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Optimizing the Design of Artificial Shelters for the Pygmy 
Alligator Lizard (Gerrhonotus parvus) in Captivity

The genus Gerrhonotus is endemic to North America and is 
represented by seven species: G. farri, G. infernalis, G. liocephalus, 
G. lazcanoi, G. lugoi, G. ophiurus, and G. parvus. The distribution 
of the group is complex; the larger species have broad ranges, 
and the smaller species are range-restricted. The most widely 
distributed species are G. liocephalus in western and southern 
México and G. infernalis in central and northern México and 
southern Texas (Good 1994). The remaining five species have 
restricted distributions, known from small areas and only a few 
individuals. Gerrhonotus ophiurus is distributed in southern 
Nuevo Leon and Tamaulipas (Terán-Juarez et al., 2016; Nevarez de 
los Reyes et al. 2019), central and southwestern San Luis Potosí, 
eastern Querétaro, Hidalgo, Tlaxcala, Puebla, and mountainous 
areas of northern Veracruz (Lemos-Espinal and Dixon 2013). 
Gerrhonotus lugoi is found in the Basin of Cuatrociénegas, 
Coahuila (McCoy 1970), and the municipality of Mina, Nuevo 
León (García-Vázquez et al. 2016). The most recently described 
species, G. lazcanoi, is found near the town of Tula, Tamaulipas 
(Bryson and Graham 2010). Gerrhonotus parvus is known from 
the states of Nuevo León, in the municipalities of Galeana, Los 
Rayones, Santa Catarina, and Santiago (Banda-Leal et al. 2013, 
Banda-Leal et al. 2014b), and in the state of Coahuila, where it is 
documented in the municipalities of Arteaga and Saltillo (Banda-
Leal et al. 2018). 

Relatively little is known about the biology of the last four 
species—G. lugoi, G. farri, G. parvus, and G. lazcanoi. For G. lugoi, 
there is a report of reproduction in captivity, courtship, and litter 
size (Lazcano et al. 1993). For G. parvus, there is more detailed 
information about its natural history (Bryson et al. 2003), as well 
as its distribution, litter size, sympatric herpetofauna, potential 

predators, and a very limited amount of information on its 
habitat and captive management (Banda-Leal et al. 2013, 2014a,b; 
Lazcano et al. 2015; Banda-Leal 2016; Hernández-Bocardo and 
Lazcano 2018). Gerrhonotus farri and G. lazcanoi are known from 
a single specimen each, with accordingly limited information for 
each (Bryson and Graham 2010; Banda-Leal et al. 2017).

In an effort to understand the use of microhabitats by G. parvus, 
we conducted experiments using artificial refuges. Braun et al. 
(2010), Santoyo-Brito (2012), and Dodd (2016) have documented 
the need to maintain and propagate many herpetofaunal species 
in their natural habitat or in captivity in an effort to protect 
populations of threatened and endangered species. The use of 
these refuges and the restoration of habitat can be important 
factors in understanding the species’ distribution and habitat 
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Fig. 1. A) Gerrhonotus parvus male and B) G. parvus female; their 
morphological dimensions are mentioned in the text.
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preferences (Doak 1995; Webb and Shine 2000; Howes and 
Lougheed 2004; Amo et al. 2007; Bissonette and Adair 2007; Arida 
and Bull 2008; Davis et al. 2009; Thierry et al. 2009; Andersson et 
al. 2010; Monasterio et al. 2010; Bull et al. 2013; Croak et al. 2008; 
Michael et al. 2012; Croak et al. 2013; Ebrahimi et al. 2013; BenDor 
et al. 2015; Mundo-Hernández, et al. 2017; Michael et al. 2018). 
The use of artificial shelters for captive G. parvus has not been 
documented in Mexico’s zoos or university institutions. In this 
article, we attempt to address this issue.

MeThods

Over the past three years, we have been working with artificial 
shelters for G. parvus (Esquivel-Arévalo 2017; Hernández-Bocardo 
and Lazcano 2018; Hernández-Bocardo, 2019). In our experiments 
we have been using five males (mean: SVL = 57.25 mm, weight = 
8.76 g) and six females (mean: SVL = 52.50 mm; weight = 7.24 g) 
(see Fig. 1) collected since 2012 from Cañon San Isidro, Santiago, 
Nuevo Leon, Mexico. They were housed individually over a period 
of 115 days and fed twice a week, receiving 40 feedings during this 
experimental period. Their diet consisted of a variety of food 
items, including mealworms (Tenebrio molitor), crickets (Acheta 
domesticus), and Madagascan cockroaches (Gromphadorhina 
portentosa); all food items were supplemented with alternate 
dustings of finely powdered Repashy Super Foods (Repashy 
Ventures, Inc. Oceanside, California) and Revipet Vitamins and 
Minerals (PETMMAL S.A. DE C.V. Cuautitlán Izcalli, Estado de 
Mexico, Mexico).

For the experiment we used 10 experimental units (each 
measuring 90 × 68 × 37 cm), in which each G. parvus was 
individually maintained. These units were made of wood, with 

a mesh front and top for ventilation. Inside each unit, an area of 
organic substrate of bark litter (2 cm deep) was placed on one 
side (30.6 cm2); an equally sized flat rocky area with an artificial 
rocky substrate (2 cm deep) was provided on the opposite side. 
On top of the rocky substrate, we placed two different platforms, 
a high platform (HP) and a low platform (LP) measuring 22.5 × 
22.5 × 19 cm and 22.5 × 22.5 × 10 cm, respectively (see Fig. 2). 
On top of each platform, we placed a single shelter (20 × 12 × 
3.5 cm). We used two types of shelter, each with two different 
chambers, connected to the entrance by a passage. In shelter 
type 1 (S1; see Fig. 3) there was a circular chamber (CC) located 
5 cm in from the entrance (chamber type 1 [C1]), and a squared 
chamber (SC) located 12 cm in from the entrance (chamber type 
4 [C4]); once the lizard entered, it traveled through a passage 
from one chamber type to another. Shelter type 2 (S2; see Fig. 
4) has a reverse structure, with a circular chamber (CC) located 
12 cm in from the entrance (chamber type 2 [C2]), and a square 
chamber (SC) located 5 cm in from the entrance (chamber type 
3 [C3]). Our first five units had shelter type 1 placed on the high 
platform, and shelter type 2 on the low platform (considered 
as EU type 1). The following five units had shelter type 2 on the 
high platform and shelter type 1 on the low platform (EU type 
2). This was done to create a thermal gradient in both types of 
shelters, as only the high platform had a heat lamp positioned 
approximately 10 cm above the shelter. Platforms and shelters 
were made of styrofoam, cover with three layers of white cement 
(2 mm) and a water repellent, then colored with vegetable paint. 

During the 115-day experiment, the position of the 
individuals, body temperatures, and refuge temperatures were 
recorded inside each of the 10 experimental units, once at 1000 
h (Period One [P1]) and then at 1630 h (Period Two [P2]). This 

Table 1. Number of observations for each variable; LP = Low Platform; HP = High Platform; CC = Circular Chamber; SC = 
Squared Chamber.

Period Platform Observations Chamber form Observations Depth (cm) Observations

 1 LP 546 CC 383 5 396

  HP 438 SC 420 12 407

 2 LP 516 CC 362 5 374

  HP 417 SC 435 12 423

Total LP 1062 CC 745 5 770

  HP 855 SC 855 12 830

Table 2. Number of observations for each variable per platform and period. LP = Low Platform; HP = High 
Platform; CC = Circular Chamber; SC = Squared Chamber.

 Period Platform Chamber form Observations Depth (cm) Observations

 1 LP CC 186 5 203

  SC  255 12 238

  HP CC 197 5 193

  SC  165 12 169

 2 LP CC 174 5 175

  SC  240 12 239

  HP CC 188 5 199

  SC  195 12 184

Total LP CC 360 5 378

  SC  495 12 477

  HP CC 385 5 392

  SC  360 12 353
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was done by simply lifting the shelters and observing where the 
animals were, doing this as fast as possible to minimize stress. 
The morning temperatures were taken when the higher shelter 
didn’t have a heat lamp on, but at 1630 h the heat lap was on, 
which provided a thermal gradient for both shelters at two daily 
frequencies. We also obtained information about whether the 
animals were active or moving outside their refuge at both times. 
In addition, the units were misted every Monday, Wednesday, 
and Friday at 1100 h to observe whether this procedure had any 
effect on movement patterns between the refuges. The refuges 
in the lower position never had a heat source, which made the 
interior cooler. To analyze our results we used a chi-square test, 
with a significance of p > 0.05.

resulTs

After exposing our individuals to two different types of shelters 
(S1 and S2) and different positions on the platforms (HP and LP) 
in each unit, all of our results were registered in an Excel matrix. 
During this experimental period, we recorded a total of 2300 
observations. As noted above, we divided our results into two sets 
of observations, i.e., morning (1000 h) and afternoon (1630 h), 
each with 1150 observations. This was done in order to observe 
if there was any movement between 1630 h and the following 
morning at 1000 h. Of the 2300 observations, 1917 (83.3%) 
corresponded to the use of either of the two shelters; the rest of the 
data corresponded to the use of any other area within the units. 

During Period 1 (P1) when there was not a temperature 
gradient, the shelter temperatures ranged between 17.0–24.6°C; 
during Period 2 (P2), a temperature gradient was generated. 
Shelters on the high platform reached temperatures between 
23.2–42.4°C with an average of 31.4°C, whereas shelters on the low 
platform ranged between 20.4–34.4°C with an average of 26.9°C. 

Overall, use of the low platform was significantly greater than 
that of the high platform (χ2 = 22.352, N = 1917, p < 0.01), and 
selection of one platform over the other was not dependent on the 
time of day (χ2 = 0.006, N = 1917, p = 9.36).The squared chamber 
was the most commonly used chamber (χ2 = 7.563, N = 1600, p 
= 0.006). Also worth mentioning is that the passage to enter into 
any of the chambers of the shelters was observed being used as a 
refuge 317 times (16.54% of observations; Table 1).

During Period 1 we found that the preference for one chamber 
over another depended on the platform on which it was located 

(χ2 = 9.45, N = 803, p = 0.001); however, the use of squared or 
circular chambers was not statistically different (χ2 = 1.705, N = 
803, p = 0.192). In shelters located on the low platform, squared 
chambers were used significantly more frequently than circular 
chambers (χ2 = 10.796, N = 441, p = 0.001). In shelters located on 
the high platform, the selection of one chamber over the other was 
not statistically different (χ2 = 2.829, N = 362, p = 0.093)

During Period 2, squared chambers were used significantly 
more frequently than circular chambers (χ2 = 6.686, N = 797, p = 
0.010). In this case, the selection of the chamber also depended on 
the platform on which it was located (χ2 = 3.997, N = 797, p = 0.046). 
Squared chambers were used more often when they were located 
on the low platform (χ2 = 4.655, N = 435, p = 0.031), whereas circular 
chambers were used in the same manner on both platforms (χ2 = 
0.541, N = 362, p = 0.462). These results indicate that there was no 
significant difference in the selection of a chamber based on the 
depth at which they were found (χ2 = 2.250, N = 1600, p = 0.339), 
and that this selection of chamber depth does not depend on the 
time of day (Table 2).

We did not find any significant relationship between the 
selection of chamber type and the time of day (χ2 = 1.783, N = 
1600, p = 0.619). All four types of chambers were used during 

Fig. 2. General view of the experimental unit, showing the organic 
and artificial substrate and the structure of the platforms and shel-
ters; their dimensions are mentioned in the text.

Fig. 3. General view of the artificial shelters used by Gerrhonotus par-
vus in the experiment, A) external view of the shelter; B) internal view 
of the shelter and its chambers; C) outside view of the entrances to 
the shelter.
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Period 1 at similar frequencies; however, the selection of the 
combination of form and depth depended on the platform 
on which the shelter was located (χ2 = 20.000, N = 803, p = 
0.001); Chamber type 4 (C4, Squared, 12 cm deep) was used 
more frequently when it was located on the low platform (χ2 = 
26.255, N = 220, p = 0.001). In addition, C4 was the most widely 
used chamber on that platform (χ2 = 18.583, N = 441, p = 0.001). 
The most frequently used chamber during Period 2 was C4 
(χ2 = 10.252, N = 797, p = 0.001). There was also a connection 
between the selection of a combination of form and depth and 
the platform on which it was located (χ2 = 12.579, N = 797, p = 
0.006). In the shelters on the high platform, the four chamber 
types were used at similar frequencies, but on the low platform 
the use of C4 was significantly greater (χ2 = 22.889, N = 414, p = 
0.001). This combination was also selected more frequently than 
other chambers when located on the low platform (χ2 = 11.953, N 
= 235, p = 0.001; Table 3).

discussion

The results of this study indicate that G. parvus preferred 
the lower platforms with the lower temperatures and the use of 
shelters with a type 4 chamber (C4), which consisted of a 12-cm 

deep rectangular chamber. This was probably due to predator 
avoidance, since prey species use small crevices to avoid being 
reached by a predator (Egan 1997). At the same time, it provides a 
greater surface contact area for thermoregulation in this artificial 
environment to achieve more optimal temperatures similar to 
those reported in animals active in the wild by Banda-Leal (2016). 
The closest information we have on the use of microhabitat or 
types of shelters by this species is that reported by Banda-Leal 
(2016), who observed more than 52 active individuals in the 
following microhabitat substrates: rock 65%, 16% leaf litter, 11% 
vegetation, and 8% ground. Of this 65% which corresponded to 
rock habitat, the individuals were found active on smooth rock 
walls, in crevices, or on rocky ground. Of all these rock types he 
only observed five individuals using rock crevices; these rock 
walls were composed of limestone. We have personally observed 
G. infernalis using cervices in rocks walls in Parque Ecológico 
Chipinque, which was also reported by (Garcia-Bastida 2013). 
Gerrhonotus infernalis is sympatric with, and much larger than 
G. parvus, and may be a competitor. Thus, G. parvus appears to 
be thigmothermic and a thermoconformist like other anguids 
reported by Jones and Lovich (2009). 

The depth of the refuge can be a factor that provides greater 
protection against predators (Cooper et al. 1999) and it has been 
found that G. parvus selects shelters with low ceilings and narrow 
entrances as a strategy to avoid predators (Esquivel-Arévalo 
2017). However, when analyzing refuge depth independently of 
other variables in the present study, no preference was found 
for either of the two available chamber depths. Since the depths 
of the rocky crevices that this species uses to take refuge in 
its natural habitat have not been reported, it is unclear if the 
difference between the depths offered in this experiment (5 
cm and 12 cm) were enough to demonstrate a real advantage. 
For example, in a similar study, Arida and Bull (2008) analyzed 
the depth preference of refuges in Egernia stokesii, with shelter 
depths of 25 and 50 cm, about twice the snout–vent lengths of 
the individuals (11–19 cm). Nevertheless, our results suggest that 
rocky shelters with deep rectangular chambers offer the most 
suitable refuge sites when maintaining this species in captivity. 
Given that there is no information on shelter use in the wild for 
the species, this study gives us an idea for future experiments 
with other shelter characteristics that are representative of ̅field 
conditions.
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ANURA — FROGS

PELTOPHRYNE LEMUR (Puerto Rican Crested Toad). LONGEV-
ITY IN CAPTIVITY. Longevity is currently unknown in wild popu-
lations of Peltophryne lemur. Scant data has been published on 
captive P. lemur, stating longevity is at least 15 years (CBSG 2005. 
Population and Habitat Viability Analysis for the Puerto Rican 
Crested Toad. Final Report. IUCN/SSC Conservation Breeding 
Specialist Group: Apple Valley, Minnesota. 93 pp.). Here, we re-
port five specimens exceeding 15 years of age. This endangered 
species has been managed by a Species Survival Plan (SSP) in 
zoos and aquariums since 1984 with the first studbook published 
in 1985 (Paine 1985. Studbook of the Puerto Rican Crested Toad 
[Peltophryne lemur]). As of 23 Feb 2019, three female toads within 
the living population and two deceased males have exceeded 15 
years of age. Of the females, two housed at Queens Zoo are 19 
years, 2 months and 17 years, 3 months, while the third female is 
19 years, 2 months, living at Omaha’s Henry Doorly Zoo. The de-
ceased males were 16 years, 5 months, at the St. Louis Zoo, and 21 
years, 7 months, and 19 days at the Detroit Zoo (UMMZ 248381). 
Longevity is known for a single wild collected adult Peltophryne 
peltocephala, sex unknown, which lived an additional 20 years in 
captivity (Slavens and Slavens. 1998. Reptiles and Amphibians in 
Captivity: Breeding, Longevity and Inventory, Current January 1, 
1997. Slaveware. Seattle, Washington. 393 pp.) This represents new 
captive longevity records for both sexes of P. lemur exceeding pre-
vious records by 6 years, 7 months. 

DUSTIN SMITH, North Carolina Zoo, Asheboro, North Carolina 27205, 
USA (e-mail: dustin.smith@nczoo.org); DIANE BARBER, Fort Worth Zoo, 
Fort Worth, Texas 76110, USA; RUTH MARCEC-GREAVES, Detroit Zoo, De-
troit, Michigan 48067, USA.

CROCODYLIA — CROCODILIANS

ALLIGATOR MISSISSIPPIENSIS (American Alligator). DEVEL-
OPMENT. Alligator mississippiensis embryos are generally con-
sidered to take 62–77 days to fully incubate inside the egg and 
begin hatching (pipping) under normal conditions, with warmer 
temperatures leading to faster development. The longest incu-
bation time reported in the literature is a mean value of 84 days, 
averaged across 113 eggs artificially incubated at a constant tem-
perature of 29°C (Lang and Andrews 1994. J. Exp. Zool. 270:28–
44), which is a relatively cold temperature for the internal cavity 
of an A. mississippiensis nest.

Here we report the longest incubation period ever recorded for 
A. mississippiensis eggs. The eggs (N = 37) were laid by one adult 

female at the Jacksonville Zoo and Gardens (JZG) on 11 July 2013 
in a human-made nest. We collected the eggs on the same day and 
chose three fertile eggs (confirmed by candling) to artificially in-
cubate in an effort to produce education ambassador animals for 
JZG. We kept the eggs in trays surrounded by a 1:1 ratio of vermic-
ulite and water in an incubator (Nature’s Spirit, Vicksburg, Missis-
sippi). Temperatures inside the incubator varied between 29–32°C 
for the duration of incubation. One of the embryos stopped de-
veloping (according to egg banding patterns) and we removed 
the egg before the 30th day of incubation. The two remaining eggs 
showed no signs of hatching by day 94, so we made a small win-
dow incision in one of the eggs to check on embryo viability. Our 
inspection revealed the blinking eye of a seemingly fully devel-
oped A. mississippiensis embryo, so we covered the window with 
a moist paper towel and allowed the egg to continue incubating. 
The A. mississippiensis inside the egg without the window incision 
never pipped through the egg and died at some point before day 
112, when we opened the egg and discovered a fully formed but 
deceased A. mississippiensis embryo. However, the other A. mis-
sissippiensis successfully pipped through its eggshell on day 97 
and began vocalizing. It fully hatched on day 98, weighing 35 g 
and measuring 20.3 cm total length. We do not know why this A. 
mississippiensis took so long to hatch given that we incubated it 
within a range of normal temperatures found in natural nests, but 
our results show that A. mississippiensis embryos are capable of 
remaining viable well past their expected hatch dates.

EMILY FYFE, Jacksonville Zoo and Gardens, 370 Zoo Parkway, Jackson-
ville, Florida 32218, USA; ADAM E. ROSENBLATT, University of North Flori-
da, 1 UNF Drive, Jacksonville, Florida 32224, USA (e-mail: adam.rosenblatt@
unf.edu). 

TESTUDINES — TURTLES

MALACOCHERSUS TORNIERI (Pancake Tortoise). INCUBA-
TION PERIOD. Malacochersus tornieri is known to have a var-
ied incubation period, with reports ranging from 99 to 237 days 
(Wilke 1984. Int. Zoo Yb. 23:137–139; Darlington 1990. Herpetol. 
Rev. 21:16–18). The Jacksonville Zoo and Gardens first housed M. 
tornieri in 1969 and has maintained them continuously in the col-
lection from 1995 to the present. More recently, the zoo has suc-
cessfully hatched a total of six offspring from a single adult pair 
since 2012. The first four offspring were incubated at 30°C and 
had an average incubation period of 172.5 ± 22.5 days (Table 1). 
The two most recent hatchlings were incubated at 30.5 °C. The 
older of the two had an incubation period of 169 days, but the 
most recent hatchling had an incubation period of 59 days. This 

HERPETOCULTURE NOTES

Table 1. Incubation period and hatchling data for Malacochersus tornieri produced at the Jacksonville Zoo and Gardens. 

 Egg no. Oviposition date Incubation Hatch date Incubation Hatchling Carapace 
   temperature (°C)  period (days) weight (g) length (cm)

 1 3 Dec 2012 30.0 24 Jun 2013 203 13.4 3.6

 2 21 Jul 2013 30.0 2 Jan 2014 172 11.2 3.5

 3 10 May 2017 30.0 23 Oct 2017 166 14.1 4.0

 4 26 Aug 2017 30.0 22 Dec 2017 149 13.7 4.0

 5 2 Aug 2018 30.5 18 Jan 2019 169 14.4 3.8

 6 8 Jan 2019 30.5 6 Mar 2019 59 14.5 4.0
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latter incubation period is considerably shorter than the shortest 
known incubation period for the species of 99 days (Darlington, 
op. cit.). As with previous M. tornieri eggs incubated and hatched 
at the zoo, the egg was not cooled prior to incubation and the in-
cubator and incubation method were consistent for all six eggs. 
Eggs were suspended above water in a SIM Container (Squamata 
Concepts, Staten Island, New York) and incubated inside a 32 × 36 
× 45 cm ExoTerra® incubator. The egg in question was candled the 
day it was recovered and early in the incubation process, but no 
signs of viability could be seen. In previous eggs incubated, visible 
blood vessels and other signs of development were not seen until 
three to four months into incubation. The hatchling had no physi-
cal abnormalities, was similar to previous hatchlings’ lengths 
and weights (Table 1), and had just a small unabsorbed yolk sac 
which was also normal for this species at the zoo. It is clear that 
the egg was found either the day of or morning after its deposi-
tion because it was not buried, but rather laid directly on top of 
the substrate. This eliminates the possibility that the egg had been 
missed and therefore incubating for an unknown period of time 
prior to its discovery. Although chelonians are capable of retain-
ing eggs for extended periods of time before laying (Judd and Rose 
1989. Copeia 1989:588–596; Buhlmann et al. 1995. Herpetologica 
51:457–462), this does not appear to be the case for M. tornieri 
(Ewert 2004. J. Herpetol. 38:291–295), which is the only other po-
tential explanation that could be suggested for the short incuba-
tion period observed. 

I thank Robert Mendyk for constructive feedback for this note. 
EMILY FYFE, Department of Herpetology, Jacksonville Zoo and Gar-

dens, 370 Zoo Parkway, Jacksonville, Florida 32218, USA; e-mail: fyfee@jack-
sonvillezoo.org.

SQUAMATA — SNAKES

AGKISTRODON CF. BILINEATUS (Northern Cantil). MATERNAL 
CARE. The parental behavior of snakes, particularly by pitvipers 
(Viperidae: Crotalinae), has received increasing attention over the 
past two decades (Greene et al. 2002. In Schuett et al. [eds.], Biol-
ogy of the Vipers, pp. 179–206. Eagle Mountain Publishing, Eagle 
Mountain, Utah; Reiserer et al. 2009. J. Zool. 274:277–283; Clark 
et al. 2012. Biol. Lett. 8:523–525; Hoss and Clark 2014. Ethology 
120:933–941; Schuett et al. 2016. In Schuett et al. [eds.], Rattle-
snakes of Arizona, pp. 161–242. ECO Publishing, Rodeo, New Mex-
ico). Nearly all records of post-birth maternal care of offspring, 
whether in a wild setting or captivity (Hoss et al 2014. Gen Comp. 
Endocrinol. 208:85–93; Hoss et al 2015. Biol. J. Linn. Soc. 116:637–
648; Hoss et al. 2015, op. cit.), involve species of New World crota-
lines from temperate regions (e.g., genera Agkistrodon, Crotalus, 
Sistrurus), whereas taxa from tropical regions are rarely reported 
(see character analysis by Greene et al. 2002, op. cit.).

Greene et al. (2002, op. cit.) state (p. 195), “Parental attendance 
probably has been lost several times in viviparous tropical pitviper 
lineages: in the ancestors of C. durissus, Hypnale, and Tropidol-
aemus; at least once in Trimeresurus; and in the ancestor of all or 
most Neotropical crotalines.” The reason for this loss or absence 
in tropical taxa is not entirely clear but may be linked to the rapid 
shed cycle of neonates (Greene et al. 2002, op. cit.). In their char-
acter analysis, for example, species of Agkistrodon were scored as 
variable in showing parental care: the Neotropical species Agkis-
trodon bilineatus and A. taylori were scored as absent (p. 194), yet 
scored as present in their northern relatives, A. contortrix and A. 
piscivorus. Here, for the first time, we report on captive birth and 
maternal care in Agkistrodon cf. bilineatus (see Porras et al. 2013. 

Amphib. Reptile Conserv. 7:48–73). 
An adult pair of adult Agkistrodon cf. bilineatus was main-

tained at Parque Reptilandia, Puntarenas Province, Costa Rica. 
These snakes were obtained as subadults in 2017 and originated 
from a population in the Río Grijalva Valley, near Nentón, Guate-
mala (reviewed by Porras et al. 2013, op. cit.). On the morning of 27 
April 2019, one of us (QD) noticed that the female had given birth, 
probably during the previous evening. Data on the litter are pro-
vided in Table 1. The female remained close to the cluster of neo-
nates, in the 1-m L × 1-m W × 1-m H enclosure (substrate of peat, 
clay, and pebbles), and were not disturbed (Fig. 1). The mother 
remained in close proximity to the nine neonates for nine days, 
until all had shed. The neonates occasionally adjusted their posi-
tion within the litter and remained faithful to the hide site. After 
shedding, the neonates dispersed. They were removed from the 
enclosure and provided with individual enclosures. Interestingly, 
the male (sire) remained close to the mother and her neonates 
during the entire time of maternal care (nine days) despite having 
access to three other retreat props in the enclosure. 

Although this is only a single observation under a captive set-
ting, it provides a further glimpse into the ancestral state of tim-
ing of ecdysis and its association with maternal care in the genus 
Agkistrodon. Optimistically, data from wild individuals of this and 
other populations of cantils will become available to confirm and 
extend this observation. Does pre-birth female aggregation (re-
viewed by Graves and Duvall 1995. Herpetol. Monogr. 9:102–119), 
for example, occur in female cantils, as reported in copperheads 
(Finneran 1953. Copeia 1953:61–62) and cottonmouths (Wharton 
1966. Copeia 1966:149–161)? The behavior of the present male 

Fig. 1. Maternal care in a captive Agkistrodon cf. bilineatus (Northern 
Cantil). The mother is just in front of her litter (N = 9) beneath a wood 
prop. Note the presence of the father near (~ 38 cm) the mother and 
her offspring. 

Table 1. Total length, mass, and sex of the 9 neonate Northern Cantils 
reported herein.  

 Neonate ID Total length  Mass Sex
  (nearest cm) (nearest g)

 1 24 20  M

 2 24  20  F

 3  25 20  M

 4 25 15  M

 5 24 15  M

 6 24    20  F

 7 25 15  F

 8  24 20  F

 9 25 20  M
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also is interesting yet no information is reported on wild individu-
als. A growing number of reports indicate adult males with litters 
of pitvipers when their mother is present (see Hewlett and Schuett 
2019. Herpetol. Rev. 50:389–390 and references therein). 

We make a plea that further observations and studies of popu-
lations of other viviparous pitvipers, particularly Old World genera, 
are needed to better understand the evolution of parental care in 
this group. For example, Greene et al. (op. cit.) state (p. 190), “Wall 
(1903:98–99) found an adult Yangtze Mamushi (Gloydius blomhof-
fii siniticus) …lying together … with twelve young,” all evidently 
killed by a human. A female Caucasian Pitviper (G. intermedius 
caucasicus) “…had five young nearby” (Ataev 1985, translated and 
cited by Gloyd and Conant 1990. Snakes of the Agkistrodon Com-
plex: A Monographic Review. SSAR Contributions to Herpetology 
No. 6, Oxford, Ohio).” Because there is recent support to show that 
Gloydius is sister to Agkistrodon + all other New World pitvipers 
(Malhotra et al. 2009. Mol. Phylogenet. Evol. 54:172–178), it is im-
portant to obtain additional and more complete data on parental 
care in this important clade of 15 or so species (Asadi et al. 2019. 
Sci. Rep. 9:1224 |doi.org/10.1038/s41598-018-37558-8). 

We are most grateful to Louis W. Porras and Robert W. Hansen 
for discussion and advice on this topic in pitvipers and assistance 
with the manuscript.

QUETZAL DWYER, Parque Reptilandia, Dominical 5000, Puntar-
enas Province, Costa Rica (e-mail: reptilandia.cr@gmail.com); GORDON W. 
SCHUETT, Chiricahua Desert Museum, 4 Rattlesnake Canyon Road, Rodeo, 
New Mexico 88056, USA and Department of Biology and Neuroscience 
Institute, Georgia State University, Atlanta, Georgia 30303, USA (e-mail: 
gwschuett@ yahoo.com); HARRY W. GREENE, Department of Ecology and 
Evolutionary Biology, Corson Hall, Cornell University, Ithaca, New York 14853, 
USA (e-mail: hwg@cornell.edu). 

CROTALUS STEJNEGERI (Sinaloan Long-tailed Rattlesnake). 
REPRODUCTION IN CAPTIVITY. Very few individuals of Crotalus 
stejnegeri have been collected or sighted in the 100 years since the 
original description of the species by Dunn (1919. Proc. Biol. Soc. 
Washington 32:213–216). The species only occurs in the southern 
part of the state of Sinaloa and adjacent portion of the state of 
Durango. Due to its rarity and restricted range, which is declin-
ing continuously in extent and quality of habitat, the species is 
listed as vulnerable by IUCN (Mendoza-Quijano 2007. IUCN Red 
List of Threatened Species, Ver. 2018–2. http://dx.doi.org/10.2305/
IUCN.UK.2007.RLTS.T64333A12771355.en; 15 March 2019) while 
the Mexican Official Environmental Standard NOM-59-SEMAR-
NAT-2010 considers the species as “amenazada” i.e., “threatened” 
(SEMARNAT 2010. D.O.F., 30 December 2010). Herein I report 
what I believe to be the first documentation of captive reproduc-
tion in C. stejnegeri. 

A recent and extensive review of the literature by van der 
Heiden and Flores-Villela (2013. Rev. Mex. Biod. 84:1343–1348) 
revealed that until 2011 only 13 specimens of this micro-endemic 
rattlesnake had been deposited in museum collections, all outside 
of Mexico. Included within this review were examinations of three 
additional specimens (one dead, two live) collected in the Priority 
Area for Conservation “Monte Mojino” (PAC-MM) on the Pacific 
slope of the Sierra Madre Occidental, in southern Sinaloa, in Au-
gust 2010.

Both live snakes (one male, one female) were approximately 
24 cm total length, and were first taken to the Ichthyology and 
Biodiversity Laboratory of the Mazatlan Research Unit at the Re-
search Center for Food and Development, and later, for safety 
reasons, transferred to the author´s study. Since their arrival in 

Mazatlan, the snakes were housed in a glass terrarium measur-
ing 51 cm long × 26 cm wide × 30 cm high, topped by a fresh air 
screen cover fastened by security clips and kept between 50–76% 
humidity and 20–32°C under outdoor lighting through a window 
and roof domes. Substrate consisted of pine needles, small stones, 
large rocks on which the snakes frequently rested, and large pieces 
of pine tree bark under which they could hide, all brought from 
the place of capture. 

Although the snakes never showed acts of mutual aggression, 
they were temporarily separated during feeding to avoid acciden-
tally biting each other. Every two to three weeks, one small, live 
mouse (Mus musculus), rarely two, were offered to each snake. 
To measure live neonates, photographs were taken with a Nikon 
Coolpix L810 digital camera held parallel to the bottom of an emp-

Fig. 1. Infertile eggs of Crotalus stejnegeri.

Fig. 2. Captive mating in Crotalus stejnegeri. Note everted hemipenis 
with some spines, naked base, and beginning of cleft; female with tail 
raised.
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ty aquarium where each snake was placed separately. By means of 
a herpetological hook, the entire body of the snake was kept in a 
single plane next to a metric ruler. Subsequently, on the printed 
photograph, the total length was measured using a Scale Master 
Pro-6025 curvimeter. 

Six reproductive events were recorded during the snakes’ time 
in captivity. At 0905 h on 23 December 2012, mating took place—
possibly for the first time—when both snakes had grown from 
approximately 24 cm total length each to 79.0 cm for the female 
and 74.5 cm for the male and had reached an estimated age of 2.5 
yrs. However, no young or infertile ova were produced. On 20 April 
2014, at an age of almost 4 yrs, the female laid two oval-shaped, 
yellow-orange, infertile eggs, measuring 3.4 cm x 1.8 cm, one of 
them being somewhat deformed (Fig. 1). On 27 May 2015, at an 
age of almost 5 yrs, the snakes were observed mating around 1100 
h and on 17 July 2015, four young, measuring 16.0 cm total length 
on average (14.8–18.2 cm), were stillborn. These three events con-
form with the statement of Ávila-Villegas (2017. Serpiente de cas-
cabel, entre el peligro y la conservación. CONABIO, Mexico City. 
165 pp.) that rattlesnakes reach sexual maturity at 4–6 years of age.

On 27 August 2015, the snakes were observed mating from 
1905–2215 h during which the female folded the distal part of 
her body into a U-shape with the tail raised, enabling the male 
to insert his bilobed hemipenis; some spines as well as the ex-
treme naked base and the beginning of the cleft remained visible 
during copulation. The male, unlike the female, kept his tail on 
the substrate at an angle of approximately 45° to the body (Fig. 
2). Rattlesnake mating may take several hours; for example, in C. 

atrox and C. mitchellii mating may last about 7 h and in C. willardi 
willardi up to 9 h (Armstrong and Murphy 1979. Spec. Publ. Univ. 
Kansas Mus. Nat. Hist. 5:1–88). On 23 June 2016, seven young were 
born alive, suggesting that sperm storage and gestation time must 
have taken approximately 10 months, which is a very long time, 
although it is known that gestation in female C. mitchellii can take 
8.5 months (Armstrong and Murphy, op. cit.). 

Five of the seven newborns (average total length 20.9 cm 
[19.5–22.3 cm]) survived while two died on 23 June (total length 
16.4 and 19.8 cm) without having shown any movements; one was 
born deformed with large remnants of yolk still attached, while 
the other was very bulky and flaccid. Body markings of neonates 
were duller when compared to the adults. 

At no time did the adults demonstrate aggression towards the 
neonates or the neonates towards each other. From birth, the five 
surviving young (Fig. 3) moved actively throughout the terrarium. 
Despite having been offered young mice (pinkies), small geckos 
(Hemidactylus frenatus), and different types of small insects and 
isopods, the neonates did not accept any food during the first 18 
days of life. Therefore, it was decided to release them into the wild, 
together with both adults. This event took place on 12 July 2016, in 
an oak woodland (Quercus spp.) in the Ejido El Habal, far from hu-
man activity and close to a site where C. stejnegeri had previously 
been found at 507 m elev. The male quickly hid in a small cave 
while the female remained tranquil and coiled for a few minutes, 
surrounded by the young that actively moved among the fallen 
oak leaves (Figs. 4, 5). Unfortunately, since the day of release it 
has not been possible to visit or sample the place where the rattle-
snakes were released for reasons of drug-related insecurity in this 
mountainous area.

I am grateful to Maurilio Gómez Pérez for providing data and 
photographs of the sighting of C. stejnegeri in the Ejido El Habal. 
Héctor Plascencia González and César Terán García helped with 
the release of the snakes in their natural habitat. Arendy Y. Verduz-
co Contreras took measurements of the neonates. Valerie Williams 
Holland kindly revised the manuscript for the correct use of the 
English language. The collection of C. stejnegeri was authorized by 
permit FAUT-0015 issued to Oscar Flores-Villela by Semarnat.

ALBERT M. VAN DER HEIDEN, Centro de Investigación en Aliment-
ación y Desarrollo, A.C. – Unidad Mazatlán en Acuicultura y Manejo Ambi-
ental, Av. Sábalo-Cerritos s/n, Mazatlán CP 82112, Sinaloa, México; e-mail: 
albert@ciad.mx.

Fig. 3. Crotalus stejnegeri neonate, 25.0 cm total length.

Fig. 4. Released neonates and female (partly visible) among oak leaves. 
Note difference in body thickness and color.

Fig. 5. Oak woodland (Quercus spp.) habitat of Crotalus stejnegeri, 
Ejido El Habal, Sinaloa.


