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1.  INTRODUCTION 

The field of teratology explores abnormal develop-
ment and congenital malformations, which are de -
fined as structural defects that are present at birth 

and involve the intrinsic alteration of the affected 
tissue (Smith 1975, Trigos et al. 2000). Research on 
teratogenesis has primarily been carried out in 
humans and model organisms (Guest et al. 1994, 
Ujházy et al. 2012, Kameoka et al. 2014). Wild, cap-
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mations in hatchlings, and the associated causes are multifactorial, with both genetic and environ-
mental sources. Santuario Playa Ceuta (SPC) is a sanctuary for the olive ridley, located at the 
northernmost region of its nesting range in the Mexican Pacific. The objective of this study was to 
identify and quantify the prevalence and severity of congenital malformations in olive ridley 
embryos/hatchlings in SPC during the 2017 nesting season. We collected 62 907 eggs from 643 
relocated nests that were moved to a hatchery, of which 4242 eggs with obvious development did 
not hatch and were analyzed for this study. Hatching success was 53.9%, with 22.5% of nests (n = 
145) and 0.54% of eggs (n = 344) showing embryos or hatchlings with malformations. The nest 
severity index was 2.4 (range: 1−10) malformed embryos or hatchlings per nest, and the organism 
severity index was 1.4 (range: 1−7) malformations per malformed embryo or hatchling. Leucism 
was the most prevalent malformation (34.4%; 170/494 total observed), with the craniofacial region 
showing the greatest diversity of malformations (17/35 types). Given the geographical position of 
SPC, extreme environmental conditions (e.g. cold, heat, and dryness) could be one of the main 
causes of teratogenesis in this species. However, more studies are needed regarding the presence 
of contaminants, genetic factors, health assessments of nesting females, and malformation rates of 
nests that remain in situ versus those that are relocated.  
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tive, and domesticated animals have also been exam-
ined (Rousseaux & Ribble 1988, Donnai & Winter 
1995, Rojas-Lleonart et al. 2010, Martín-del-Campo 
et al. 2019a). Malformations can appear early on in 
embryonic development and can be lethal, depend-
ing on the affected organ and level of severity (Need-
ham et al. 2008, Moore et al. 2016). The etiology of 
teratogenesis can be multifactorial, including genetic 
and environmental agents (e.g. UV radiation, hyper-
thermia, pollutants, nutritional defects or vi ruses), 
and can involve complicated interrelations among 
these factors (Smith 1975). The incidence of con -
genital malformations depends on the species, em -
bryonic stage, and the time and dose of exposure 
to  the teratogenic agent (Edwards 1968, Upfold et 
al.  1989, Alwan & Chambers 2015). In reptiles, the 
presence of congenital malformations has been pre-
viously reported (Martín-del-Campo et al. 2019a), 
with as sociated causes considered to be both genetic 
and environmental, among which are exposure to 
chemical agents (Bishop et al. 1991), abnormal tem-
peratures (high or low), embryonic anoxia (Wallach 
2007), absence or excess of humidity, insufficient 
nutrients, and radiation (Martín-del-Campo et al. 
2019a). 

The presence of congenital malformations has 
been reported in all species of sea turtles (Martín-
del-Campo et al. 2021), and although most are lethal 
(Bárcenas-Ibarra et al. 2015), those that occur in late 
embryonic development do not always result in mor-
tality (Martín-del-Campo et al. 2021). Bárcenas-
Ibarra et al. (2015) suggested that olive ridley sea tur-
tles Lepidochelys olivacea nesting in northwestern 
Mexico (El Verde Camacho, Sinaloa) have a higher 
incidence (2%) of congenital malformations com-
pared to other species of sea turtles (e.g. 0.2% in 
green sea turtles Chelonia mydas) and can present 
multiple malformations per individual. Santuario 
Playa Ceuta (SPC), also in northwestern Mexico, is a 
nesting beach for L. olivacea with more than 40 yr 
of  nesting records (Sosa-Cornejo et al. 2021). This 
beach is located at the northernmost limit of the spe-
cies’ nesting area on the mainland (Campista-León et 
al. 2019), although sporadic nesting may occur above 
this latitude (Seminof & Nichols 2007). Records from 
this beach indicate that hatchlings can have congen-
ital malformations and often exhibit deficient pig-
mentation; in some of those cases, the turtles were 
able to hatch and reach the ocean (F. Enciso-Saracho 
unpubl. data). Thus far, no study has been conducted 
regarding the incidence of congenital malformations 
and the occurrence of pigmentation defects in em -
bryos of the SPC population. 

Leucism (i.e. hypopigmentation) is a congenital 
condition characterized by lack of pigmentation 
in  certain parts of the body (van Grouw 2013). 
Whereas albino animals show a complete lack of 
pigmentation, including eyes, skin, and claws, leu -
cistic animals often have some parts of the body 
that are normally pigmented (Brito & Valdivieso-
Bermeo 2016, Izquierdo et al. 2018). Leucism has 
been associated with several factors, such as genetic 
mutations (van Grouw 2013), inbreeding (Bensch 
et al. 2000), and contaminant exposure (Møller & 
Mousseau 2003, van Grouw 2013) in birds and in -
sufficient nutrition in mammals (Brito & Valdivieso-
Bermeo 2016). Leucism has been reported in all 
sea turtle species and is typically not lethal when 
other malformations are not present (Martín-del-
Campo et al. 2021); however, leucism can affect 
the fitness of individuals since coloration is an 
important component for survival and reproduction 
(Møller & Mousseau 2003, Krecsák 2008, Madeira 
et al. 2020). 

Several studies have been carried out on conge -
nital malformations in the olive ridley sea turtle 
(Galván 1991, Gularte 2000, Trejo 2000, Ruiz 2002, 
Bárcenas-Ibarra & Maldonado-Gasca 2009, Bárce-
nas-Ibarra et al. 2015). In the present study, we 
aimed to identify and quantify the prevalence and 
severity of congenital malformations in olive ridley 
embryos and hatchlings in SPC, Sinaloa, Mexico — a 
previously unexplored population. Based on the 
information on the malformations in this population, 
the stage of embryonic development (Miller 1985, 
Kaska & Downie 1999) in which these alterations 
occurred can be inferred. 

2.  MATERIALS AND METHODS 

2.1.  Study area 

SPC is located in the central region of the state of 
Sinaloa, Mexico, within the municipality of Elota, 
between the Cospita River to the north (24° 05’ 42’’ N, 
107° 11’ 38’’ W) and the Elota River to the south 
(23° 52’ 43’’ N, 106° 55’ 52’’ W) (Fig. 1). The beach area 
is 37 km long and is part of the Quevedo peninsula. 
The Autonomous University of Sinaloa began moni-
toring nesting in SPC in 1976; a decade later, it was 
designated as a Reserve Zone and Refuge Site for the 
Protection, Conservation, Repopulation, Development 
and Control of Various Species of Sea Turtles (DOF 
1986). The area was designated as a Sanctuary for 
the olive ridley turtle nesting in 2002 (DOF 2002). 
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2.2.  Nest collection and incubation 

Nests were collected during nightly surveys 
between July and December 2017 using the method-
ology proposed by Schroeder & Murphy (1999) and 
SWOT Scientific Advisory Board (2011). A Honda 
250 all-terrain vehicle was used to patrol the beach 
looking for nests, and eggs were collected in a plastic 
bag and transported in a bucket. Nests were trans-
ferred to the SPC camp after a period not exceeding 
4 h and incubated using one of 2 techniques: (1) 
in polyurethane boxes or (2) in a hatchery (pro-
tected beach area). Nest protection and relocation 
occur because of temperature fluctuations that are 
recorded during the season that can cause embry-
onic mortality (Mortimer 1999), and due to poaching 
and predation. Each nest was labeled with a serial 
number as well as its incubation date and number of 
eggs. 

Once the eggs hatched (mean ± SD: 45 ± 3 d), 
nests were excavated and inventoried, which con-

sisted of counting the number of shells, live and 
dead hatchlings, and eggs with and without obvi-
ous embryonic development (EED and EWED 
respectively) to estimate the hatching success 
(Fowler 1979, Caut et al. 2006). Eggs with blood 
vessels present in the yolk or a white circle on the 
outside of the eggshell were considered EED. The 
circle indicates the adherence of the shell mem-
branes to the shell, which occurs during early 
incubation of fertile eggs (Whitmore & Dutton 
1985). If the yolk or shell did not present the 
above-mentioned features, the egg was classified 
as EWED and considered not fertilized. For some 
EEDs, we were unable to identify the development 
stage because development was stopped too early 
to detect the corresponding stage. EEDs were ana-
lyzed, and each dead embryo or hatchling with a 
malformation was collected in a 250 ml bottle with 
90% alcohol and transferred to the Zoology Labo-
ratory of the Faculty of Biology of the Autonomous 
University of Sinaloa. A stereomicroscope and an 
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Fig. 1. Study area along the coast of Mexico. Yellow area: the municipality of Elota; red: Santuario Playa Ceuta, where olive  
ridley sea turtle nesting data were collected
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Olympus lens digital camera (Olympus FE-370) 
were used to identify and take pictures of the mal-
formations. Hatching success and incidence of 
malformations between the 2 incubation techniques 
were compared using a Mann-Whitney U-test. 

2.3.  Malformation analysis 

For the identification of malformations, we used 
nomenclature proposed by Frye (1991) and Makris et 
al. (2009). Malformations were classified according 
to anatomical region, including whole body, cara-
pace, limbs and tail, and craniofacial structures 
(skull, eyes, nostrils, and jaw). The frequency of each 
of the identified malformations was estimated as well 
as their prevalence and severity indices (Margolis et 
al. 1982, Fajardo-Gutiérrez 2017). The prevalence 
index measures the proportion of nests or organisms 
in which at least one congenital malformation was 
observed relative to the total number of nests (nest 
prevalence [NP]; Eq. 1) or eggs (egg prevalence [EP]; 
Eq. 2) examined. The nest severity index (NS) indi-
cates the number of malformed organisms per nest 
(Eq. 3), and the organism severity index (OS) indi-
cates the number of congenital malformations per 
organism relative to the total number of organisms 
with congenital malformations (Eq. 4) (Bárcenas-
Ibarra et al. 2015). 

     × 100    (1) 

            × 100           (2) 

           (3) 

                          (4) 

NP, EP, and NS were also measured for each type of 
malformation. 

3.  RESULTS 

A total of 643 nests were collected, of which 30% 
(191 nests) were incubated in polyurethane boxes 
and 70% (452 nests) in a hatchery, resulting in 62 907 
eggs. A hatching success of 53.9% was calculated, 
with 32 783 live hatchlings and 1145 dead hatchlings. 
Hatching success did not differ significantly between 
incubation techniques (55.09 ± 14.72% for poly -
urethane boxes, 50.72 ± 16.39% for hatchery; p > 
0.05). Of the unhatched eggs, 24 737 were EWED 
and 4242 were EED. Of the 643 nests recorded,145 
had at least one malformed organism (NP = 22.5%), 
13 of which included fully formed hatchlings (not 
embryos). A total of 344 organisms (328 embryos and 
16 hatchlings) were malformed (EP = 0.54%), with 
494 total observed malformations (i.e. some organ-
isms had multiple malformations). Incidence of mal-
formations did not differ significantly between incu-
bation techniques (0.60 ± 1.78% for polyurethane 
boxes, 0.50 ± 1.61% for hatchery; p > 0.05). NS was 
2.4 (range: 1−10) malformed embryos or hatchlings 
nest−1, and OS was 1.4 (range: 1−7) malformations 
per malformed embryo or hatchling. 

A total of 35 different types of malformations were 
identified, of which 6 impacted the whole body 
(Fig. 2b−f): partial leucism, characterized by partially 
reduced pigmentation (Fig. 2b); full leucism, charac-
terized by reduced pigmentation throughout the body 
(Fig. 2c); anasarca, characterized by an accumulation 
of interstitial fluid in the subcutaneous connective tis-
sue (Fig. 2d); twins, characterized by 2 embryos 
joined at the dorsal or posterior region of the head, at 
the umbilical cord, or embryo attached to a parasitic 
twin, whose body is smaller (Fig. 2e); and dwarfism 
and gigantism, characterized by embryos of smaller 
or larger than normal size, respectively (Fig. 2f). 

Eight malformations were identified in the carapa-
cial region (Fig. 3a−h): supernumerary scutes, char-
acterized by more scutes than typical (Fig. 3a); sub-
numerary scutes, characterized by fewer scutes than 
typical (Fig. 3b); deformed scutes, characterized by 
abnormal shape of scutes (Fig. 3c); scoliosis, charac-

OS =

No. of congenital malformations

Total no. of malformed organisms

NP =
No. of nests with malformed organisms

Total no. of examined nests

EP =
No. of malformed organisms

Total no. of examined eggs

NS =
No. of malformed organisms

Total no. of nests with malformed organisms
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Fig. 2. Normal development and congenital malformations of the entire body in olive ridley sea turtles from Santuario Playa 
Ceuta. (a) Normal hatchling; (b) partial leucism; (c) total leucism; (d) anasarca; (e) twins; (f) gigantism and dwarfism
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terized by lateral curvature of the spine (Fig. 3d); 
kyphosis, characterized by abnormal curvature of the 
spine of dorsal convexity (Fig. 3e); osteo-agenesis, 
characterized by absence of any bone (Fig. 3f); mis-
shapen bones, characterized by abnormal shape of 
the bones (Fig. 3g); and plastron metaplasia, charac-
terized by abnormal tissue in the plastron (Fig. 3h). 

Four malformations were identified in the limbs 
and tail (Figs. 3i−l): micromelia, characterized by dis-

proportionately short or small flipper(s) (Fig. 3i); 
amelia, characterized by complete absence of one or 
more flipper(s) (Fig. 3j); brachydactyly, characterized 
by shortening of the digits (Fig. 3k); and anury, char-
acterized by absence of the tail (Fig. 3l). 

In the craniofacial region, 17 malformations were 
identified, of which 5 were identified in the skull 
(Fig. 4a−e), 6 in the eyes (Fig. 4f−k), 4 in the jaws 
(Fig. 4l−o), and 2 in the nostrils (Fig. 4p−q). For the 
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Fig. 3. Congenital malformations in the carapace, limbs, and tail in olive ridley sea turtles from Santuario Playa Ceuta. (a) Su-
pernumerary scutes; (b) subnumerary scutes; (c) deformed scutes; (d) scoliosis; (e) kyphosis; (f) osteo-agenesis; (g) misshapen 
bones; (h) plastron metaplasia; (i) micromelia; (j) amelia; (k) brachydactyly; (l) anury. Arrowheads show malformation

Fig. 4. Craniofacial malformations in olive ridley sea turtles from Santuario Playa Ceuta. (a) Anencephaly; (b) exencephaly; 
(c) encephalocele; (d) acephaly; (e) microcephaly; (f) anophthalmia; (g) cyclopia; (h) sinophthalmia; (i) macrophthalmia; (j) 
 microphthalmia; (k) eyelid dysplasia; (l) agnathia; (m) prognathia; (n) laterognathia; (o) brachygnathia; (p) arhinia; (q)  

rhinoschisis. Arrowheads show malformation

A
u
th

o
r 

c
o
p
y



Dis Aquat Org 152: 61–71, 2022

skull region, these were anencephaly, characterized 
by absence of the cranial region of the head with 
brain absent or reduced in size (Fig. 4a); exen-
cephaly, characterized by the brain protruding out-
side the skull due to absence of all or part of the cra-
nial vault (Fig. 4b); encephalocele, characterized by 
sac-like protrusions of the brain and membrane cov-
ering through openings in the skull (Fig. 4c); ace -
phaly, characterized by absence of a head (Fig. 4d); 
and microcephaly, characterized by disproportion-
ately small head (Fig. 4e). In the ocular region, the 
following malformations were identified: anoph-
thalmia, characterized by absence of eyes (Fig. 4f); 
cyclopia, characterized by the presence of only one 
eye (Fig. 4g); sinophthalmia, characterized by the 
eyes being fused into one (Fig. 4h); macrophthalmia, 
characterized by enlargement of the eyes (Fig. 4i); 
microphthalmia, characterized by eyes being re -
duced in size (Fig. 4j); and eyelid dysplasia, charac-
terized by abnormal eyelids (Fig. 4k). For the region 
of the jaws: agnathia, characterized by an absence of 
the jaw (Fig. 4l); prognathia, characterized by 
enlarged or protruding jaw compared to its normal 
position in the skull (Fig. 4m); laterognathia, charac-
terized by the lower jaw turned to the right or left 
(Fig. 4n); and brachygnathia, characterized by the 
presence of small jaw (Fig. 4o). For the nostrils: 
arrhinia, characterized by absence of the nares 
(Fig. 4p); and rhinoschisis, characterized by vertical 
separation of the nares into 2 equal parts (Fig. 4q). 

The craniofacial region had the highest number of 
malformations (17/35 malformation types) compared 
to other regions of the body. The most prevalent mal-
formations were total leucism (n = 114/494 total 
observed malformations; 23.1%), followed by partial 
leucism (n = 56/494 total observed malformations; 
11.3%), and both were frequently accompanied by 
craniofacial malformations (eyes, jaws, and nostrils; 
see Table 1). Total leucism was the malformation 
with the highest nest prevalence (NP = 17.7%) and 
severity indices (NS = 1.58 malformations nest–1) 
(Table 1). The lowest NP (0.31%) was observed 
for anasarca, gigantism, anury, and brachydactyly 
(Table 1). 

Regarding severity, microphthalmia — despite be -
ing a malformation with low frequency (n = 9/494 
total observed malformations; 1.8%) and low NP 
(1.4%) — was the malformation that showed the 
greatest NS (2.25 malformed organisms nest−1), fol-
lowed by scoliosis (1.95 malformed organisms nest−1) 
(Table 1). The lowest NS (1.0 malformed organisms 
nest−1) was observed for anasarca, dwarfism, gigan-
tism, supernumerary scutes, osteo-agenesis, micro -

melia, amelia, brachydactyly, anury, microcephaly, 
cyclopia, macrophthalmia, and rhinoschisis (Table 1). 

4.  DISCUSSION 

In SPC, the presence of congenital malformations 
was identified in all anatomical regions of olive ridley 
embryos and hatchlings, with leucism being the most 
prevalent malformation (34.4%). The craniofacial re -
gion exhibited the greatest diversity of malforma-
tions (17/35 malformation types). Hatching success 
(53.9%) of olive ridleys nesting in SPC was similar to 
that reported in the hatchery by Bárcenas-Ibarra et 
al. (2015) for El Verde Camacho nesting beach 
(58%), Sinaloa, also in northwestern Mexico. Other 
studies on relocated olive ridley nests have reported 
hatching success ranging from 75−85% (Galván 
1991, Trejo 2000, Ruiz 2002, Bárcenas-Ibarra & Mal-
donado-Gasca 2009); however, these studies were 
conducted in more southern latitudes of the Mexican 
Pacific, where the environmental conditions are not 
as extreme as in the north of the Mexican Pacific. 
Higher hatching success has been reported for other 
species, such as hawksbill Eretmochelys imbricata 
and green sea turtles (Bárcenas-Ibarra et al. 2015) 
from the Yucatan Peninsula, Mexico, possibly be -
cause in other species incubation regularly occurs in 

situ, while for the olive ridley, solitary nests are regu-
larly artificially incubated or relocated in hatcheries 
to avoid poaching and predation (da Silva et al. 2007, 
Maulany et al. 2012, Bárcenas-Ibarra et al. 2015, 
Hart et al. 2018, Kurniawan & Gitayan 2020), which 
can affect mortality and hatching success (Mro -
sovsky 1982). 

In this study, it is important to consider the effect of 
nest handling. SPC has a length of 37 km, and the 
eggs are subject to physical stressors associated with 
transfer time, relocation, and manipulation, all of 
which can affect hatching compared to nests left in 

situ (Eckert & Eckert 1990, Pintus et al. 2009). In fact, 
during nest relocation management in SPC, the 
greatest losses occur during the incubation and egg 
collection phase (Sosa-Cornejo et al. 2022); there-
fore, it is necessary to monitor and improve both 
phases as well as carry out a study on malformation 
rates of nests that remain in situ versus those brought 
to the hatchery. Furthermore, hatching success 
depends on multiple environmental (e.g. humidity, 
temperature, sand grain size) and individual vari-
ables (e.g. clutch, seasonality, maternal factors) that 
can influence hatching success (Ditmer & Stapleton 
2012, Perrault et al. 2012). The optimal range for 
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embryonic development in sea turtles is 25− 35°C 
(Ackerman 1997). However, Sandoval-Es pi no za (2012) 
reported that for some periods during the incubation 
in the hatchery of SPC, temperatures are outside this 
range (≤25 or ≥35°C), which may partially explain 
the low hatching success observed in the present 
study. Regarding high temperatures and dry condi-
tions, some management strategies have been pro-
posed, including the use of shade structures and 
water supplementation in the hatcheries (Fuentes et 
al. 2012, Jourdan & Fuentes 2015), measures that 
have been implemented at SPC since 2014. Low tem-

peratures occur late in the nesting season, and solv-
ing this problem is more challenging; however, few 
nests are impacted by low temperatures. Humidity 
during the incubation period is closely related to 
temperature and has been associated with the pres-
ence of anomalies in the carapace (e.g. supernumer-
ary scutes) (Zimm et al. 2017). 

Regarding congenital malformations in olive ridley 
relocated nests only, our NP (22.5%) was lower than 
the values shown in other studies (Bárcenas-Ibarra & 
Maldonado-Gasca 2009, Bárcenas-Ibarra et al. 2015). 
Similarly, EP in the present study (0.54%) was lower 
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Region                  Malformation                           Observed         Proportion           NP                  EP       NS (no. of malformed 

                                                                               frequency               (%)                 (%)                 (%)          organisms nest−1) 
 

Full body              Partial leucism                                56                     11.3                8.71               0.089                   1.10 

                             Total leucism                                 114                    23.1                17.7               0.181                   1.58 

                             Twins                                               11                     2.23                1.71               0.017                   1.22 

                             Anasarca                                          2                      0.40                0.31               0.003                   1.00 

                             Dwarfism                                        11                     2.23                1.71               0.017                   1.00 

                             Gigantism                                        2                      0.40                0.31               0.003                   1.00 

Carapace              Supernumerary scutes                    3                      0.61                0.47               0.005                   1.00 

                             Subnumerary scutes                       8                      1.62                1.24               0.013                   1.60 

                             Deformed scutes                             9                      1.82                1.40               0.014                   1.29 

                             Scoliosis                                          41                     8.30                6.38               0.065                   1.95 

                             Kyphosis                                         37                     7.49                5.75               0.059                   1.76 

                             Osteo-agenesis                                5                      1.01                0.78               0.008                   1.00 

                             Misshapen bones                            7                      1.42                1.09               0.011                   1.17 

                             Plastron metaplasia                         6                      1.21                0.93               0.010                   1.20 

Limbs                    Micromelia                                      3                      0.61                0.47               0.005                   1.00 

                             Amelia                                              4                      0.81                0.62               0.006                   1.00 

                             Brachydactyly                                  2                      0.40                0.31               0.003                   1.00 

Tail                        Anury                                               2                      0.40                0.31               0.003                   1.00 

Craniofacial 
 Skull                   Anencephaly                                   4                      0.81                0.62               0.006                   1.33 

                             Exencephaly                                   11                     2.23                1.71               0.017                   1.38 

                             Encephalocele                                11                     2.23                1.71               0.017                   1.83 

                             Acephaly                                          6                      1.21                0.93               0.010                   1.20 

                             Microcephaly                                  3                      0.61                0.47               0.005                   1.00 

 Eyes                    Anophthalmia                                 14                     2.83                2.18               0.022                   1.27 

                             Cyclopia                                           3                      0.61                0.47               0.005                   1.00 

                             Sinophthalmia                                11                     2.23                1.71               0.017                   1.57 

                             Macrophthalmia                              7                      1.42                1.09               0.011                   1.00 

                             Microphthalmia                               9                      1.82                1.40               0.014                   2.25 

                             Eyelid dysplasia                             12                     2.43                1.87               0.019                   1.71 

 Jaws                    Agnathia                                          4                      0.81                0.62               0.006                   1.33 

                             Prognathia                                       9                      1.82                1.40               0.014                   1.13 

                             Laterognathia                                  9                      1.82                1.40               0.014                   1.13 

                             Brachygnathia                                29                     5.87                4.51               0.046                   1.45 

 Nostrils               Arhinia                                            25                     5.06                3.89               0.040                   1.39 

                             Rhinoschisis                                     4                      0.81                0.62               0.006                   1.00 

Total                      35                                                    494

Table 1. Distribution, abundance, and prevalence and severity indices of malformations in olive ridley sea turtle Lepidochelys 

olivacea embryos and hatchlings from Santuario Playa Ceuta during the 2017 nesting season. NP: nest prevalence; EP: egg  
prevalence; NS: nest severity
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than reported in other olive ridley studies (>1%) 
(Bárcenas-Ibarra & Maldonado-Gasca 2009, Bárce-
nas-Ibarra et al. 2015), except for olive ridleys in 
Guatemala that have a reported EP of 0.5% (Gularte 
2000). When discussing EP, it is important to consider 
the risk of misidentification of EWED. In our study, 
we identified a considerable number of EWED (n = 
24 737); however, their development might have 
been arrested in early stages when the embryo was 
not visible to the naked eye. The risk of misidentifi-
cation of non-evident embryonic development with 
the possible presence of malformations can influence 
the results of the malformation prevalence index 
(Galván 1991). Thus, it is important to compare 
embryonic development in turtles from the hatchery 
to in situ nests, since relocation could be a cause of 
early embryonic death. The NS value (2.4 malformed 
embryos or hatchlings nest−1) in the present study 
was similar to that previously reported for olive rid-
leys (Bárcenas-Ibarra et al. 2015). Compared to 
hawksbill and green turtles, olive ridleys have a 
higher prevalence of malformations; however, in 
both species, the nests have remained in situ (Bárce-
nas-Ibarra et al. 2015). The incidence of malforma-
tions reported among different species of sea turtles 
may be due to dissimilar distributions and ecological 
niches in addition to potential resilience to malforma-
tions (Martín-del-Campo et al. 2021). Furthermore, 
sampling design and calculation of malformation 
rates must be standardized across studies for accu-
rate comparisons globally. 

The craniofacial region presented 37.6% of all mal-
formations and was the anatomical region with the 
greatest diversity of malformation types (17/35), sim-
ilar to other Mexican populations of olive ridleys 
(Bárcenas-Ibarra et al. 2015). However, the most 
prevalent malformation was leucism (both partial 
and total; 34.4%), which was regularly accompanied 
by other craniofacial malformations (Hewavisenthi 
1990, Galván 1991, Bárcenas-Ibarra & Maldonado-
Gasca 2009, Craven et al. 2019). Formation of the 
neural crest leads to proper development of facial 
structures and pigment cells, so failure of the neural 
crest during early development could lead to the 
presence of both malformations (Lapedriza et al. 
2014). However, craniofacial structures are formed in 
early development whereas pigmentation is formed 
at the end of embryonic development, so it is possible 
that embryos that present severe craniofacial malfor-
mations do not reach term and regularly present leu-
cism (Miller 1985). If leucism is not accompanied by 
other malformations, these individuals can survive to 
adulthood and even remain reproductively active, 

although this is rare (Restrepo & Valverde 2019). To 
date, no known leucistic females have been observed 
laying eggs in SPC, but hatchlings showing leucism 
have hatched and been released at this beach (H. 
Contreras-Aguilar unpubl. data). 

Setting aside extreme environmental variations in 
SPC, we do not rule out that the incidence of malfor-
mations found in this study may be directly related to 
nest management, so in situ nesting studies are nec-
essary. However, if nest manipulation is ruled out 
as  the main problem, genetic issues and environ-
mental contaminants could be considered as poten-
tial causes. Multiple cases of lack of pigmentation 
(albi nism) have been reported in loggerhead and 
green turtles, the potential cause of which is inbreed-
ing and genetics (Marcovaldi et al. 1995, Perrault & 
Coppenrath 2019, Madeira et al. 2020, Perrault et al. 
2022). Environmental contaminants have also not 
been ruled out as a potential teratogenic cause, since 
metals and non-metals (e.g. arsenic, cadmium, nickel, 
selenium, and zinc) have been reported in tissues of 
olive ridleys foraging north of Sinaloa (Zavala-
Norzagaray et al. 2014, Olimón-Andalón et al. 2021), 
and mercury and organochlorine pesticides (endo-
sulfan, heptachlor, and dichlo rodi phenyl di chlo ro -
ethylene) have been found in tissues from embryos 
with multiple congenital malformations (25%), among 
which included leucism (Martín-del-Campo et al. 
2019b,c). In this sense, genes involved in early em -
bryonic development (e.g. Pax6) in olive ridley tur-
tles could be environmentally regulated in response 
to environmental toxins and hypoxia (Martín-del-
Campo et al. 2018), and methylation patterns of 
the  Hoxb9 gene may be related to the embryonic 
development of olive ridleys (Martín-del-Campo & 
García-Gasca 2021). This is relevant since this type 
of epigenetic mechanism can be influenced by envi-
ronmental factors (Dolinoy et al. 2007). 

5.  CONCLUSIONS 

For the olive ridley population of SPC, the most 
prevalent congenital malformation was leucism, in 
addition to the presence of multiple malformations in 
the craniofacial region likely related to alterations 
occurring during early embryonic development. Due 
to the geographical position of SPC, at the northern 
edge of the olive ridley nesting area in the Mexican 
Pacific, the extreme environmental conditions (e.g. 
cold, heat, and dryness) sometimes experienced by 
the turtles in this region could be one of the main 
 teratogenic agents for the observed abnormalities. 
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However, genetic influences and the presence of 
contaminants have not been ruled out as potential 
factors and could act in a synergistic manner given 
the multifactorial origin of congenital malformations. 
Therefore, it is necessary to conduct a study of mal-
formation rates of olive ridley nests that remain in 

situ versus those that have been relocated. Doing so 
is important, as it could guide nest relocation efforts 
in a way that will hopefully reduce the number and 
severity of malformations in this area, thereby 
enhancing restoration efforts. 
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