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Abstract.—The natural history and population ecology of the Mexican Spotted Wood Turtle (Rhinoclemmys rubida 
perixantha) is poorly known.  The Mexican Spotted Wood Turtle inhabits the tropical deciduous forest along the 
western coast of Central Mexico.  From 2012 to 2017, we conducted a capture-mark-recapture study on the coast of 
Jalisco, Mexico to estimate basic population characteristics of the Mexican Spotted Wood Turtle such as abundance, 
density, size structure, and sex ratio.  We captured 234 turtles during seven sampling events.  Estimated population 
size was 1,051 turtles and estimated density was 43 individuals/ha within the 24.6 ha surveyed.  Sex ratio was 
slightly skewed toward males (1.2:1) but not significantly, and the population was structured, comprised mostly 
of adults.  Females were significantly larger in carapace length, plastron length, carapace width, and heavier than 
the males.  The population seems healthy, and because we captured some hatchlings during the study, we think the 
population has recruitment.  Even with several years of sampling, the recapture rate was low, which means more 
fieldwork is needed to better understand the population dynamics of the Mexican Spotted Wood Turtle.
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introduCtion

About half of all turtle species are considered 
threatened or endangered by the International Union for 
Conservation of Nature (IUCN; 2018), making them the 
most threatened group of reptiles in the world (Böhm et 
al. 2013; Rhodin et al. 2018).  The family Geoemydidae 
is the most diverse turtle family and contains about one-
quarter of all turtle species (Spinks et al. 2004).  Despite 
this diversity, Geoemydidae has a disproportionate 
number of species considered threatened or endangered.  
For example, Geoemydidae dominates the list of the most 
endangered turtle species of the world, representing 48% 
of the top 25 and 40% of the top 50 endangered species 
(Stanford et al. 2018; Turtle Conservation Coalition 
2018).  This is extremely high compared to the second 
most diverse turtle family, Emydidae, which only has two 
species on the list of the top 50 most endangered turtles 
(Stanford et al. 2018; Turtle Conservation Coalition 
2018).  The main reason why many geoemydids are 
endangered is because the majority occur in southeast 
Asia where for decades they have been highly sought 
after for traditional medicine, food, or the illegal pet 
trade (Cheung and Dudgeon 2006; Gibbons and Lovich 
2019).  In the New World, Geoemydidae is represented 

only by the genus Rhinoclemmys, which is composed of 
nine species that range from northern Mexico to South 
America (Turtle Taxonomy Working Group 2017).  
Unlike many geoemydids in southeast Asia, populations 
of Rhinoclemmys in the New World appear to be more 
stable, providing researchers with the opportunity to 
study these species in the wild. 

Because so many turtles are imperiled, basic research 
on understudied, rare, or endangered species has become 
a necessity.  Basic information on a population such as 
abundance, sex ratio, population structure, and density 
are required to make any sort of effective conservation 
decision (Gibbs and Amato 2000).  The majority of 
information that is available on population ecology in 
geoemydids is mainly on Old World representatives 
(Muñoz and Nicolau 2006; Ernst et al. 2008; Chen and 
Lue 2010; Lin et al. 2010; Baruah et al. 2016).  In the New 
World, the only information that exists on the nine species 
of Rhinoclemmys belongs to those of the Spotted-legged 
Turtle, R. punctularia (Wariss et al. 2012), Large-nosed 
Wood Turtle, R. nasuta (Garcés-Restrepo et al. 2013, 
2014, 2019), and Mexican Spotted Wood Turtle, R. rubida 
(see below).  The information that exists on the population 
ecology of other Rhinoclemmys is anecdotal (Alvarado-
Díaz et al. 2003; Vogt et al. 2009; Legler and Vogt 2013). 



 80   

Butterfield et al.—Population ecology of Rhinoclemmys rubida perixantha.

Rhinoclemmys rubida is fully terrestrial and endemic 
to the Tropical Dry Forests (TDF) along the western 
coast of Mexico from the states of Jalisco to Chiapas 
and within the Balsas River basin up into Michoacán, 
Guerrero, and the state of Mexico (Lagler and Vogt 
2013; Rhodin et al. 2017).  There are two recognized 
subspecies: R. r. perixantha (Colima Wood Turtle), 
which occurs in Jalisco, Colima, Michoacán, and parts 
of Guerrero; and R. r. rubida (Oaxaca Wood Turtle), 
which is only known to occur in Oaxaca and Chiapas 
(Rhodin et al. 2017).  Recent work by Butterfield (2015) 
and Butterfield et al. (2014; 2018) has contributed to 
the knowledge of how terrestrial Rhinoclemmys interact 
with their environment.  Yet there are no population or 
demographic data published on either subspecies of R. 
rubida. 

Given the paucity of information on population 
parameters of R. rubida and other Rhinoclemmys 
species, the aim of this paper was to provide a baseline 
understanding on the population ecology of the 
subspecies R. r. perixantha.  To do this, we present results 
of a capture-mark-recapture study on a population of R. 
r. perixantha that began in 2014.  With these data, we 
were able to estimate abundance, density, population 
structure, and sex ratio.  We also summarize patterns 
of sexual dimorphism.  Altogether, this information, 
along with previously published data on this species 
(Butterfield et al. 2018), can be used to address the basic 
conservation needs and inform future conservation 
decisions for this species.

Materials and Methods

Study site.—We conducted this study on the Pacific 
coast of Mexico at the Estación de Biología Chamela 
(EBCh), located near Chamela, Jalisco, México.  
Vegetation at the EBCh is characterized as Lowland 
Tropical Deciduous (dry) Forest with marked seasonality 
in precipitation, where 80% (average = 748 mm) falls 
during the four-month wet season (June-September).  
Mean annual temperature is 24.9o C with a range from 
14.8–32o C (Bullock 1986).  The landscape throughout 
the EBCh is characterized by small undulating hills with 
elevations ranging from 30 to 140 m.  Two main habitat 
types have been described in this landscape, deciduous 
and semi-deciduous forest (Lott et al. 1987).  Deciduous 
forest is the most abundant habitat type throughout the 
EBCh and semi-deciduous forest is restricted to larger 
drainages (Lott et al. 1987).  Thirteen kilometers of 
walking-access trails are maintained throughout the 
EBCh and the majority of sampling occurred along these 
trails and in the adjacent forests.  The total estimated 
sampling area where we regularly searched for turtles, 
including the trails and patches of forest off of the trails, 
was approximately 24.6 ha. 

Sampling protocol.—We sampled for turtles 
between July 2012 and September 2017 in both dry and 
wet seasons.  To calculate population size, our sampling 
effort was divided into seven sampling periods: July 
2012, August 2014, October 2014 to May 2015, June to 
September 2015, July to September 2016, June to July 
2017, and August to September 2017.  Each sampling 
period ranged from 1–8 mo, depending on the length 
of the field season.  During the sampling periods (or 
events), we conducted intensive searches for turtles in 
the study area from 6–7 d a week.  We found turtles by 
walking on the trails and in potential turtle habitat off the 
trails.  Upon locating a turtle, we captured individuals 
by hand and we recorded the geographic location using 
a GPS, at which time we marked and measured all 
individuals.  We individually numbered turtles by filing 
notches in the marginal scutes with a triangular file using 
a numbering system similar to that developed by Cagle 
(1939).  We measured straight line carapace length 
(SCL), plastron length (PL), and carapace width (CW) 
with an analog caliper to the nearest ± 0.05 mm (Spi 
Swiss Precision Instruments, Inc. Melville, New York, 
USA).  We weighed turtles with a spring scale to the 
nearest ± 1.0 g (Pesola ®, Schindellegi, Switzerland).  
We identified males by secondary sexual characteristics 
such as concave plastron and a longer tail with the cloacal 
orifice located posterior to the carapace.  We identified 
females by their flatter plastrons and shorter tails (Ernst 
and Barbour 1989).  To examine the size structure of 
this population, we used 11 body size (SCL) categories 
starting at 40 mm, which represent hatchlings/yearlings, 
and increasing by 10 mm increments up to 140 mm, 
which represent old/asymptotic females (Stamps and 
Andrews 1992).  We used nine categories to assess the 
size structure of body mass that were divided into 50 g 
increments ranging from 50–450 g.

Statistical analysis.—Because of the low recapture 
rate, we estimated population size with a jackknife 
estimate of heterogeneity model (Mh; Chao 1989).  This 
model assumes that each member of the population 
has its own probability of capture, in contrast with 
most capture-mark-recapture models, when equal 
catchability is assumed between sampling events.  The 
Mh models underestimate population size, which works 
with low recapture rates and their high standard error 
estimates (Chao 1989).  This analysis was done with 
the CARE1 (Charo et al. 2001) package in R (R Core 
Team 2018).  We calculated capture probabilities using 
a log-linear model in Rcapture (Baillargeon and Rivest 
2007) within R (R Core Team 2018).  We used a Chi-
squared test (with Yates Correction) to determine if the 
sex ratio differed significantly from 1:1 (Zar 1999).  We 
calculated density by dividing the number of turtles 
calculated for abundance by the available forest area 
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in the study.  To determine if there were differences 
in body size and other morphological measurements 
between males and females, we used a Student’s t-test.  
We tested if parametric assumptions for normality and 
homogeneity were meet for tests using Shapiro-Wilks 
and Bartlett tests (Zar 1999) and we used JMP v5.0.1 
(SAS Institute 2002) for all statistical analyses with a 
= 0.05.

results

We marked 234 R. r. perixantha during our study 
period and only recaptured 29 individuals (11.46%).  
We captured 205 individuals only once, 20 twice, seven 
turtles three times, and we captured two turtles four 
times.  Recaptured individuals were distributed among 
almost all of the size classes: one in 40 mm size class 
(SC), two (60 mm SC), one (80 mm SC), four (90 mm 
SC), eight (100 mm SC), four (120 mm SC), eight (130 
mm SC), and only one in the 140 mm SC.  We recaptured 
12 males, 14 females, and three immature turtles. 

Estimated abundance using the Mh Chao model was 
1,050.6 (standard deviation = 217.4) individuals (lower 
confidence interval = 721.8, upper confidence interval 
= 1,627) occupying 24.6 ha.  Capture probabilities 
(P) during sampling events ranged from 0.17 to 0.41, 
with an average P = 0.31 (± 0.10).  Using the estimated 
abundance and total area sampled, the estimated density 
of R. r. perixantha in Chamela is about 43 individuals/
ha.  Of the 234 marked turtles, we could identify 120 as 
males and 80 as females. The sex ratio was significantly 
biased in favor of males (1.5:1; c2 = 7.605, P = 0.006).

The population structure was composed mainly 
of adults, but we also captured juveniles, including 
subadults and at least four hatchlings (Fig. 1).  Weights 
ranged from 40 to 450 g (Fig. 2).  Secondary sexual 
characters were evident at > 80 mm SCL for both 
sexes.  Using the 200 adult individuals for which we 
could determine sex, we tested for sexual dimorphism in 
body size (SCL, PL, and PW) and body mass (weight).  

Females were significantly larger than males in SCL 
(females: 128.0 ± 16.7, males: 103.6 ± 8.4 mm; t = 
12.07, df = 106, P < 0.001), in PL (females 114.9 ± 15.6, 
males 88.3 ± 6.5 mm; t = 14.34, df = 97, P < 0.001), and 
CW (females 79.0 ± 12.7, males 65.9 ± 5.8 mm; t = 8.63, 
df = 101, P < 0.001).  Females (280.3 ± 92.1 g) were 
also significantly heavier (t = 13.18, df = 91, P < 0.001) 
than males (139 ± 31.05 g).

disCussion

Rhinoclemmys rubida perixantha is a small terrestrial 
turtle that is endemic to the tropical dry forests of western 
Mexico.  Previous work has shown that this subspecies 
occupies small home ranges along hilltops in the dry 
forest and that individuals are active mainly during the 
wet season (Butterfield et al. 2018).  Our population 
size estimate suggests that this species is abundant and 
found in relatively high densities (43 individuals/ha) 
in the Chamela forest.  The population was primarily 
composed of adults with a sex ratio skewed towards 
males, which are significantly smaller than females. 

Our population estimate of 1,050 individuals in 
the 24.6 ha sampled is similar only in gross numbers 
to those observed in other species such as R. nasuta 
in Colombia (990 individuals in 0.4 ha; Giraldo et al. 
2012); however, due to the different sampling areas, 
habits (R. r. perixantha is mainly terrestrial, and R. 
nausta is mainly aquatic), and type of habitat (Tropical 
Dry Forest versus Tropical Rainforest), both populations 
are quite different in their densities, even given the 
variation in our estimate (standard deviation = 217.4).  
It is likely that these estimates are study specific.  For 
example, in our study the Chamela population likely 
exceeds 1,050 individuals.  The area that we surveyed 
comprised only about 24.6 ha of a 3,319-ha reserve with 
similar habitats that likely also harbor R. r. perixantha.  
If it were possible to survey the entire reserve, it is likely 
that the population would exceed 1,050 individuals.  
Therefore, because population estimates vary depending 

figure 1.  Structure based on straight-line carapace length (mm) of 
a population of a subspecies of the Mexican Spotted Wood Turtle 
(Rhinoclemmys rubida perixantha) located near Chamela, Jalisco, 
México.

figure 2.  Distribution of body mass (g) among males, females, 
and juveniles of a population of a subspecies of the Mexican 
Spotted Wood Turtle (Rhinoclemmys rubida perixantha) located 
near Chamela, Jalisco, México. 
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on sampling methods, population density seems a more 
appropriate parameter for comparing turtle populations. 

Estimating population density allows an estimate 
of turtle biomass, which can be used to understand the 
relative contribution that turtle populations make to 
ecosystem processes (Iverson 1982; Lovich et al. 2018).  
Our density estimate (43 individuals/ha) aligns with our 
personal observations that turtles seem to be common 
at Chamela, and exceeds the density observed in other 
small terrestrial turtles.  For example, most information 
on population density in small terrestrial turtles has been 
derived from studies of box turtles (Terrapene spp.), in 
which estimates range from 2.9–5.0 individuals/ha (T. 
ornata; Doroff and Keith 1990) to 17.3–34.6 individuals/
ha (T. carolina; Schwartz and Schwartz 1974).  Our 
population estimate of 43 individuals/ha suggests that 
the standing crop biomass of R. r. perixantha is very high.  
This result underscores the capability of small terrestrial 
turtles to reach high densities, and their importance in 
the dry forest ecosystem (Iverson 1982).  For instance, 
the high density of turtles, coupled with their potential 
to be important seed dispersers for Blollies (Guapira 
macrocarpa), figs (Ficus sp.), and cacti (Opuntia spp; 
Butterfield and Rivera-Hernandez 2014; pers. obs.), 
means that these turtles could make an important 
contribution to maintaining the composition of forest 
structure.  Future work should look deeper into the 
potential impact that R. r. perixantha has on ecological 
processes, such as determining the composition and 
structure of plant communities. 

In Chamela, the population of R. r. perixantha is 
primarily composed of adult turtles.  According to 
Crouse et al. (1987) and Congdon et al. (1994), stable 
turtle populations tend to be composed of more juvenile 
than adult turtles due to the delayed maturity in turtles.  
If so, our results suggest that the R. r. perixantha 
population is not stable.  Nevertheless, the fact that 
we did observe hatchlings and juveniles suggests that 
this population is recruiting new individuals and there 
could be other explanations for fewer juveniles, such 
as high rates of mortality in smaller turtles (Gibbons 
and Semlitsch 1982; Iverson 1991; Congdon et al. 
1994). Another possible explanation is low detectability 
of young individuals; it could be more difficult to 
observe these turtles in the dense vegetation of Tropical 
Dry Forest. Similar population structures have been 
observed in other species of Rhinoclemmys (Giraldo 
et al. 2012; Wariss et al. 2012; Garcés-Restrepo et al. 
2014), and even though these populations are dominated 
by adults it does not necessarily mean that they are not 
stable or growing (Seburn 2003; Bowne et al. 2018).  
Investigation of reproductive success and juvenile 
survivorship in R. r. perixantha is needed to understand 
the stability of this population and its future viability.  

This population of R. r. perixantha was composed of 
more males that were significantly smaller than females.  
This finding coincides with a general pattern observed 
across turtle populations in which males outnumber 
females when they are the smaller sex (Lovich et al. 
2014).  The proximate cause of sexual size dimorphism 
is the timing at which individuals attain maturity, with 
the smaller sex maturing faster (Seger and Stubblefield 
2002). Also, female sexual size dimorphism was 
suggested as an ancestral character state (Ceballos et al. 
2013).   Courtship patterns have been used to explain the 
ultimate cause of sexual size dimorphism.  For example, 
male-male combat and forced insemination are common 
courtship behaviors in populations of turtles in which 
males are larger than females (Berry and Shine 1980).  
Female choice seems to be more common in populations 
of turtles in which males tend to be smaller than females 
(Berry and Shine 1980).  If R. r. perixantha conforms 
to these patterns, we would expect that female choice is 
an important aspect in their courtship and reproduction.  
The observation that males are larger than females in 
the southern subspecies, R. r. rubida (Legler and Vogt 
2013), suggests that comparisons of R. r. perixantha and 
R. r. rubida could lead to more detailed insights on what 
evolutionary processes drive differences in sexual size 
dimorphism.

Geoemydids from the Old World such as the Yellow 
Pond Turtle (Mauremys mutica; Yasukawa et al. 1996), 
Amboina Box Turtle (Cuora amboinensis) in southeast 
Asia (Ernst et al. 2016), and Mediterranean Turtle (M. 
leporsa; Lovich et al. 2010) did not show differences 
between males and females in body size.  Emydids of 
about the same body size, such as the European Pond 
Turtle (Emys orbicularis) also did not show differences 
in sexual size dimorphism (Zulfi et al. 2006).  Other 
geoemydids such the Western Caspian Turtle, Mauremys 
rivulata (Ayaz and Budak 2008), did show evidence of 
sexual size dimorphism.  The sexual size dimorphism 
hypothesis based on habitat type (Berry and Shine 1980) 
still has support from large data sets and comparative 
phylogenetic analyses (Ceballos et al. 2013; Agha et 
al. 2017), with a basic trend of sexual size dimorphism 
biased toward males in terrestrial and semi-aquatic 
habitats, and sexual size dimorphism biased to females 
in aquatic habitats; however, other factors such variation 
in temperature, precipitation, and aridity seems to 
affecting sexual size dimorphism in local populations 
(Agha et al. 2017). This evidence also gave support to 
the suggestion that male body size could be driven by 
ecological selection instead of fecundity selection for 
female body size.

This is the first report of the basic population ecology 
for a subspecies of the Mexican Spotted Wood Turtle, 
an understudied species.  We found this subspecies 
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to be abundant in the Chamela forest; however, this 
species has high value in the illegal pet trade (Legler 
and Vogt 2013).  Therefore, protecting populations 
like those found in Chamela is necessary for the future 
conservation of this species.  Future research should 
focus on assessing the abundance of this species in other 
parts of its geographic distribution to better assess the 
conservation of this species.
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