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Sex Determination in Southern Alligator Lizards (Elgaria multicarinata; Anguidae)

RORY S. TELEMECO
1,2

Department of Ecology, Evolution, and Organismal Biology, Iowa State University, Ames, IA 50011, USA

ABSTRACT: Sex in many reptiles is determined by temperature during development (temperature-dependent sex determination; TSD) rather
than by an individual’s genotype (genotypic sex determination; GSD). TSD has numerous ecological and evolutionary implications, and whether
or not species display TSD is of conservation concern because substantial habitat and climate change have the potential to skew sex ratios. It is
therefore important to describe the means by which sex is determined in reptile species. To date, the sex determination mechanism is not known
for any species within the Anguidae, a diverse lizard family that is globally distributed. I used controlled incubation experiments to test the
hypothesis that Southern Alligator Lizards (Elgaria multicarinata) display TSD. Offspring sex was assessed by direct examination of the gonads
after incubation in one of five constant-temperature treatments (24u, 26u, 28u, 30u, and 32uC). Developmental temperature did not affect offspring
sex, indicating that E. multicarinata does not display a strict form of TSD. Rather, my results indicate that E. multicarinata displays GSD, as is
most common in vertebrates, although I cannot rule out the possibility that sex determination is somewhat thermally sensitive. Further work with
additional samples and other anguid species is clearly needed.
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UNLIKE most organisms where sex is determined by an
individual’s genotype (genotypic sex determination; GSD),
the sex of many reptiles is determined by temperature
during embryonic development (temperature-dependent sex
determination, TSD; Bull 1980; Janzen and Paukstis 1991;
Valenzuela and Lance 2004). TSD is thought to be adaptive
when developmental temperature differentially affects the
fitness of the sexes. Under this scenario, TSD can allow
production of the more fit sex under all thermal conditions
(Charnov and Bull 1977; Janzen and Phillips 2006; Warner
and Shine 2008). However, TSD could be maladaptive when
one sex is overproduced (Fisher 1930; Janzen and Phillips
2006). Species with TSD are therefore of conservation
concern as a result of habitat alteration and directional
climate change. Small increases in environmental tempera-
ture have the potential to strongly skew sex ratios in species
with TSD, thereby decreasing effective population sizes and
increasing extinction risk (e.g., Janzen 1994; Hawkes et al.
2007; Mitchell et al. 2008). Given the ecological and
evolutionary implications of TSD, describing the sex-
determination mechanism of species is of high import.

Family Anguidae is a diverse clade of lizards with a global
distribution (Macey et al. 1999; Vitt and Caldwell 2009).
Even though the family includes many large, charismatic
taxa as well as endangered species (Vitt and Caldwell 2009;
IUCN 2014), the sex-determination system is not known for
any anguid lizard (Harlow 2004). Heteromorphic sex
chromosomes are missing from all anguid species for which
karyotypes have been examined, making TSD plausible
(Bury et al. 1969; Janzen and Paukstis 1991). Moreover,
previous work indicates that one anguid species without
heteromorphic sex chromosomes, Southern Alligator Lizards
(Elgaria multicarinata), might display TSD (Langerwerf
1984). This study neither reported temperature treatments
nor sex ratios, however, making the results questionable
(e.g., Harlow 2004). As part of a larger study on the thermal
ecology of alligator lizards, I used controlled incubation

experiments to test the hypothesis that E. multicarinata
displays TSD.

The sexes are difficult to assign using morphological
characters in E. multicarinata. Adults display weak sexual
dimorphism: males have larger heads than females, and
females have more pear-shaped bodies than males (Stebbins
2003; Beck 2009), but each trait overlaps extensively
between the sexes. In addition, females possess enlarged
hemiclitores (personal observation; described in varanid
lizards by Böhme 1995) that are difficult to distinguish from
the hemipenes of males. From my experience, only
examination of the gonads allows 100% correct diagnoses
of the sexes, even in adult E. multicarinata. Therefore, to
assign sex, I directly examined the gonads of juvenile lizards
via both gross morphology and histology.

MATERIALS AND METHODS

I obtained eggs (n 5 85 fertile) from nine wild-caught
Southern Alligator Lizards within 24 h of oviposition. Each
female produced only one clutch for the present study. With
assistance, I collected gravid females in California (San
Diego, San Mateo, Santa Cruz, and Monterey counties)
during the 2010 and 2011 reproductive seasons (females per
year: n 5 5 and n 5 4, respectively) and transported them to
a captive colony at Iowa State University. I housed the
lizards individually in conditions suitable for oviposition
(described in Telemeco 2014) and checked enclosures daily
for eggs.

Upon discovery, I placed an egg individually in a 140-mL
glass jar approximately two-thirds filled with moist vermic-
ulite (water potential 5 2150 kPa). I gently pressed eggs
into the vermiculite such that they were one-half to two-
thirds buried. Throughout this process, I took care to not roll
the eggs. I then covered each jar in clear plastic wrap and
sealed it with a rubber band to prevent evaporation (Warner
et al. 2012). I distributed eggs from each clutch evenly
among temperature treatments. In 2010, I divided the eggs
(n 5 47) among three constant temperature treatments for
which I knew egg survivorship was likely: 26.0u, 28.0u, and
30.0uC. I chose these temperatures because previous work
indicated that development progresses well at 27–28uC
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(Langerwerf 1984). In 2011, I divided the eggs (n 5 38)
among these three temperature treatments as well as two
extreme treatments, 24.0u and 32.0uC. These temperatures
span the entire range of temperatures where hatching
success is high (Telemeco 2014). All temperature treatments
were maintained in Revco BOD50ABA incubators. I placed
iButton data loggers (Maxim Integrated, San Jose, CA) set to
record temperature every 10 min in the incubators for the
duration of the experiment to confirm temperatures. All
incubators maintained temperatures within 0.5uC of their set
temperature for the duration of the experiment (within the
margin of error of the iButton data loggers). To control for
possible thermal gradients within the incubators, I rotated
egg position within each chamber three times per week. I
checked eggs daily for hatching.

At hatching, I removed offspring from their incubation
jars, permanently marked them via toe-clipping, and housed
them in groups of five in conditions otherwise identical to
those for adult lizards. In 2010, I initially attempted to
identify sex of offspring by ascertaining the presence or
absence of hemipenes in 7-d-old hatchlings (Harlow 1996).
This was unsuccessful, so I resorted to a reliable assessment
of sex using gross gonadal morphology (e.g., Brooks 1906). I
examined gonadal morphology within 1 d after any hatch-
lings died of natural causes or after euthanizing lizards with a
lethal injection of sodium pentobarbitol once lizards were at
least 6 mo of age. In 2011, I euthanized all hatchlings by
decapitation at 30 d of age and excised their gonads. I
formalin-fixed, dehydrated, and embedded these gonads in
paraffin wax according to standard histological protocol (e.g.,
Ross and Pawlina 2006). I then longitudinally sectioned
gonads at 7.0 mm and stained them with hematoxylin and
eosin (H and E stain). I ascertained sex based on the pres-
ence of either seminiferous tubules or developing follicles
in the prepared sections under a light microscope (as in
Doddamani 1994, 2006). No individuals incubated at 32uC
successfully hatched; however, I could assess the sex of one
advanced stillborn embryo via histology.

I attempted to ascertain the sex of all juvenile E.
multicarinata born in the 2010 and 2011 cohorts. For
analyses, however, I only included individuals for which I
was able to confidently identify sex either by histology in 2011
or by gross examination of the gonads in 2010 (n 5 21; mean
6 1 SD 5 5 6 2.9 per treatment). I used logistic regression to
examine the effect of incubation temperature on offspring sex.
I did not include maternal identity in this analysis because
most mothers only produced one offspring for which I was
able to positively determine sex per incubation treatment. I
performed this analysis both including the extreme temper-
ature treatments (24u and 32uC) and excluding them. Models
with and without these extreme temperatures were examined
because these temperatures are likely outside the bounds of
normal incubation in E. multicarinata and sample sizes at
these temperatures were very small (Table 1). The residual
and q–q plots indicated that the assumptions of parametric
tests were met (Zuur et al. 2009). After identifying sex by
histology in 2011, I photographed the remaining gonad of
each individual using a digital camera (Nikon DS-Vi1)
attached to a dissection microscope (Nikon SMZ 845T). I
then used the program tpsDig (v2.17; Rohlf 2013) to measure
the length and width of each gonad. I used t-tests to assess
whether ovaries and testes differed in size in these lizards at

1 mo of age. I performed all analyses using Program R v2.15.2
(R Core Team 2013).

RESULTS

Examination of hemipenes in 7-d-old individuals via the
method of Harlow (1996) was not an effective way to ascertain
sex in E. multicarinata, because all individuals appeared to
have hemipenes (hemipenes and hemiclitores were indistin-
guishable). Noticeable divergence of the gonads between the
sexes varied with age of the lizards. At 30 d of age, the sexes
were only identifiable by histological examination of the
gonads (Fig. 1). Gross gonadal morphology was very similar
between the sexes; the gonads were smooth, white orbs just
posterior to the adrenal glands, which were yellowish and had
coarser surface texture (see Supplementary Materials, Figs.
S2A,B). Even so, re-examination after the sexes were known
through histology revealed gross gonadal differences that
might be diagnostic—testes were generally longer and
skinnier than ovaries. This resulted from ovaries being shorter
than testes (t6.428 5 23.43, P 5 0.01, mean 6 SE 5 0.71 6
0.07 mm and 1.06 6 0.07 mm, respectively) but similar in
width to testes (t2.48 5 20.06, P 5 0.95, mean 6 SE 5 0.31 6
0.03 and 0.31 6 0.01, respectively). Moreover, oviducts were
visible in females, although these structures were very delicate
(see Supplementary Materials, Fig. S2A). For individuals at
least 6 mo of age, the gonads were readily differentiated
morphologically. The gonads were larger (ovary: <4.1 mm L
3 2.5 mm W, and testis: <3.0 mm L 3 0.95 mm W, in 1-yr-
olds; insufficient individuals of the same age for statistical
comparison) and developing follicles in the ovaries were easily
visible (see Supplementary Materials, Figs. S2C,D).

I was unable to confidently determine the sex of all
individuals that hatched because, in 2010, some individuals
died when they were still too young for sex determination by
examination of gross gonadal morphology and, in 2011, I was
unable to see obvious seminiferous tubules or developing
follicles for some individuals. For the entire sample of
sexable individuals, sex ratio was male-biased (71.4% male,
x2 5 3.86, df 5 1, P 5 0.05; Table 1). Sex ratio was not
affected by temperature treatment, however, regardless of
inclusion or exclusion of the extreme treatments (All
treatments included: x2 5 4.14, df 5 4, P 5 0.39, deviance
explained 5 16.5%; only optimal treatments included [26u,
28u, and 30uC]: x2 5 1.79, df 5 1, P 5 0.18, deviance
explained 5 7.8%; Table 1).

DISCUSSION

Incubation temperature did not predict offspring sex ratio
in E. multicarinata. Even though my final sample sizes were

TABLE 1.—Sex of Southern Alligator Lizard (Elgaria multicarinata) offspring
from eggs incubated at five constant temperatures. Also displayed for each
treatment are the number of clutches represented by sexed individuals, the
total number of eggs incubated, and the total number of eggs that hatched.

Incubation
temperature (uC) Male Female Total sexed Clutches

Eggs
incubated Eggs hatched

24.0 2 0 2 1 6 2
26.0 7 2 9 6 24 19
28.0 4 2 6 3 24 21
30.0 1 2 3 3 25 11
32.0 1 0 1 1 6 0
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small, my results are sufficient to reject the hypothesis that
E. multicarinata display strict TSD (100% males produced
within a range of temperatures and 100% females within
another range). A power analysis indicated that my model
excluding extreme temperature treatments could detect an
effect size of 0.66 with 80% power given my sample size
(model with all treatments could detect an effect size of 0.75).
Moreover, both sexes were produced at each temperature
within the optimal temperature range (26–30uC), demonstrat-
ing that offspring sexes are not exclusively determined by
temperature.

In contrast to my results, within a section about breeding
lizards with TSD, Langerwerf (1984:173) stated that E.
multicarinata ‘‘produce more males [when incubated] at
27–28uC,’’ thereby implying that E. multicarinata display
TSD. To my knowledge, this was the only published
information about the sex determination mechanism of
any anguid lizard prior to the present study. However,
Langerwerf’s (1984) assertion is questionable because
neither the temperature treatments used, the method of
sexing juvenile lizards, nor the offspring sex ratio were
presented (further discussed in Harlow 2004). External
morphological characters were probably used to assign sex,
and such characters are unreliable in this species (see
above). I examined the gonads both morphologically and
histologically to assign sex, and thus sex identification
should be accurate. However, my sample size does not
provide sufficient power to rule out the possibility that
offspring sex ratio in E. multicarinata is temperature-
sensitive as has been demonstrated in some lizard species
(e.g., Quinn et al. 2007; Radder et al. 2008). Even so, the
most parsimonious conclusion is that E. multicarinata
displays GSD, like most other vertebrates.

Elgaria multicarinata is the only species within Family
Anguidae for which sex determination has been examined to
date. Therefore, current data indicate that anguid lizards
display GSD, perhaps with some thermal sensitivity. Moreover,

within the larger clade of Anguimorpha (families Shinisauridae,
Lanthanotidae, Varanidae, Helodermatidae, Xenosauridae,
and Anguidae; from Wiens et al. 2012) there currently appears
to be no convincing evidence for TSD (reviewed in Harlow
2004), indicating that the entire clade displays GSD. However,
further work with additional species is clearly needed.
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