
 106   

Herpetological Conservation and Biology 19(1):106–116.
Submitted: 22 July 2022; Accepted: 20 February 2024; Published: 30 April 2024.

Copyright © 2024. Rodolfo Martín-del-Campo
All Rights Reserved.

Estimating the Sex Ratio of Adult Olive Ridley Turtles
in the Mexican Pacific: A Biometric Study

Rodolfo Martín-del-Campo1,2,8, Alessandra Bielli3,4, 
Christian D. Ortega-Ortiz1, Ingmar Sosa-Cornejo5, David Petatán-Ramírez6, 

Zuleika B. González-Camacho5, and Horacio Merchant-Larios7

1Facultad de Ciencias Marinas, Universidad de Colima, Campus El Naranjo, km 20 Carretera Manzanillo-Cihuatlán, 
28860 Manzanillo, Colima, Mexico

2Current address: Department of Oral Health Sciences, Faculty of Dentistry, Life Sciences Institute, University of British 
Columbia, 2350 Health Sciences Mall, Vancouver, British Columbia V6T 1Z3, Canada

3Pro Delphinus, Jose Galvez 780-E, Miraflores, Lima 15074, Peru
4Current address: Centre for Environment, Fisheries and Aquaculture Science (Cefas), Pakefield Road, Lowestoft, 

Suffolk NR33 0HT, UK
5Facultad de Biología, Universidad Autónoma de Sinaloa, Avenue Universitarios s/n., Ciudad Universitaria, 

80040 Culiacán Rosales, Sinaloa, Mexico
6Departamento de Oceanología, Instituto Politécnico Nacional-Centro Interdisciplinario de Ciencias Marinas, 23096

 Baja California Sur, La Paz, Mexico
7Departamento de Biología Celular y Fisiología, Instituto de Investigaciones Biomédicas, Universidad Nacional 

Autónoma de México, México DF 04510, Mexico
8Corresponding author, e-mail: rodolfomdelcampo1983@gmail.com

Abstract.—Information on male sea turtles is important, yet scarce, due to the difficulty in accessing them.  For sea 
turtles, tail length is an important secondary sexual characteristic in adults and can be helpful for demographic 
research.  Here, we measured curved carapace length (CCL), curved carapace width (CCW), plastron to tip total 
tail length (TTL), and cloaca to tip tail length (CTTL) of presumed male and female Olive Ridley Sea Turtles 
(Lepidochelys olivacea) to determine maturity stages.  We studied 106 nesting females on a solitary nesting beach 
and 94 turtles captured offshore.  Based on CCL (58.5–78 cm) and TTL (6.5–20 cm) data from nesting females, 
we inferred the maturity stage and the individual sex of the turtles captured offshore.  Of all individuals captured 
offshore, 31.9% were presumed males (minimum CCL of 58.5 cm and average TTL of 27.8 cm), 36.2% presumed 
females, and 31.9% immature.  This corresponds to a 1.1F:1.0M adult sex ratio.  This finding is consistent with 
the previously reported sex ratio of Olive Ridley adults from the Costa Rican offshore population; however, it 
contrasts with earlier studies on hatchlings from Mexico reporting a strong female bias (1.4F:1.0M) likely induced 
by increasing incubation temperatures due to climate change.  Our results highlight the ecological importance of 
investigating Olive Ridley adult sex ratio and its relationship with hatchling sex ratio, as it may affect the fitness of 
Olive Ridley turtles and their resilience to climate change.

Key Words.—breeding males; curved carapace length; Lepidochelys olivacea; sea turtles; secondary sexual 
characteristics; sexual maturity; temperature-dependent sex determination; total tail length

Introduction

Olive Ridley Turtles (Lepidochelys olivacea) are 
the most abundant sea turtle species in the world and 
are highly migratory, moving between the neritic 
and pelagic zone in tropical regions (except the 
Gulf of Mexico; Morreale et al. 2007).  The genus 
Lepidochelys manifests a unique behavior known as 
arribada nesting.  Thousands of turtles congregate 
over a few days to oviposit their eggs.  Additionally, 
they may nest solitarily or employ a mixed strategy 
(Bernardo and Plotkin 2007).  Three decades of 
records from arribada nesting sites showed that the 
population of Olive Ridley Turtles in the Mexican 

Pacific is the largest in the world and has a stable 
trend (Shanker et al. 2021).  

Olive Ridley Turtles reach sexual maturity when 
they are about 13 y old (range of values, 10–18 y; Zug 
et al. 2006), and according to Márquez (Márquez, 
M.R. 1990. FAO species catalog. Volume 11. Sea 
turtles of the world. An annotated and illustrated 
catalog of sea turtle species known to date. FAO 
Fisheries Synopsis, no. 125, Rome, Italy. Available 
from https://www.fao.org/3/t0244e/t0244e00.htm 
[Accessed 7 July 2023], adult females from the 
Mexican Pacific present an average curved carapace 
length (CCL) of 64 cm.  Although some studies 
have found that males and females have a similar 
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average of CCL (Frazier 1984; Figgener et al. 2022), 
some Olive Ridley populations present sexual size 
dimorphism, with males being larger than females 
(Girard et al. 2021).  For example, during the second 
half of the 20th Century, commercial catch data in 
the Mexican Pacific reported sizes between 51 and 75 
cm, with males being approximately 3 cm longer than 
females (Márquez, op. cit.).

In sea turtles, sexual dimorphism only becomes 
evident once they reach sexual maturity. Mature 
males differ from females by their longer tail with 
a terminal nail (Wibbels 1999; Fig. 1), enclosed 
penis, and enlarged claws on the front flippers 
(Owens 1997), together with a decornified region 
in the middle of the plastron (Owens 1997; Rostal 
2007).  The tail of females is shorter and extends 
only slightly beyond the marginal shields (Wibbels 
1999; Fig. 1).  For immature turtles, several methods 
exist to ascertain the sex of hatchlings, juveniles, and 
subadults (Mrosovsky and Provancha 1992; Gross et 
al. 1995; Owens 1997; Wibbels 2007; Wyneken et al. 
2007).  Detecting the serum antimullerian hormone 
in neonates requires blood samples to be analyzed, 
using the still expensive Western blot technique as a 
sex-specific marker in Loggerhead Turtle neonates, 
and has not yet been successfully tested for other sea 
turtle species (Tezak et al. 2020).  Alternatively, sex 
ratios for clutches are often estimated indirectly from 
nest temperatures or nest incubation duration (e.g., 
Godley et al. 2001; Sandoval-Espinoza 2012), which 
can be inaccurate.  Therefore, determining the sex of 
immature turtles is difficult and leads to a lack of data 
on sea turtle sex ratios.

Like the other species of sea turtles, Olive Ridleys 
have temperature-dependent sex determination (TSD).  
The pivotal temperature, i.e., the temperature range 
for which hatchling sex ratio is 1:1, ranges between 
29°–31° C for Olive Ridleys worldwide (Wibbels, 
2007) and the thermo-sensitive period, defined as the 
time during development when sex is determined, 
occurs in the second third of the incubation period 
(Merchant-Larios et al. 1997).  In this process, lower 
temperatures (< 29° C) of the embryo’s environment 
leads to a higher proportion of males, while higher 
temperatures (> 31° C) lead to a higher proportion 
of females (Merchant-Larios and Díaz-Hernández 
2013).  The increase in environmental temperatures 
due to climate change can feminize sea turtle 
populations, affecting their sex ratio (Wibbels 2003; 
Wibbels 2007), and ultimately lead to reduced genetic 
diversity if the number of mating male individuals is 
too low (Jensen et al. 2018). 

The sex ratio of Olive Ridley hatchlings hatched 
at the arribada beach Escobilla (Mexico, Oaxaca) 
is biased by 55% towards females (Hernández-
Echeagaray et al. 2012), while for solitary nesting 
beaches is biased by more than 67% (Sandoval-
Espinoza 2012).  Sex ratio data for immature and 
adult Olive Ridley Turtles are scarce (Wibbels 2007; 
Peavey et al. 2017).  A bycatch study in the Costa 
Rican longline fishery estimated a 1:1 sex ratio for 
Olive Ridley Turtles (n = 2,864), of which 25.8% 
were adults, and of those adult turtles, 13.2% were 
females, which measured more than 65 cm CCL 
(Dapp et al. 2013).  Conversely, the minimum CCL 
for nesting females sampled on a solitarily nesting 
beach in Costa Rica was 58.5 cm (James and Melero 
2015).  In contrast, a study in the Eastern Pacific 
(from the Gulf of California to Peru) reported a 
strong bias towards males (1.0 F:1.5 M; Peavey et 
al. 2017), in which individuals with straight carapace 
length ≥ 56 cm (59 cm of CCL using the conversion 
of Peavey et al. 2017) and long tails (> 20 cm in 
length) were considered adult males.  Our study 
captured Olive Ridley Turtles in the Central Mexican 
Pacific offshore and at a nesting site to estimate sex 
ratio for individuals that were presumed to be adults 
because of their morphometrics (body size and tail 
length).  More specifically, our goal was to provide 
biometric information about Olive Ridley secondary 
sexual characteristics, i.e., total tail length and curved 
carapace length, and to estimate the sex ratio for 
presumably adult Olive Ridley Turtles in a foraging 
area of the Central Mexican Pacific. 

Figure 1.  Tales of presumed female and male adult Olive Ridley 
Turtles (Lepidochelys olivacea) from the Central Mexican Pacific.  
(A) The tail of a female (11 cm total tail length) turtle and (B) 
a male (27 cm total tail length) turtle that we captured.  Both 
specimens had curved carapace length > 58.5 cm.  We determined 
turtles to be males if total tail length was > 20 cm. (Photographed 
by Rodolfo Martín-del-Campo).
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Materials and Methods

Sample of females at the nesting beach.—Playa 
Ceuta, Sinaloa, Mexico, is a beach with legally 
defined protection activities and is a sanctuary for 
Olive Ridley nesting (Diario Oficial de la Federación 
2002).  This 37-km-long beach is located between 
the Cospita River (23°05’40”N, 107°11’42”W) and 
the Elota River (23°52’43”N, 106°55’51”W) in the 
central region of the state of Sinaloa (Fig. 2).  We 
obtained biometric data from 106 nesting females at 
Playa Ceuta, Sinaloa, during the 2016–2018 seasons 
(Fig. 2), including curved carapace length (CCL), 
curved carapace width (CCW), plastron to tip total 
tail length (TTL), and cloaca-to-tip tail length (CTTL) 
according to Bolten (1999) and Wyneken (2001).  We 
compiled the data following the current plan for the 
Management and Conservation of sea turtles of the 
Universidad Autónoma de Sinaloa (PROTORMAR-
UAS) and the National Commission of Natural 
Protected Areas (CONANP).

Offshore turtle sampling.—We captured 94 
immature and mature Olive Ridley Turtles  between 
November 2011 and July 2012 during three research 
surveys on feeding grounds in the coastal and oceanic 
region of the Central Mexican Pacific (Fig. 2), an area 
of 70,134.4 km2, delimited by Maruata, Michoacan 
(16º50’38”N, 104º13’21”W) and Cabo Corrientes, 
Jalisco (19º17’16”N, 107°18’34”W).  We employed 
the turtle rodeo technique (Limpus 1985; Ehrhart 
and Ogren 1999) from a small boat with an outboard 
motor to capture individuals floating on the surface 
during sunbasking.  Similar to nesting females, we 
recorded CCL, CCW, TTL, and CTTL.

Maturity stage and sex of individuals sampled 
offshore.—We calculated descriptive statistics for 
CCL, CCW, TTL, and CTTL to determine the maturity 
stage and sex of individual turtles sampled offshore.  
We used the minimum CCL of the sampled nesting 
females to establish our own baseline for maturity.  
We classified individuals captured offshore as mature 
(referred to as presumed adults hereafter) if their 
CCL was equal to or exceeded the minimum CCL (> 
58.5 cm) of the nesting individuals sampled on the 
beach; otherwise, they were classified as immature.  
We classified offshore presumed adult individuals as 
males (referred to as presumed adult males hereafter) 
when their TTL exceeded the maximum TTL (> 
20 cm) measured in the females sampled on the 
beach; Peavey et al. (2017) used the same tail length 

threshold for mature male status.  We considered 
individuals with CCL ≤ 58.5 cm as immature, thus 
we did not determine their sex as their tail does not 
present any sexual dimorphism; therefore, this group 
was excluded from any further statistical analysis.

Comparison of biometric data.—We performed 
all statistical tests using the statistical program 
R 4.0.2. (R Development Core Team 2020).  We 
analyzed the biometric data collected to assess the 
statistical significance of differences between sexes 
and between life stages.  With this aim, we compared, 
separately, CCL, CCW, TTL, and CTTL between 
presumed adult females and presumed adult males 
captured offshore and between presumed adult females 
captured offshore and nesting females.	

Groups had unequal sample sizes and were not 
normally distributed.  Thus, we used the wilcox.test 
function to evaluate whether CCL, CCW, TTL, and 
CTTL were significantly different between groups.  
We selected these comparison groups as the most 
biologically meaningful for this study, and the other 
possible group combinations were not considered.  In 
the results, we present the test statistic W (i.e., the 
sum of the ranks of one of the two groups) and the 

Figure 2.  Study areas in the Mexican Pacific Ocean.  Circles 
indicate the offshore sampling locations.  The star indicates 
the sampling location for nesting female Olive Ridley Turtles 
(Lepidochelys olivacea).  The closer view shows the catches where 
there was a higher density of turtles.
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P-value (i.e., the probability under the assumption 
of no difference, of obtaining a result equal to or 
more extreme than what was actually observed).  
We compared TTL/CTTL ratios between sexes of 
individuals captured offshore, specifically between 
presumed adult females and males.  Because ratios 
were normally distributed in all groups, but sample 
sizes were unequal, using the t.test function, we ran 
a Welch two-sample t-test to compare TTL/VTTL 
ratios.

Correlation of biometric data.—We performed 
a correlation test to assess a statistical correlation 
between CCL and CCW and between TTL and CTTL 
within each group.  When the data were normally 
distributed, we used the cor.test function with the 
option method = Pearson to perform a Pearson’s 
Product-moment Correlation Test.  When data 
appeared abnormally distributed, we used the cor.test 
function with the option method = Kendall to perform 
Kendall’s Rank Correlation Test.  We presented 
results as τ(n), where τ represents the correlation 
coefficient tau and n the number of samples.

Sex ratio of sea turtles sampled offshore.—After 
determining the number of presumed adult males and 
females sampled offshore, we ran a binomial test to 
assess whether the deviance from an equal sex ratio 
(i.e., a sex ratio of 50%) was significant (Wilson and 
Hardy 2002; Costa and Salvidio 2020).  We used the 
binom.test function, setting the theoretical probability 
of catching a female as 0.50, corresponding to a sex 
ratio of 1.0 (Fisher 1958).  We also calculated the 
power of the binomial test using the formula power = 
1-β, where β is the type II error (i.e., failing to reject 
the null hypothesis when it is actually false).

Results

We measured 106 nesting Olive Ridley females 
at Playa Ceuta (Table 1).  We captured 94 presumed 
adults and immature Olive Ridley Turtles offshore.  
Using the minimum CCL of nesting females at Playa 
Ceuta (58.5 cm) we estimated that, of all individuals 
measured offshore, 31.9% were immature individuals 
and 68.1% were presumed adults.  Based on TTL of 
Playa Ceuta nesting females (maximum tail length 
20.0 cm), of the 64 presumed adults sampled offshore, 
we identified 30 as presumed adult males (TTL > 
20.0 cm), and 34 were presumed adult females (TTL 
< 20.0 cm; Peavey et al. 2022).

The CCL, CCW and CTTL significantly differed 
between nesting females sampled on the beach and 
presumed adult females sampled offshore (W = 
1093.0, P < 0.001; W = 835.0, P < 0.001; W = 1006.5, 
P < 0.001, respectively).  The CCL, CCW and CTTL 
also significantly differed between presumed adult 
males and females sampled offshore (W = 349.5, P 
= 0.031; W = 338.5, P = 0.021; W = 13.0, P < 0.001, 
respectively).  Total tail length significantly differed 
between presumed adult males and nesting and 
presumed adult females (W = 0, P < 0.001). 

CCL and CCW were significantly correlated for 
nesting females (r = 0.69, t = 9.70, df = 104, P < 
0.010), presumed adult males (τ = 0.42, P < 0.010) 
and presumed adult females (τ = 0.49,  P < 0.010) 
sampled offshore, and immature individuals (τ = 
0.58, P < 0.010; Fig. 3).  TTL and CTTL also were 
significantly correlated for nesting females (r = 0.35, 
t = 3.85, df = 103, P < 0.010), presumed adult males 
(τ = 0.48,  P < 0.01) and presumed adult females (r = 
0.54, t = 3.67, df = 32, P < 0.010) sampled offshore, 
and immature individuals sampled offshore (r = 0.71, 
t = 5.07,  df = 26, P < 0.010; Fig. 4).  The mean TTL/
CTTL ratio was 3.32 (± 1.44), 3.32 (± 0.87), 4.51 (± 

 Group CCL CCW TTL CTTL

Nesting females (n =106) 65.2 (± 2.9)
58.5–78.0

70.2 (± 2.9)
65.0–83.0

13.3 (± 2.7)
6.5–20.0

4.3 (± 1.1)
1.0–7.0

Immature (n = 30) 53.8 (± 7.9)
25.0–58.5

57.5 (± 10.3)
23.0–66.5

11.1 (± 3.9)
3.0–20.0

3.4 (± 1.2)
1.5–6.0

Presumed adult females (n = 34) 63.0 (± 3.1)
59.0–69.0

65.4 (± 5.7)
53.5–76.0

11.9 (± 3.7)
5.5–19.0

3.6 (± 0.8)
1.8–5.5

Presumed adult males (n = 30) 64.7 (± 2.6)
59.5–70.0

68.7 (± 3.2)
62.5–76.0

27.8 (± 2.9)
23.0–33.0

6.3 (± 1.1)
5.0–9.5

Table 1.  Mean (± standard deviation, SD), minimum and maximum values (below mean) for curved carapace length (CCL), curved cara-
pace width (CCW), total tail length (TTL), and cloaca-to-tip length (CTTL) measurements (cm) of Olive Ridley (Lepidochelys olivacea) 
nesting females at Playa Ceuta, Mexico, during the 2016–2018 nesting seasons, and immature, presumed adult female, and presumed 
adult males captured offshore at the Central Mexican Pacific during 2011 and 2012. 
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foraging area for Olive Ridley Turtles, which are 
epipelagic feeders (Morreale et al. 2007; Zepeda-
Borja et al. 2017; Carpena-Catoira et al. 2022).  
Because they spend most of their life offshore, it is 
difficult to gather data on non-nesting individuals.  

The measured minimum CCL of 58.5 cm for 
nesting females sampled on Playa Ceuta corresponds 
to the minimum CCL (58.5 cm) of Olive Ridley 
Turtles sampled on a solitarily nesting beach in Costa 
Rica by James and Melero (2015).  The results from 
our study, however, are valid for the Olive Ridley 
population of the Mexican Pacific, and we encourage 
the replication of this analysis on other populations 
because CCL size can vary among nesting beaches, 
especially for such a widely distributed species 
(Wibbels 1999).  For example, in Rushikulya (one of 
the main arribada beaches in India), nesting female 
mean CCL was 67.1 cm (range of values, 60.8–73.6 
cm; Tripathy 2008).  For comparison, if we use 

0.54) and 3.33 (± 1.06) for nesting females, presumed 
adult females and males, and immature, respectively. 
TTL/CTTL ratio differed significantly only between 
presumed adult males and presumed adult females 
sampled offshore (t = ˗6.60, P < 0.010).   The 
experimental probability of catching an adult female 
was 0.53 (95% Confidence Interval = 0.40–0.66) and 
that the deviance of the experimental probability from 
the theoretical probability of 0.50 was not significant 
(P = 0.710).  The power of the binomial test was 0.39.

Discussion

Our study gathered size and biometric data to 
estimate maturity state and sex ratio data for presumed 
adult Olive Ridley Turtles in feeding grounds of the 
Central Mexican Pacific, directly addressing the 
lack of knowledge about the species in this area.  
The oceanic Central Mexican Pacific is a potential 

Figure 3.  Correlation of curved carapace length (CCL) and curved carapace width (CCW) (cm) of Olive Ridley Turtles (Lepidochelys 
olivacea): (A) nesting females (measured at nesting site), (B) presumed adult females captured offshore, (C) presumed adult males 
captured offshore, and (D) immature individuals sampled offshore.  The r and τ are the correlation coefficients of the Pearson’s Product-
moment Correlation Test and Kendall’s Rank Correlation Test, respectively.
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the minimum CCL of 60.8 cm CCL suggested by 
Tripathy (2008), the proportion of adults in our study 
would be reduced by 15.5%.     

Curved carapace length and CCW of presumed 
adult males (64.7 ± 2.6 cm and 68.7 ± 3.2, 
respectively) were significantly larger than those of 
presumed adult females sampled offshore (63.0 ± 3.1 
cm and 65.4 ± 5.7, respectively), which is in line with 
results for an Olive Ridley population in the Congo 
showing a strong sexual size dimorphism, with males 
being larger than females (mean CCL = 73.85 ± 2.00 
cm and mean CCL = 69.64 ± 2.05 cm, respectively; 
Girard et al., 2021). These results suggest that sexual 
size dimorphism could be a global pattern for Olive 
Ridley Turtles, with mean CCL varying between 
populations.  In other sea turtle species, however, 
sexual size dimorphism is less commonly observed 
(Frazier 1984; Figgener et al. 2022).

We also found that nesting females were larger 
(65.2 ± 2.9 cm and 70.2 ± 2.9, CCL and CCW 
respectively) than presumed adult females offshore 
(63 ± 3.1 cm and 65.4 ± 5.7, CCL and CCW 
respectively).  This could be because older females 
(assumed to be larger) may lay more clutches per 
season than younger females who have only recently 
begun to nest, so it could increase the probability 
of finding longer females on nesting beaches.  
Furthermore, and as mentioned above, the size 
reported for adult females is known to vary among 
nesting beaches and studies; for example, according 
to Márquez (op. cit.) and Pritchard (2007), mean 
female CCL was 63.5 cm in Escobilla (Mexico), 68.8 
cm in Nancite (Costa Rica), and 72 cm in Guyana 
(SCL converted to CCL as in Peavey et al. 2017).  In 
our study, we identified nesting females from Playa 
Ceuta with CCL up to 78 cm.  Longer CCL have been 

Figure 4.  Correlation of total tail length (TTL) and cloaca-to-tip length (CTTL) of Olive Ridley Turtles (Lepidochelys olivacea): (A) 
nesting females (measured at nesting site), (B) presumed adult females captured offshore, (C) presumed adult males captured offshore, 
and (D) immature individuals measured offshore.  The r and τ are the correlation coefficients of the Pearson’s Product-moment Correlation 
Test and Kendall’s Rank Correlation Test, respectively.
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found in Olive Ridley Turtles in the eastern Atlantic 
were female CCL ranged between 62–80 cm (mean 
CCL = 70.1 cm) and for males 64–86 cm (mean CCL 
= 70.6 cm; Fretey 2001).  In our study, it is possible 
that sampling of offshore males could be limited and 
potentially size-biased, therefore it may be harder to 
capture the larger males because they could present 
more avoidance behavior.

Olive Ridleys have previously been described as 
having a steep-sided and flat-topped carapace, and 
its width 90% of its length (when SCL is measured; 
Pritchard 2007; Márquez, op. cit.).  In our study, 
the Olive Ridley carapace is wider than long when 
measuring CCL and CCW, and this is consistent with 
previous studies from the Eastern Pacific (Hart et al. 
2014; Dornfeld et al. 2015; James and Melero 2015; 
Martínez-Vargas et al. 2022).  We found a positive 
correlation (CCL and CCW in all the groups we 
analyzed, something previously reported in Olive 
Ridleys (Pritchard 1969).  Furthermore, we identified 
a positive correlation between TTL and CTTL among 
all the groups analyzed (Fig. 4), which shows that 
biometric measures increase as the turtle grows, 
regardless of maturity stage or sex.  Finally, the 
TTL/CTTL ratio of mature males was significantly 
greater than the other groups.  All the correlations 
mentioned above have been shown in sexually mature 
Loggerhead Turtles in the Mediterranean (Casale et 
al. 2005). 

Our analysis infers the sex ratio of adult Olive 
Ridley Turtles in the feeding ground of the Central 
Mexican Pacific.  The current results suggest a 1:1 
ratio of presumed adult males and presumed adult 
females.  These results concur with the ratio identified 
in Costa Rican waters (Dapp et al. 2013), but caution 
should be taken when interpreting these results, as 
the power of the binomial test was 0.39, representing 
a medium power (Cohen 1988).  It is necessary to 
increase the sample size to increase the strength and 
identify small but significant effects (Cohen 1992).  
Additionally, the genetic origin of our offshore Olive 
Ridleys is unknown.  Yet a subsample (n = 85) of 
these turtles showed that 50% of them corresponds to 
the haplotype Lo46 (Martin-del-Campo et al., 2023); 
and this haplotype is dominant for all the Eastern 
Pacific, including arribada and solitary nesting 
rookeries from Mexico and Costa Rica (Campista-
León et al., 2019; Silver-Gorges et al., 2020; Vilaça 
et al., 2022).  Therefore, we cannot yet fully define 
the genetic relationship between the turtles sampled 
offshore and on Playa Ceuta (Martin-del-Campo et 
al. 2023).

Most studies of solitary nesting Olive Ridley sex 
ratios use data from hatcheries (Wibbels 2007) where 
nests are relocated to protect them from predation 
and poaching.  García et al. (2003) found that the 
bias towards females was similar in relocated and 
in situ Olive Ridley nests (1.35 F:1.00 M and 1.41 
F:1.00 M, respectively). This biased female sex ratio 
also has been reported among other sea turtle species 
such as Green (Chelonia mydas), Kemp’s Ridley 
and Loggerhead turtles (Casale et al. 2005; Wibbels 
2007; Limpus et al. 2009; Booth et al. 2020).  It is 
worth noting that the sex ratio bias towards females 
reported for hatchlings in the early 1990s (García 
et al. 2003) was confirmed in more recent years 
(Sandoval-Espinoza 2012); however, our study 
shows a stable sex ratio in presumed adult turtles.  
Regarding studies of sex ratio on immature Olive 
Ridleys based on hormone analysis, most of these 
studies reported a sex ratio bias towards females, and 
only a few reported a male-biased sex ratio (Shaver 
1991; Wibbels 2007).

In the context of climate change and its effect 
on sea turtle populations, a 2018 study in the Great 
Barrier Reef (GBR) concluded that the bias towards 
females in northern GBR rookeries has been evident 
for the last 20 y, indicating that the total feminization 
of this population will soon occur (Jensen et al. 2018).  
Furthermore, Hays et al. (2003) proposed a general 
warming trend for Green Turtle nests between 0.36° 
C and 0.49° C over the last 100 y; however, Patrício 
et al. (2019) suggested that the Green Turtle can be 
resilient to climate change through the evolution of 
nest site selection or changes in nesting phenology.  
In addition, sex-specific mortality of immature and 
mature turtles can directly affect the sex ratio of 
breeding adults (Coyne and Landry 2007), and the 
biology of male sea turtles (e.g., multiple paternity) 
may help mitigate female-biased hatchling sex ratio 
(Hays et al. 2022).   

A long-term study, as done on Green Turtles by 
Jensen et al. (2018), is necessary to know the effect 
of the rising global temperature on the sex ratios 
(primary, secondary, and breeding) of Olive Ridleys.  
This type of study, however, requires time and often 
use invasive methods, which presents both logistical 
and ethical complications (Jensen et al., 2018).  In 
the absence of such studies for Olive Ridleys, our 
study provides an indicator of sex ratio derived from 
biometrics (TTL, CCL) that can be easily measured, 
and allows researchers to gather essential information 
on the biology of this elusive species. 
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