
C. mictlantecuhtli 0%; C. simus 0%; Carbajal-Marquez
et al. 2020b).

We observed an ontogenetic color change in C.
tzabcan from the three Mexican states in the Yucatan
Peninsula. All the newborns and juveniles (except the
largest juvenile) presented a dark pattern composed of a
sulphur yellow-smoke grey background with contrasting
black to sepia stripes and blotches and dark spots in the

FIGURE 5. An adult male Tzabcan Rattlesnake (Crotalus tzabcan)
with a light color pattern found in Yucatan, Mexico. (Photographed
by Luis F. Diaz Gamboa).

TasLE 3. Life stage, sex, and color pattern of the 22 specimens of
the Tzabcan Rattlesnake (Crotalus tzabcan) we found during this
study in the Yucatdn Peninsula. Abbreviations are SVL = snout-

vent length, TL = tail length, TTL = total length (in mm).

Color

Life Stage Sex Pattern SVL TL TTIL
Newborn Male Dark 287 28 315
Newborn Female Dark 315 24 339
Newborn Female Dark 330 24 354
Newborn Male Dark 345 38 383
Newborn Female Dark 360 31 391
Newborn Male Dark 388 38 426
Juvenile Female Dark 415 37 452
Juvenile Male Dark 426 41 467
Juvenile Female Dark 550 43 593
Juvenile Male Dark 655 66 721
Juvenile Male Dark 670 66 736
Juvenile Male Dark 676 65 741
Juvenile Female Light 680 55 735
Adult Male Light 743 75 818
Adult Male Light 833 75 908
Adult Male Light 900 85 985
Adult Female Light 1100 90 1190
Adult Male Light 1330 142 1472
Adult Female Light 1333 95 1428
Adult Female Light 1404 100 1504
Adult Female Light 1450 100 1550
Adult Male Light 1541 168 1709
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interspaces. These colors become lighter as they grow
and mature. In adults, the background color tends to
be light cream, grey or lavender, while the stripes and
blotches tend to range from mars brown to mahogany
red, and the interspaces have fewer contrasting spots
(Fig. 5). Similar to what we observed, Klauber (1952)
mentioned that C. tzabcan is a snake with conspicuous
dark brown, almost black blotches, which sharply
contrast with the light gray and brown background,
except in very large adults. Klauber (1952) also noted
that C. simus adults have a less accentuated pattern in
comparison with juveniles, although it is important to
note that he analyzed preserved specimens with faded
coloration. We also noted this trend of lighter adults in
wild C. culminatus and C. simus, which suggests that
this may be a shared character in the C. durissus species
complex.

The overall ground color of rattlesnakes is often
closely associated with their habitats (Campbell and
Lamar 2004). Therefore, this ontogenetic color change
may not only be an indication of sexual maturity but
may also be due to the different habitats each life stage
uses to bask, forage, or avoid predators (Booth 1990;
Farallo and Forstner 2012). Because an ontogenetic
change does not exist in the type of prey that C.
tzabcan consumes (Carbajal-Marquez et al. 2020a), the
ontogenetic color change does not appear to be related
with the ambush of certain types of prey. Therefore,
additional research is needed to elucidate the function
of the ontogenetic color change and how it influences C.
tzabcan behavior.

Crotalus tzabcan possesses a unimodal activity
pattern, with peak activity in the summer and autumn.
This peak coincides with the rainy season and increased
prey availability (Sanchez-Cordero 1993; Adler 1998),
so this greater activity may be due to foraging and
mating activity. This unimodal pattern is present in
the closely related species C. durissus (Salom@o et al.
1995; Tozetti and Martins 2013). We also only found
newborns in this season. Adult males were more active
in the autumn when they were most likely searching
for females. Females become less active and move
less during the winter and spring (dry/cold), probably
because they are gravid, while males remain active but
to a lesser extent. This coincides with the activity of C.
durissus, because both sexes show a high site fidelity
in the dry/cold season (Tozetti et al. 2009; Tozetti and
Martins 2013).

Our results indicate that the daily activity of C.
tzabcan during the warmer months of the rainy season
tend to be crepuscular or nocturnal, and C. tzabcan
remains active during the cooler months (autumn-
winter), especially during the day and during the night
if environmental conditions allow it; these observations
corroborate those of Lee (1996). This activity pattern
is consistent with the relatively high temperatures that

are present throughout the year in the Yucatan Peninsula
(26-28° C), although temperatures decrease somewhat
during the winter (< 22° C; Censky and McCoy 1988;
Vidal-Zepeda 2005). Other species from Mexico and
the USA such as the Western Diamondback Rattlesnake
(C. atrox), Sidewinder Rattlesnake (C. cerastes), Black-
Tailed Rattlesnake (C. molossus), and Tiger Rattlesnake
(C. tigris) also behave in a similar manner (Secor 1994;
Beck 1995). Conversely, populations of species from
farther north (e.g., Western Rattlesnake [C. oreganus]
and Prairie Rattlesnake [C. viridis]) aggregate in huge
numbers in dens during the autumn and winter and cease
all activity during this period (Campbell and Lamar
2004).

Because we witnessed C. tzabcan mating at the end
of November and a decrease in female activity during
the winter and spring, it appears that ovulation and
fertilization are not synchronous to mating, and females
store sperm. Also, we found live specimens with only
the pre-button in the summer (from late June to early
September); therefore, C. tzabcan probably gives birth
during this season, similar to anecdotal observations in
Quintana Roo and Yucatan (see Dundee et al. 1986; Lee
1996). This pattern coincides with the closely related C.
durissus and other tropical pitvipers (Saint-Girons 1982;
Schuett 1992; Almeida-Santos and Salomao 1997, 2002;
Salomao and Almeida-Santos 2002; Almeida-Santos et
al. 2004a,b); however, information on the reproductive
cycles of closely related species is scarce (see March
1928; Armstrong and Murphy 1979; Solérzano and
Cerdas 1988; Soldrzano 2004).

Temperate pitvipers also exhibit a similar timing of
the female reproductive cycle (Klauber 1972; Schuett
1992), which suggests that this trait is phylogenetically
conserved (Almeida-Santos and Salomao 1997; Ji and
Wang 2005; Santos et al. 2005; Brown and Shine 2006;
Pizzatto et al. 2008). The Pigmy Rattlesnake (Sistrurus
miliarius), a subtropical pitviper, has a seasonal
reproductive pattern that is very similar to other North
American pitvipers, except it has an extended mating
period (Lind et al. 2018). Therefore, it is possible
that the reproductive patterns of subtropical and
tropical pitvipers, including C. tzabcan, do not exactly
match those of their relatives from temperate zones.
Therefore, the reproductive cycles of C. tzabcan and
other neotropical rattlesnake species and pitvipers in
general still deserve attention.

Crotalus tzabcan is a large and heavy-bodied snake
that reaches an SVL of 1,667 mm and a total length
of 1,818 mm (this study), presents sexual dimorphism
in tail and head length (longer in males), number of
ventral scales (higher in females), subcaudals, and tail
bands (higher in males). We observed an ontogenetic
color change where newborns and juveniles have a
dark background and blotches that become lighter as
they mature. Crotalus tzabcan possesses a unimodal
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activity pattern, with increased activity in the summer
and, to a lesser extent, autumn. Depending on weather
conditions, it is crepuscular and nocturnal during the
warmer months and active during the day in cooler
months, which is similar to related species. Our
records and behavioral evidence suggest that C. tzabcan
females possess a reproductive cycle similar to other
Crotalus species, but additional research is needed.
Although current evidence suggests that C. tzabcan
seems to possess a unimodal mating pattern, the male
reproductive cycle needs to be investigated in greater
detail. The Tzabcan Rattlesnake is a highly secretive
species, difficult to observe and follow in the field.
Thus, any information that is accumulated is valuable to
obtain a better understanding of its biology and ecology.
The life-history data provided herein may be used to
optimize how time and funds are spent in monitoring
programs. Additional research is needed concerning
C. tzabcan behavior (activity, movements, habitat use,
mating, male to male combat), physiology, histology,
and how environmental conditions influence life-history
traits to gain a more accurate understanding of the
reproductive cycle in both sexes, which could inform
conservation strategies.
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