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In general, protection activities during nest manage-
ment can be divided into 5 phases: nest logging (F1), 
egg collection (F2), egg transfer (F3), egg incuba-
tion and hatching (F4), and hatchling release (F5). 
This work was carried out on two Pacific beaches in 
northwestern Mexico, Ceuta Beach Sanctuary (CBS) 
during 2013–2019 and Caimanero Beach (CB) dur-
ing the 2013–2018 nesting seasons, with the objective 
of quantitatively evaluating the management phases 
of the protection program for olive ridley turtles by 

Abstract The olive ridley turtle, Lepidochelys 
olivacea, is a vulnerable and endangered species 
according to the IUCN and Mexican Official Stand-
ard NOM-059, respectively. On most solitary nesting 
beaches of olive ridley turtles, the eggs are removed 
from the in situ nest to hatcheries due to the high inci-
dence of predation, human poaching, and beach ero-
sion; therefore, it is necessary to collect and analyze 
information on the protection activities conducted 
for this species from egg laying to hatchling release. 
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assessing the nest, egg, and hatchling losses in each 
of the phases using the model of Godínez-Domínguez 
et  al. (1991). The results of the statistical analyses 
indicate that the greatest losses occurred during the 
incubation phase (F4) at both beaches, with a 41.99% 
loss at CBS and a 33.09% loss at CB, followed by the 
F2 (with 15.56 and 27.27% losses, respectively) and 
F1 (21.28 and 25.56% losses, respectively) phases. 
Significant differences between the beaches were 
observed in F4, F5 and F3, with greater losses at CBS 
than at CB, indicating that the success of the manage-
ment phases may vary among beaches. The results 
obtained show that it is necessary to focus on strat-
egies for improving the success of mainly phase F4 
and phases F1 and F2 at both beaches.

Keywords Lepidochelys olivacea · Management 
phases · Conservation · Nesting · Ceuta Beach 
Sanctuary · Caimanero Beach

Introduction

The olive ridley turtle (Lepidochelys olivacea) is 
currently classified as a vulnerable and endangered 
species by the International Union for Conserva-
tion of Nature (IUCN) and Mexican Official Stand-
ard NOM-059, respectively, and its conservation 
is therefore of concern. One of the strategies for 
conserving sea turtles is the protection of nesting 
beaches where females arrive to lay their eggs dur-
ing their nesting phase; this strategy involves protect-
ing nesting females and nests in situ or relocating the 
nests to hatcheries and releasing hatchlings at sea 
(Bjorndal & Bolten, 2003; Ehrenfeld, 1995; Frazer, 
1984, 1992; Spotila et  al., 2000). Despite monitor-
ing at nesting beaches, information on the success of 
protection activities is limited (Bovery & Wyneken, 
2015; Richardson, 2000); accordingly, there is con-
troversy regarding some management actions at 
nesting sites. For example, there is no consensus on 
whether the relocation of nests to hatcheries or their 
protection in  situ is better; the former may be an 
unnecessary manipulation and may affect hatching 
success, alter sex ratios, and have other phenotypic 
effects (Bárcenas-Ibarra & Maldonado-Gasca, 2009; 
Bell et al., 2004; Romero-Olmedo, 2015; Ware et al., 
2019). The relocation of eggs from in  situ nests to 
hatcheries is a strategy used to conserve some turtle 

species (Rangel-Mendoza & Weber, 2015); it should 
be undertaken in cases where there is a high inci-
dence of predation, human poaching, beach erosion, 
or any dangerous circumstance leading to mortality 
that can approach 100% (Balladares & Dubois, 2015; 
Méndez-Rodríguez & Álvarez-Castañeda, 2016; 
Mortimer, 1999). Loss due to coyotes could reach 
81.4% on the southwestern coast of Baja California 
(Méndez-Rodríguez & Álvarez-Castañeda, 2016), 
indicating the importance of relocating the nests.

Ceuta Beach Sanctuary (CBS) and Caimanero 
Beach (CB) are solitary nesting beaches of olive rid-
ley turtles from Sinaloa, México; eggs at both beaches 
are relocated to hatcheries, as this management tech-
nique can be beneficial for their conservation, even 
considering the negative impacts it may cause. There-
fore, it is necessary to collect and analyze information 
on the protection activities conducted for this species 
from egg laying to hatchling release.

Protection programs must generate information 
that allows us to determine hatching success as a fun-
damental part of conservation actions (Mazaris et al., 
2017; Schoreder & Murphy, 2000; SEMARNAT, 
2018). Therefore, evaluations must be carried out by 
monitoring activities at the nesting sites where eggs 
are collected and relocated to hatcheries in order to 
determine critical phases in terms of nest, egg, and 
hatchling losses, which will allow us to propose solu-
tions to the causes of these losses and achieve an 
adequate cost–benefit ratio (Azanza-Ricardo et  al., 
2015). Therefore, the present work quantitatively 
assessed nest, egg, and hatchling losses using the 
model of Godínez-Domínguez et  al. (1991) in the 
different management phases of protection activities 
during olive ridley turtle nesting where eggs were 
relocated to hatcheries on two beaches in northwest-
ern Mexico—one with sanctuary protection status 
(from 2013 to 2019) and the other without such pro-
tection status under a legal framework (from 2013 to 
2018).

Materials and methods

Study area

CBS, Elota, Sinaloa, Mexico, is located between 
the mouth of the Cospita River to the north (107° 
11’ 00" west longitude and 24° 05’ 53.09" north 
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latitude) and the mouth of the Elota River to the 
south (106° 55’ 52.7" west longitude and 23° 52’ 
44.72" north latitude) (CONANP, 2018). CB is 
located in El Rosario,  Sinaloa, Mexico. This beach 
is bounded to the north by the mouth of the Pre-
sidio River (106° 17’ 21.7" west longitude and 23° 
05’ 29.95" north latitude) and to the south by the 
Baluarte River (106° 02’ 24.07" west longitude and 
22° 50’ 12.96" north latitude) (INAFED, 2018). 
The total length of each beach is approximately 
37  km. CBS was declared a reserve zone and ref-
uge for the protection, conservation, repopulation, 
development, and control of various species of 
sea turtles by presidential decree on October 29, 
1986 (DOF, 1986), and it was recategorized as a 
sanctuary for various species of nesting sea tur-
tles by a presidential agreement published on July 
16, 2002 (DOF, 2002). This beach is considered 
an important habitat for the refuge and nesting of 
flagship species such as shorebirds and sea turtles. 

Protection activities are carried out for CB but 
without protection status under a legal framework 
(Fig. 1).

Field data

To evaluate the management process involved in the 
protection of L. olivacea nests at CBS and CB, five 
management phases were considered: nest logging 
(F1), which was evaluated by two daily nightly tours 
involving university staff and field volunteers along 
the 37  km of each beach during the annual season 
(July to December); for CBS, data were considered 
from 2013 to 2019, and for CB, from 2013 to 2018, 
based on the methodology proposed by Schoreder 
and Murphy (2000). The data collected included the 
numbers of nests registered (collected, poached, and 
predated). Egg collection (F2) involved the careful 
extraction of eggs from nests. Egg transfer (F3) con-
sisted of transporting eggs either on foot or by vehicle 

Fig. 1  Location of the nesting beaches of Lepidochelys olivacea in northwestern Mexico where the phases of nest management were 
evaluated



 Environ Monit Assess         (2022) 194:130 

1 3

  130  Page 4 of 12

Vol:. (1234567890)

(quad bike) to biological stations located on each of 
the beaches for subsequent incubation in designated 
spaces provided for this management phase (hatcher-
ies). In the egg incubation and hatching (F4) phase, 
the eggs were immediately incubated upon arrival, 
and the nests were sequentially numbered to facili-
tate monitoring (Márquez, 1976). After the period 
of incubation (45 ± 3  days), the number of hatched 
eggs was counted. The hatchling release (F5) phase 
consisted of releasing surviving hatchlings into the 
sea after being held in safeguard for a period of time 
until environmental conditions were suitable for their 
release.

Analysis of losses in the management phases

Assessments of nest, egg, and hatchling losses in each 
management phase were carried out using the model of 
Godínez-Domínguez et al. (1991), which was derived 
from a life table representing the main characteris-
tics of the population under study (vulnerable stages 
and survival rates) by theoretical and quantitative 
approaches. This model is a basic tool used to develop 
control strategies (Herrera et al., 2017; Martella et al., 
2012; Southwood & Henderson, 2000).

The model is as follows:

where Lx represents losses and is represented by the 
transition from one phase to the next phase; Fx is the 
number of nests, eggs, or hatchlings in each phase of 
protection; and Nx is the number of successful cases, 
that is, the number of nests, eggs, or hatchlings that 
continue to the next phase.

The losses of nests, eggs, and hatchlings corre-
sponding to each phase were as follows: in F1, nests 
that were depredated, semipredated, poached, or 
eroded by the beach or tide; in F2, eggs that were bro-
ken during collection until before transfer; in F3, eggs 
that were broken during transfer until before incuba-
tion; in F4, incubated eggs that failed to hatch; and in 
F5, hatchlings that hatched but did not survive until 
their release to the sea.

The data obtained (losses of nests, eggs or hatch-
lings) in the different management phases (F1-F5) 
were expressed as percentages and normalized by arc-
sine transformation. This was performed by determin-
ing the angle at which the sine is the square root of 

Lx = Fx − Nx

the proportion (percentage/100) (Gabriel et al., 2017). 
Subsequently, 2-way analysis of variance (ANOVA) 
was applied with phases (considering all years) and 
years (considering all phases) as factors and the  
interaction between the two factors. The statistical 
analysis was performed with the programs SPSS 15.0 
and SigmaPlot 11.

Kruskal–Wallis ANOVA (Zar, 1984) was applied 
to determine whether there were differences between 
years with respect to the numbers of nests registered, 
nests collected, eggs collected, nests poached, nests 
predated, and hatchlings released per beach, and the 
Mann–Whitney U test was performed in SigmaPlot 
11 to compare the two beaches across the five man-
agement phases. All these comparisons met the sig-
nificance criterion of p < 0.05.

Results

Nesting monitoring analysis of L. olivacea turtles

At CBS, from 2013 to 2019, a mean of 681 ± 174 nests 
per year was recorded, of which a mean of 576 ± 163 
nests per year was collected (between 78 and 93% 
of registered nests), 60 ± 55 nests were predated 
(between 1 and 20% of registered nests), and 32 ± 27 
nests (1 to 15% of registered nests) were poached. 
A mean of 51,507 ± 13,466 eggs were incubated, of 
which a mean of 31,801 ± 6,750 (between 56 and 68% 
of incubated eggs) gave rise to hatchlings released 
into the sea per year (Table 1). No significant differ-
ences were observed in the number of registered nests 
(H = 1.58, degrees of freedom (df) = 6, p = 0.954), 
collected nests (H = 2.861, df = 6, p = 0.826), predated 
nests (H = 7.357, df = 6, p = 0.288), poached nests 
(H = 5.488, df = 6, p = 0.483), eggs (H = 2.769, df = 6, 
p = 0.873), or released hatchlings (H = 1.880, df = 6, 
p = 0.930) over the years.

At CB, from 2013 to 2018, a mean of 2,278 ± 714 
nests per year was recorded, of which a mean of 
1,848 ± 690 nests per year were collected (between 
70 and 94% of registered nests), 184 ± 105 nests 
were predated (between 3 and 19% of registered 
nests), and 247 ± 125 nests were poached (between 
3 and 19% of registered nests). The mean num-
ber of incubated eggs was 198,117 ± 110,681, of 
which a mean of 137,892 ± 61,763 were hatchlings  
released into the sea per year (57 and 83% of incu- 
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bated eggs) (Table  1). There were no significant 
differences from year to year in the number of reg-
istered nests (H = 2.044, df = 5, p = 0.843), col-
lected nests (H = 2.464, df = 5, p = 0.782), predated 
nests (H = 8.583, df = 5, p = 0.127), poached nests 
(H = 7.846, df = 5, p = 0.165), eggs (H = 7.464, df = 5, 
p = 0.188), or released hatchlings (H = 8.258, df = 5, 
p = 0.143).

Evaluation of losses in L. olivacea nest management 
phases and over the years at CBS and BC

The annual losses recorded at CBS (Fig.  2) were 
between 13.25 and 32.21% (0.345 and 0.600 

arcsine) during F1, between 6.89 and 22.40% 
(0.251 and 0.462 arcsine) during F2, between 0.18 
and 14.87% (0.027 and 0.319 arcsine) during F3, 
between 32.16 and 52.40% (0.596 and 0.819 arc-
sine) during F4, and between 1.09 and 21.66% 
(0.093 and 0.451 arcsine) during F5. According to 
the 2-way ANOVA results, there was no significant 
effect (F = 1.121, df = 24, p = 0.325) of the interac-
tion between phase and year at CBS when consider-
ing the data provided by the model. The comparison 
between management phases revealed a statistically 
significant difference (F = 39.408, df = 4, p = 0.001), 
with F4 exhibiting the highest mean loss of 41.99% 
(0.702 ± 0.253 arcsine), followed by F1 and F2, with 
a mean loss of 21.27% (0.445 ± 0.214 arcsine) and 

Table 1  Monitoring of 
olive ridley sea turtle 
nesting at Ceuta Beach 
Sanctuary (2013–2019) and 
Caimanero Beach (2013–
2018), Sinaloa, Mexico

SD standard deviation

Ceuta Beach Sanctuary 
(Mean ± SD)

Caimanero Beach (Mean ± SD)

Registered nests 680.6 ± 174.4 2278.2 ± 713.9
Collected nests 576.3 ± 163.2 1847.6 ± 690.2
Predated nests 60.4 ± 54.6 183.8 ± 105.3
Poached nests 31.6 ± 27.3 246.6 ± 124.7
Hatching eggs 51,507.4 ± 13,466.4 198,116.5 ± 110,681.4
Hatchlings released 31,801 ± 6750.0 137,891.5 ± 61,762.8

Fig. 2  Losses of eggs and hatchlings (arcsine transformed) of 
olive ridley sea turtles during the phases of nest management 
at Ceuta Beach Sanctuary during 2013–2019. F1 = nest log-

ging, F2 = egg collection, F3 = egg transfer, F4 = egg incuba-
tion and hatching, and F5 = hatchling release
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15.56% (0.367 ± 0.198 arcsine), respectively. These 
loss rates were significantly higher than those of the 
other phases (F4, F3, and F5) but not significantly 
different from each other. Moreover, although the 
2014 season had the lowest mean loss of 12.34% 
(0.311 ± 0.211 arcsine) and the 2017 season had the 
highest mean loss of 23.17% (0.457 ± 0.329 arcsine),  
no significant differences were observed in the com- 
parison of losses by year at CBS (F = 1.221, df = 6, 
p = 0.298).

At CB, the annual losses recorded (Fig. 3) were 
between 9.47 and 49.24% (0.221 and 0.709 arcsine) 
during F1, between 13.61 and 44.02% (0.326 and 
0.737 arcsine) during F2, between 0.05 and 20.00% 
(0.019 and 0.267 arcsine) during F3, between 16.41 
and 50.35% (0.416 and 0.961 arcsine) during F4, 
and between 0.81 and 22.18% (0.088 and 0.354 arc-
sine) during F5. According to the 2-way ANOVA 
results, the interaction between phase and year 
at CB did not have a significant effect (F = 0.520, 
df = 20, p = 0.952). The comparison between man-
agement phases revealed a statistically signifi-
cant difference (F = 8.675, df = 4, p = 0.001), with 

F4 exhibiting the highest mean loss of 33.09% 
(0.625 ± 0.369 arcsine), F1 exhibiting a mean loss 
of 25.56% (0.500 ± 0.381 arcsine), and F2 exhibit-
ing a mean loss of 27.27% (0.509 ± 0.432 arcsine), 
all of which were significantly higher than the loss 
rates of the other management phases. On the other 
hand, at CB, 2014 showed the highest mean loss of 
33.65% (0.567 ± 0.643 arcsine), and there were sig-
nificant differences in the comparison of losses by 
year (F = 2.348, df = 5, p = 0.047).

Comparisons between CBS and CB of the 
percentages of nests, eggs,and hatchling losses 
in the five management phases considering the 
studied nesting seasons were performed, and 
significant differences in F3, F4, and F5 were 
observed (p < 0.05) (Table  2). Regarding F4, 
there was greater loss at CBS than at CB, with a 
mean of 41.99% (0.702 ± 0.253 arcsine) at CBS 
and 33.09% (0.625 ± 0.369 arcsine) at CB. The 
same trend occurred for F3, where there was 
greater loss at CBS than at CB, with a mean of 
5.26% (0.168 ± 0.172 arcsine) at CBS and 4.57% 
(0.102 ± 0.321 arcsine) at CB, and for F5, with a 

Fig. 3  Losses of eggs and hatchlings (arcsine transformed) of 
olive ridley sea turtles during the phases of nest management 
at Caimanero Beach during 2013–2018. F1 = nest logging, 

F2 = egg collection, F3 = egg transfer, F4 = egg incubation and 
hatching, and F5 = hatchling release
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mean of 7.43% (0.232 ± 0.243 arcsine) at CBS and 
5.68% (0.165 ± 0.312 arcsine) at CB.

Discussion

Evaluation of management phases for L. olivacea 
where laid eggs are transferred to hatcheries is of 
great importance for the collection and analysis of 
information from egg laying to hatchling release. 
In this study, CB showed more than three times the 
mean annual values of registered and collected nests, 
incubated eggs, and hatchlings released than CBS; 
on average, 1848 and 576 nests were collected, and 
198,116 and 51,507 hatchlings were released annu-
ally over the study period at CBS and CB, respec-
tively. No significant differences in the numbers 
of registered nests, collected nests, predated nests, 
poached nests, hatching eggs, or released hatchlings 
were observed over the years at either beach.

Nest, egg, and hatchling losses during the five 
phases of L. olivacea nest management at CBS and 
CB were monitored over 7 and 6 years, respectively. 
The greatest losses were recorded in F4, followed by 
F1 and F2, which indicates that more attention should 
be given to these phases to avoid further losses.

At CBS, the comparison of the losses between 
management phases showed that F4 had the highest 
loss statistically, with a mean of 41.99% (Fig. 2), fol-
lowed by F1 and F2, with a mean loss of 21.28 and 
15.56%, respectively, which were significantly higher 
than the losses at the other phases but not signifi-
cantly different from each other (F1 and F2). In the 
comparison of management phases at CB (Fig.  3), 
the greatest losses were observed in F4, F2, and F1, 

with means of 33.09, 27.27, and 25.56%, respectively 
(p < 0.05). Furthermore, at CB, when comparing the 
losses per year, a significant difference was observed 
in 2014, with the highest mean of 33.65%, while no 
significant difference was observed at CBS. Addition-
ally, a comparison of losses between the two beaches 
in each management phase revealed a greater loss at 
CBS during F4, F3, and F5 (p < 0.05, Table 2).

Losses in F4 could be due to climatic condi-
tions (humidity and temperature), direct and indirect 
anthropogenic disturbances, climatic factors (storms, 
floods, and erosion), microbiological contamination of 
hatching eggs, and hatchling management (Ackerman,  
1997; Arzola-González, 2007; Eckert & Eckert, 1990; 
Rondon-Medicci et  al., 2010; Sundaram et al., 2019; 
Velásquez et  al., 2014). At CBS and CB, the main 
cause could be the high temperatures that occur dur-
ing incubation, as temperatures close to or above the 
threshold temperature (> 34  °C) for embryonic mor-
tality were recorded (Sandoval, 2012). To reduce the 
impact of high temperatures during incubation of the 
relocated nests, the use of shade structures on the 
hatcheries of both beaches was implemented. The use 
of mesh for shade is a strategy that has been applied to 
reduce solar radiation exposure and, at the same time, 
protect hatchlings from the sun if they emerge during 
the day; without this protective measure, these hatch-
lings would die within a few hours (Arzola-Gonzalez 
et al., 2019; Vázquez-Sauceda et al., 2008). Although 
one type of mesh has been used for shade at CB since 
2015 and an apparent decrease in losses was observed 
from that year onward (Fig. 3), statistical tests of the 
% shade, color, and shading height of different mesh 
sizes are necessary to determine which mesh is the 
most suitable for these beaches. The greater loss in F4 

Table 2  Comparisons of the percentages of egg and hatchling losses of olive ridley sea turtles between Ceuta Beach Sanctuary 
(CBS) and Caimanero Beach (CB) in Sinaloa, Mexico, during the phases of nest management (2013–2019)

(Mean ± SD). *statistically significant value. MP management phase, F1 nest logging, F2 egg collection, F3 egg transfer, F4 egg 
incubation and hatching, and F5 hatchling release

Beach

MP CBS CB p value
% (arcsine) % (arcsine)

F1 21.28 (0.446 ± 0.215) 25.56 (0.501 ± 0.381) Mann–Whitney U = 471, T = 771, p = 0.875
F2 15.56 (0.367 ± 0.198) 27.27 (0.509 ± 0.432) Mann–Whitney U = 396, T = 846, p = 0.235
F3* 5.26 (0.168 ± 0.172) 4.57 (0.102 ± 0.321) Mann–Whitney U = 250.5, T = 526.5, p = 0.001
F4* 41.99 (0.702 ± 0.253) 33.09 (0.625 ± 0.369) Mann–Whitney U = 297, T = 573, p = 0.011
F5* 7.43 (0.232 ± 0.243) 5.68 (0.165 ± 0.312) Mann–Whitney U = 263.5, T = 539.5, p = 0.003
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observed at CBS compared to CB could be due to the 
use of suboptimal mesh for shade at CBS. It is also 
likely that more time elapses from egg collection to 
incubation at CBS, as there are fewer staff than at CB 
(4 vs. 10 to 15 staff, respectively), as losses may occur 
and effects may be evident until F4 (Enciso-Padilla, 
1991).

Losses in F1 at both beaches are mainly related to 
predation and human poaching (Balladares & Dubois, 
2015; Hinestroza & Páez, 2001) but also to beach ero-
sion. If the effort during monitoring is reduced on some 
nightly tours along each beach (37  km long each), 
because of difficulties in accessing the area, a lack of 
permanent staff, a lack of monitoring support infra-
structure or limited availability of additional resources 
(such as fuel and food) required for fieldwork, this 
could encourage nest poaching and predation on both 
beaches, which could have long-term consequences for 
sea turtle populations (Leighton et  al., 2011; Tomillo 
et  al., 2008). There are records from previous years 
to the present study at both beaches that losses of up 
to 90% of nests to predation and human poaching can 
occur when the nests are left in  situ, and relocating 
nests to hatcheries has reduced these losses (da Silva 
et  al., 2007). Therefore, it is important to increase 
monitoring efforts during F1 to increase the success 
of protection activities (Garcıía et  al., 2003). At CB, 
there was a higher density of nests and greater prox-
imity to coastal communities, which facilitated nest 
poaching by community residents (increased from 3 to 
18.6% during the study period). Perhaps an alternative 
to reduce these losses could be to implement environ-
mental education strategies in the surrounding coastal 
human communities, mainly at CB, so that hatcheries 
could be established and attended by the communities, 
thus avoiding nest losses (F1) and egg collection (F2) 
at CB (Fig. 3, Table 1). With participatory community 
action, nest predation is likely to decrease, and in turn, 
nest collection and good hatchery management are 
likely to increase.

Losses in F2 could be mainly due to humans, as 
insufficient training of personnel in egg collection 
may cause the loss of some eggs, in addition to their 
fragility. Although there are more personnel at CB 
than at CBS, only one person is a trained techni-
cal manager, and the other people who participate 
in the collection belong to neighboring commu- 
nities, have temporary jobs, and are dependent on 
private companies that donate resources to support 

the conservation of this species. Losses in F2 would 
be reduced if staff had substantial training in nest 
management, including the removal of eggs from 
natural nests, their transfer, and their subsequent 
incubation in hatcheries.

Although the per beach losses in F3 and F5 were 
low, in the comparison between the two beaches, 
the losses were greater at CBS (p < 0.05, Table 2). 
In F3, the increased loss at CBS could be due to 
the physical characteristics of the beach, which are 
very dynamic and include monthly variability in 
the profile, wave dynamics, and littoral transport 
(Sosa et  al., 2019). These physiographic variables 
of the beach give it a very irregular surface, and 
consequently, during the transport of the nests to 
the hatcheries on a motorized vehicle (quad bike), 
the vibration is intense, which could cause internal 
damage to the eggs (detachment of their poles) or 
the breakage of some of them (Hur & Lee, 2010). 
CB is less dynamic, and the egg transfer losses at 
CB were lower than those at CBS. Each beach has 
unique spatiotemporal dynamics with respect to 
some of its physical, chemical, and environmental 
properties that change in response to anthropogenic 
(habitat modification) and environmental pressures 
(Cabrera-Ramírez et  al. 2018; Mir-Gual, 2009). In 
addition, the period of nest transfer to the hatchery 
and the possible movement of eggs also decreased 
because there were more staff at CB than at CBS.

One possible explanation for the greater loss in 
F5 at CBS than at CB (Table 2) is that in 2017 and 
2018, predators (raccoons, opossums, and badgers) 
were able to tear into the mesh hatchery and access 
the incubation areas at CBS, increasing the mortal-
ity of hatchlings.

In the comparison of mean losses by year, CB 
showed the highest loss in 2014; this may have been 
due to trained staff being absent for periods during 
the season, leaving support staff in charge but not 
fully trained. In addition, two weather events (Hur-
ricanes Vance and Odile) may also have caused the 
increase in losses during the year. At CBS, no sig-
nificant differences were observed over the years.

Importantly, in the absence of protection pro-
grams in these areas, nest depredation and poach-
ing, killing of nesting females and embryo mortality 
would be very high, affecting the recovery of this 
chelonid (James & Melero, 2015; Mazaris et  al., 
2017), although da Silva et  al. (2007), Hart et  al. 
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(2018), and Muñoz and Arauz (2015) mention that 
the population of L. olivacea is recovering.

The present study determined the losses of nests, 
eggs, and hatchlings during different management 
phases at two solitary nesting beaches of olive rid-
ley turtles, with the objective of determining the dif-
ferences within and between the beaches, as well as 
the temporal variability, to suggest modifications to 
the techniques used. The use of a model to evaluate 
the management phases at CBS and CB allowed us 
to identify a problem of losses, mainly in F4 and in 
F1 and F2 for both beaches. The results obtained in 
the present work show that it is necessary to focus 
on strategies to reduce losses in these phases, such 
as increasing monitoring intensity efforts during 
the different phases or incubating some eggs in  situ 
and monitoring them intensively for a few months, 
as suggested by Revuelta et  al. (2013). However, 
where appropriate, long-term ecotourism activities 
could make these programs self-sustainable (Pegas 
& Stronza, 2010; Wilson & Tisdell, 2003) and hence 
obtain funding. It is also necessary to monitor the 
temperature of nests in hatcheries, optimize the % 
shade as well as the color and height of the mesh 
shade, and thus decrease mortality losses and increase 
the success of protection activities. Additionally, it is 
important that BC be given protection status under 
a legal framework and that financial support is pro-
vided for better training of staff and the acquisition of 
equipment and infrastructure required for field work 
(Sosa et al., 2021).

The model used in this study can be used by oth-
ers in the field of turtle research worldwide to identify 
which management phases to improve.
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