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Abstract
Costa Rica hosts two renowned olive ridley (Lepidochelys olivacea) arribada beaches: Nancite and Ostional. In addition, the 
country hosts a third nascent arribada beach in Corozalito. We documented the frequency of arribada events in Corozalito 
(9°50′55.40″ N; 85°22′ 47.67″ W) from 2008 to 2021 and the abundance of egg-laying females during 12 arribadas. Moreo-
ver, we report on tag recaptures at Corozalito that were initially deployed at other nesting beaches in Costa Rica. Finally, we 
estimated incubation temperature, and performed quadrat and nest excavations to estimate hatching rates. We registered 29 
arribadas at Corozalito since 2008, all between August and January. We estimated more than 150,000 olive ridleys nested 
during 12 arribadas from 2019 to 2021. Mean hatching success was 65% in quadrats and 59% for in situ marked nests. The 
mean incubation temperature was 32.3 °C. We found turtles tagged at other locations on the Pacific coast of Costa Rica nest-
ing at Corozalito, providing evidence of philopatric plasticity. We suggest nascent arribada rookeries form rapidly via recruit-
ment from regional turtle aggregations. Our findings show that hatching success is far higher at Corozalito than Ostional or 
Nancite. Continued monitoring of nesting dynamics at this site may shed light upon the mechanisms that rule how arribada 
beaches are born and evolve. Corozalito offers a unique opportunity to study and understand the arribada phenomenon and 
warrants official protection under official National Wildlife Refuge status.
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Introduction

The olive ridley (Lepidochelys olivacea, Eschscholtz, 
1829) is the most abundant sea turtle species in the 
world (Pritchard 1997). This species is currently listed as 

‘vulnerable’, with populations globally declining according 
to the International Union for the Conservation of Nature’s 
Red List of Threatened Species (Abreu-Grobois and Plotkin 
2008). Besides nesting in solitary fashion, the olive ridley is 
also known to nest synchronously en masse, a phenomenon 
termed “arribada”, for the Spanish word meaning arrival 
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(Hughes and Richard 1974). Arribadas are exclusive to the 
genus Lepidochelys (Pritchard 1997). Solitary nesting behav-
ior is shared with the other six sea turtle species in which 
the turtle emerges, nests individually, and returns to the sea 
(Bernardo and Plotkin 2007). However, the arribada is an 
unusual nesting behavior in which hundreds to thousands 
of female ridley turtles emerge synchronously at a specific 
beach to nest over a few days (Hughes and Richard 1974; 
Cornelius et al. 1991, 2007; Valverde et al. 1998; Bernardo 
and Plotkin 2007). To distinguish arribada nesting from a 
night of heavy solitary nesting at major arribada beaches, 
a threshold number of 100 turtles or more present on the 
beach simultaneously has been suggested to designate the 
onset of an arribada (Valverde and Gates 1999). However, 
the number of nesting turtles typically increases significantly 
over the night the arribada starts. In general, mass synchro-
nous nesting events occur once a month or intermittently 
throughout the year at established arribada rookeries (Val-
verde et al. 1998; Coria-Monter and Durán-Campos 2017; 
Bézy et al. 2020). The timing and duration of these events 
is highly variable and unpredictable, and generally depend 
on the number of nesting turtles.

Worldwide, arribadas occur on only a few nesting beaches 
in the eastern Pacific, the western Atlantic, and the northern 
Indian Ocean (Bernardo and Plotkin 2007). Mass synchro-
nous nesting of over 100,000 olive ridleys has been reported 
in the Pacific of Mexico (Ocana et al. 2012) and Costa Rica 
(Valverde et al. 1998, 2012; Fonseca et al. 2009), as well as 
in Orissa, on the east coast of India (Shanker et al. 2004). 
Two of the most important arribada beaches, in terms of 
the number of nesting females and relevance as focal points 
of research, are located in Costa Rica: Ostional and Nan-
cite, both of which were unknown to science until the 1970s 
(Hughes and Richard 1974; Cornelius et al. 1991; Valverde 
et al. 1998; Fonseca et al. 2009, 2022). Ostional hosts the 
largest arribadas in Costa Rica with up to 476,550 egg-
laying females estimated during a single mass synchronous 
nesting event (Valverde et al. 2012). Nancite formerly hosted 
large arribadas as well, with as many as 115,000 egg-laying 
females in a single mass synchronous nesting event (Val-
verde et al. 1998; Clusella Trullas and Paladino 2007; Fon-
seca et al. 2009). However, after experiencing a steep and 
continuous population decline over nearly 4 decades, arriba-
das currently are increasing at Nancite to consist of ~ 57,000 
individuals per arribada (Fonseca et al. 2022).

Mass synchronous nesting events confer arribada nesting 
populations several advantages. First, the large number of 
hatchlings emerging synchronously acts as a predator satia-
tion tactic (Eckrich and Owens 1995). The brief occurrence 
of prey at high densities reduces the probability of an indi-
vidual being eaten, regardless of the usually high number of 
predators present at arribada beaches. In addition, arribada 
nesters can find mates more easily, as males also gather near 

arribada beaches searching for mates. In fact, the Ostional 
olive ridley population exhibits the highest level of multiple 
paternity determined for any sea turtle population (Jensen 
et al. 2006). Finally, arribada ridleys can delay nesting until 
weather conditions are suitable and the nesting process has a 
low energetic cost during the inter-nesting period, as the tur-
tles remain near nesting sites (Bernardo and Plotkin 2007). 
Mass synchronous nesting, however, also has its disadvan-
tages. Nest destruction for instance, is common at arribada 
beaches due to the high density of clutches and egg-laying 
females (Bézy et al. 2014; Cornelius et al. 1991). Nesting 
turtles dig up each other’s nests, resulting in a high micro-
bial load, which may reduce hatching success (Fonseca et al. 
2009; Valverde et al. 2012). Furthermore, the competition 
for space at the nesting site, attacks by a higher number of 
predators, and a relatively long nesting season are other dis-
advantages presented at arribadas nesting beaches (Bernardo 
and Plotkin 2007).

Corozalito is the third arribada beach to be documented 
in Costa Rica. Small-scale arribadas have been witnessed 
in this small Pacific coast beach over the last two decades 
(Viejobueno et al. 2011). Although the initial occurrence of 
arribadas at the site was not properly recorded, according 
to the neighboring community´s traditional knowledge they 
seem to have begun in the early 2000s (Mejías-Balsalobre 
et al. 2019). Unfortunately, until recently monitoring of nest-
ing activity at this beach has focused on solitary nesting 
activity and not the arribada phenomenon, due in part to 
the site’s isolation and difficult access, as well as the unpre-
dictability of arribada events and the additional resources 
required to monitor the event. However, we predict that the 
number and frequency of arribadas will increase in the next 
years, and that the hatching success will decrease as in other 
established arribada nesting beaches. Hence, the objectives 
of our study were to (1) report and assess the numbers of 
arribadas occurring at Corozalito since 2008, (2) estimate 
the number of egg-laying females using the strip transect 
in time method for the 2019, 2020, and 2021 arribadas, (3) 
assess hatching success and emergence rates via nest quad-
rat excavations, (4) estimate the incubation temperature in 
marked nests, and (5) record sand temperature and rainfall 
during the dry and rainy seasons.

Methods

Corozalito (9°50′55.40′′ N; 85°22′ 47.67′′ W) is a small 
beach approximately 768 m long, located on the southern 
Nicoya Peninsula, Pacific coast of Costa Rica (Viejobueno 
et al. 2011) (Fig. 1). Rocky outcrops border both ends of the 
beach, with an estuary on the southern end that floods during 
the rainy season. The typical rainy and dry season patterns 
(July to December and December to June, respectively) of 
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Costa Rica’s north Pacific are present in Corozalito, (Ber-
nardo and Plotkin 2007; Dornfeld et al. 2015), with the 
largest number of olive ridley nesting events taking place 
between June and December (Binhammer et al. 2019). The 
site is uninhabited, with the 162-resident village of Corozal-
ito located approximately 2.5 km inland (Picón-Cruz et al. 
2014).

Arribada estimation

We conducted this study using olive ridley nesting data 
compiled during arribadas at Corozalito by the Sea Turtle 
Restoration Program (PRETOMA for its Spanish acronym) 
from 2008 to 2013 and by the Rescue Center for Endan-
gered Marine Species (CREMA for its Spanish acronym) 
from 2014 to 2021. We recorded the total number of arriba-
das that occurred during this period as well as the duration 
(d) of each arribada event. Unfortunately, we were unable 
to provide an estimate of the size of arribadas up to 2018 
because we had not yet implemented standardized protocols 
to census arribadas. In addition, during the 2020 nesting 
season, it was not possible to monitor the first night of the 
September, October and December arribadas due to lock-
downs and restrictions resulting from the COVID-19 global 
health crisis. Thus, the number of egg-laying females during 
these arribadas is underestimated.

We used the strip transect in time method (Gates et al. 
1996; Valverde and Gates 1999) to estimate the number of 
egg-laying females during arribada nesting events at Coro-
zalito from June 2019 to December 2021. We modified the 
original arribada protocol by adjusting the length of the 
beach to 768 m and changing the definition of the formal 

initiation of the arribada from 100 nesting turtles simultane-
ously to 50, after which transect censuses begun. To conduct 
our study, we divided the beach into 30 sectors, each 25 m 
in width, using pole markers placed along the vegetation 
line and numbered in ascending order from North to South. 
We setup 2-m wide transects extending from the vegeta-
tion line to the high tide line at each sector post and left 
them for the duration of each arribada (Valverde and Gates 
1999). We counted only egg-laying females that were inside 
the transects every 2 h throughout each arribada. We used 
the Arribada Portal website (Valverde 2013) to analyze the 
number of egg-laying female counts in each arribada and 
calculated the 95% confidence interval (CI95%) (Valverde 
et al. 2012).

In addition, we conducted nightly patrols from July to 
January to document the presence of turtles with tags (tag 
recaptures). For each recapture, we recorded the date, tag 
number, and nesting turtle’s behavior (arribada/solitary) 
(Tripathy and Pandav 2008). Subsequently, we tallied the 
number of recaptured turtles per year and location, and the 
distance from their tagging sites to Corozalito, if our teams 
did not originally tag them.

Nest quadrat excavations

We conducted quadrat nest excavations to estimate hatch-
ing success and emergence rates of nests laid during the 
October, November, and December arribadas of 2019, and 
for the arribada of December 2020. Our objective was to 
report on hatchling production of this new rookery. We exca-
vated the nests 50–60 days after each arribada event. Nests 
were selected for excavations by placing 50 random 1 m2 
PVC quadrats along the same transects that had been used 
to count nesting turtles, and each quadrat was excavated to 
a depth of 60 cm (Bézy et al. 2016). Since nest density was 
high at times, clutches tended to overlap. For this reason, 
we counted all eggs from all clutches of the correspond-
ing arribada found in the quadrats as if they belonged to a 
single clutch. Clutches from other arribadas were ignored 
by distinguishing the condition of egg shells, as described 
by Bézy et al. (2016). Throughout 2020, we only excavated 
nests laid during the December arribada due to the COVID-
19 logistical issues mentioned above.

Data from each quadrat excavation included: number of 
empty shells, hatchlings found inside each quadrat (either 
dead or alive), and unhatched eggs (with or without embry-
onic development) (Valverde et al. 2012). We then classified 
unhatched eggs into six different stages: stage 0 (no embry-
onic development), stage 1 (embryo size covered 1–25% of 
the egg), stage 2 (26–50%), stage 3 (51–75%), stage 4 
(76–100%) and stage 5 (broken egg shells) (Valverde et al. 
2010). The hatching success for each quadrat was defined as 
the number of broken eggshells/total number of eggs in the 

Fig. 1   a Geographic location of Costa Rica in Central America. b 
Corozalito in the southern Nicoya Peninsula. Circles show the num-
ber olive ridleys tagged at other locations in Costa Rica that we 
detected at Corozalito
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quadrat × 100 (Valverde et  al. 2010; Bézy et  al. 2016), 
whereas the emergence rate was defined as the number of 
turtles that emerged from the quadrat/total number of eggs 
in the quadrat × 100. We conceived the Index of Develop-
ment (IoD) as a way to assess and characterize the quality of 
the incubation microenvironment. The objective was to have 
an idea of the developmental stage at which the embryos 
perished, if at all. We calculated the IoD using the nest exca-
vat ion  values  for  each quadra t  as  fo l lows: 
IoD =

∑

s=1−6

�

S∗n
i

n.

�

 , where S = is the stage category (1–6); 
ni = number of embryos per stage, and n. = total number of 
eggs. The IoD value ranges from 1 to 6, 1 being the lowest 
value and thus represents the poorest incubation conditions, 
and 6 is the maximum possible value, conducive to proper 
embryonic development and hatching.

We evaluated monthly differences in hatching success, 
emergence rate and IoD by means of an analysis of variance 
(one-way ANOVA) and a post-hoc test to determine which 
month or months were significantly different for each vari-
able (α = 0.05).

Nest, sand temperature and rainfall

We marked 18 nests with Onset HOBO pendant temperature 
loggers (Onset Computer, UA-001-08, accuracy: ± 0.53 °C, 
resolution: 0.1 °C) during the arribadas of September 2021 
and November 2021. We selected nests randomly during the 
arribadas by choosing females that were laying eggs in the 
arribada nesting area (Valverde et al. 2010). We counted the 
eggs directly using a red light as they dropped in the nest, 
and we inserted the data logger into the center of each nest 
after approximately 50 eggs were laid without disturbing 
the nesting process (Bézy et al. 2014). To protect the nest 
from other nesters, predators, or egg extraction, we covered 
each nest with a 40 × 40 × 25 cm wire mesh cage (Valverde 
et al. 2010, 2012) and we buried it entirely below the sur-
face of the sand. On day 40, we removed the wire mesh 
cages, and we monitored each nest daily for signs of hatch-
ling emergence (Bézy et al. 2014). Finally, nests were exca-
vated 2 days after the last hatchling emergence (Valverde 
et al. 2012). Upon excavations, we retrieved data loggers 
and recorded the developmental stage for all nests (Valverde 
et al. 2010).

We counted all broken shells and undeveloped eggs in 
the marked nests and classified them as explained above. 
We calculated hatching rate for each nest as the following: 
(number of hatchlings in nest)/(total number of eggs) × 100. 
In addition, we made general observations of the nests (Val-
verde et al. 2012). Hatching success differences between 
September and November arribadas in 2021 were evaluated 
with a t test; the significance level was set at α = 0.05. We 
used STATISTICA®v7 for all statistical analysis.

We recorded sand temperature (°C) hourly from July 
2019 to January 2020, and from September to December 
in 2021. We measured sand temperature in 2019 using a 
single data logger, whereas in 2021 an additional data logger 
was used to measure air temperature. We buried sand tem-
perature loggers in the middle of the beach and close to the 
vegetation line, at 40 cm of depth. We placed air data log-
ger in the shade on a palm tree at a height of approximately 
1.50 m. All data loggers were programmed to collect tem-
perature data every 2 h. Data logger recording consistency 
and accuracy was ensured by placing sensors in a bag simul-
taneously and keeping them in a shaded room to record air 
temperature for a period of 38 h (recordings included 2-night 
periods) (Valverde et al. 2010). We downloaded temperature 
data and converted it to spreadsheets using HOBOware Pro 
3.2.0 (Valverde et al. 2010). Rainfall (mm) was recorded 
with a rain gauge twice a day in 2019 and 2021, at 0700 h 
and 1900 h. We then calculated monthly and seasonal (rainy 
and dry seasons) average temperature and precipitation (Val-
verde et al. 2010).

Results

Arribada estimates

Twenty-nine arribada events were recorded at Corozal-
ito during the study period (2008 to 2021), all of which 
occurred from August to January. No mass synchronous 
nesting events were recorded in 2008, 2009, 2010 and 2015, 
although we did record the occurrence of nesting activity 
during those years with over 50 nesting turtles but not simul-
taneously. A single arribada per year occurred in 2011, 2012 
and 2013, with durations from 1 to 3 nights. Three arribadas 
occurred in a single year for the first time in 2014, one with a 
duration of 4 nights. One of the four arribadas that occurred 
in 2017 had a duration of five nights. Five arribadas occurred 
in 2018, and for the first time two arribadas occurred in a 
single month, twice (in September and December). In 2019, 
one arribada occurred per month from August to December 
and in 2020, four arribadas occurred and for the third time 
two arribadas occurred in a single month (October). Finally, 
in 2021, we recorded three arribadas and for second time one 
of the arribadas lasted 5 days (Fig. 2).

We estimated that 150,150 egg-laying females partici-
pated during the 12 arribadas that occurred at Corozalito 
during the 2019, 2020, and 2021 nesting seasons, respec-
tively. The largest mass synchronous nesting event we 
recorded thus far occurred in October 2021, with an esti-
mated 21,653 ± 3327 (estimate ± CI95%) egg-laying females. 
In contrast, the smallest arribada occurred in December of 
2019, with an estimated 2,139 ± 807 egg-laying females 
(Fig. 3). The average interval between arribada events from 



Marine Biology          (2022) 169:59 	

1 3

Page 5 of 12     59 

2011 to 2021 was 28.1 ± 1.0 days (range 16–70 days; median 
25.0), and the mean time span or duration of the arribadas 
was 2.82 ± 1.1 nights.

We recaptured (tag recovery) 460 turtles that had been 
tagged previously at Corozalito and 87 turtles that had been 
tagged at 8 different locations along the Pacific coast of 
Costa Rica, ranging in distance from 8 km (Camaronal) to 
222 km (Osa Peninsula) (Fig. 1b). A slight majority of the 
recaptured turtles were found nesting solitarily, whereas the 
remaining ones were nesting during arribada nesting events 
(51.1%, n = 235 and 48.9%, n = 225 respectively). Among 
the turtles tagged at other locations, Montezuma and Cama-
ronal contributed the greatest number of recaptures (40.2%, 
n = 35 and 39.1%, n = 34, respectively). Twenty-six of these 
turtles (29.9%) were recorded during solitary nesting activity 
and 61 (70.1%) during arribada nesting activity in Corozal-
ito. Most of the recaptures occurred in 2018 (24.1%, n = 21) 
and 2016 (22.9%, n = 20), whereas no recaptures occurred 
in 2008, 2010, nor 2012 (Table 1). We did not detect tags 
from other countries at Corozalito. In addition, 47 turtles 
tagged by various CREMA projects around the Nicoya 

Peninsula have been found nesting at Ostional beach since 
2012. Tag searching effort was not uniform throughout the 
study period.

Quadrat hatching success, emergence rates, and IoD

Mean hatching success of quadrat nests for the Octo-
ber, November, and December arribadas of 2019 was 
66.2% ± 34.6, n = 150 (range 0–100%), and 65.3% ± 33.3, 
n = 50 (range 0–100%) for the arribada event of Decem-
ber 2020. Hatching success of all arribadas was signifi-
cantly different among them (ANOVA, F (1,3) = 525.7430, 
p < 0.00). The mean emergence rate recorded for the three 
2019 arribadas was 65.8% ± 34.9, n = 150 (range 0–100%), 
and 65.2% ± 33.2, n = 50 (range 0–100%) for the December 
2020 arribada. The highest values for both hatching success 
(70.4% ± 32.2, n = 50) and emergence rate (69.7% ± 32.6, 
n = 50) were recorded in October 2019 and the lowest 
(56.3% ± 36.8, n = 50) in November 2019 (Fig. 4).

Average IoD for the October, November, and Decem-
ber arribadas of 2019 was 4.53 ± 1.59, n = 150 (range 
1.00–6.00), and 4.50 ± 1.48, n = 50 (range 1.00–6.00) for 
the arribada of December 2020. IoD differed significantly 
among arribadas (ANOVA, F (1,3) = 1120.596, p < 0.00), 
with the November 2019 arribada displaying the lowest IoD 
(Tukey, p = 0.0498) (Fig. 5).

Sand, air temperature and rainfall

Average sand temperature during the 2019 nesting season 
was 31.17 °C ± 2.21, n = 204 (range 24.86–35.16 °C) and 
29.69 °C ± 1.11, n = 174 (range 24.06–34.05 °C) for the 
2021 nesting season (Fig. 6). In 2019 and 2021, we recorded 
the highest mean values in December (33.68 °C ± 0.82; 
31.85 °C ± 1.57, respectively). We recorded the lowest mean 

Fig. 2   Duration of arribadas per month and year of occurrence at 
Corozalito from 2011 to 2021. No arribada occurred in 2008, 2009, 
2010, and 2015

Fig. 3   Estimated number of olive ridley egg-laying females and asso-
ciated 95% confidence intervals (CI 95%) for each mass synchronous 
nesting event in 2019, 2020 and 2021 nesting seasons at Corozalito, 
Costa Rica. Non-overlapping CI95% indicate significantly different 
estimates

Table 1   Tagging location of olive ridley turtles detected at Corozalito 
between 2008 and 2020 during solitary or arribada nesting, including 
distance from tagging site

*Recaptured rate (%) of olive ridley turtles found in Corozalito from 
other nesting locations in Costa Rica

Tagging location Nesting behavior Recapture
rate (%)*

Distance to 
Corozalito 
(km)Arribada Solitary

Montezuma 27 8 40.2 40
Camaronal 21 13 39.1 8
Ostional 2 3 5.7 39
Nancite 3 1 4.6 112
Osa Peninsula 4 4.6 222
Buena Vista 3 3.4 21
Playa Grande 1 1.1 73
Ojochal 1 1.1 208
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temperatures in October of 2019 (28.83 °C ± 1.28) and in 
August of 2021 (28.49 °C ± 0.82). We recorded a mean air 
temperature in 2021 of 26.72 °C ± 2.84, n = 174.

Average rainfall during 2019 and 2021 was 11.0 ± 3.5 mm, 
n = 202 (range 0.00–254.00 mm) and 4.01 ± 3.1 mm, n = 174 
(range 0.00–112.00 mm), respectively. Greatest precipitation 
occurred during October 2019 (34.1 mm ± 9.4) and Septem-
ber 2021 (7.9 mm ± 14.88) (Fig. 6).

Nest incubation temperature and hatching success 
of marked nests

The mean incubation temperature of marked nests 
from September to December 2021 was 32.3 °C ± 2.41, 
n = 15. Nest incubation temperatures were monitored 
for nests laid in September (31.62  °C ± 1.38, n = 8; 
range 26.45–37.54 °C) and November (33.16 °C ± 1.57, 
n = 7; range 27.01–37.66 °C) (Fig. 7). The lowest mean 

Fig. 4   a Hatching (%) and b emergence rates (%) estimated for the 
October, November and December arribadas of 2019 and the Decem-
ber arribada of 2020 in Corozalito. Triangles indicate that hatching 

rate and emergence success for November of 2019 were significantly 
lower than the other months

Fig. 5   Index of Development (IoD) for the three mass synchronous 
nesting events monitored in 2019 and the single arribada monitored 
in 2020 at Corozalito. Asterisk indicates that the arribada of Novem-
ber 2019 presented a significantly lower IoD

Fig. 6   Monthly mean (± SE) sand temperature (dots) and rainfall (bars) recorded at Corozalito during the a 2019 and b the 2021 nesting seasons
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incubation temperature for these nests occurred during the 
first days of incubation (30.88 °C ± 2.2 and 31.87 °C ± 2.2, 
respectively). Nest temperatures increased during the 
incubation period (32.06 °C ± 2.16 and 34.50 °C ± 2.04, 
respectively). Among the data loggers (n = 18), one of 
them was vandalized along with the nest and two of them 
did not record the temperature; however, hatching success 
was documented in the remaining nests.

All of the nests marked during the September and 
November 2021 arribadas produced hatchlings. Mean 
hatching success for September marked nests was 
57.1% ± 26.5, n = 9 (range 18.7–93.7%), and 58.2% ± 25.0, 
n = 7 (range 35.1–97.4%) for November marked nests. 
Hatching success differed significantly between the nests 
marked during these 2 months (t test = 7.05749, p < 0.00). 
Embryonic development was prone to stop in nests with 
incubation temperatures reaching above 31.5 °C (n = 12) 
(Fig. 8).

Fig. 7   Daily nest incuba-
tion temperatures (45 days) 
for a September (n = 8) and 
b November nests (n = 7) 
(open squares), sand tem-
perature (closed circles), 
and air temperature (closed 
triangles) at Corozalito. The 
red line indicates field lethal 
temperatures for nests (35.0 °C) 
(Valverde et al. 2010), and the 
blue line indicates olive ridley 
sex determination mean pivotal 
temperature (30.5 °C) (Wibbels 
et al. 1998)

Fig. 8   Correlation between hatching success and mean incubation 
temperature (°C) recorded during the incubation period (45 days) of 
nests marked in September and November arribadas of 2021
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Discussion

Corozalito arribadas

We recorded 29 arribadas at Corozalito from 2008 to 2021, 
which displayed a clear growing trend in annual frequency 
and days of duration. At present, there is a lack of infor-
mation available regarding the initial stages of these mass 
nesting events at Corozalito. In 1970, survey flights were 
conducted along the coast of the Nicoya Peninsula, during 
which less than ten tracks were recorded near Corozalito 
(Richard and Hughes 1972). The first official report of 
an arribada occurring in Corozalito was made in 2007 by 
the local community (R. Arauz personal communication). 
Arribadas in Corozalito nonetheless, may have begun ear-
lier (Mejías-Balsalobre et al. 2019).

Little is known regarding the mechanisms and the 
cues that lead to the establishment of arribadas at spe-
cific beaches, likely because so far, they do not follow any 
pattern, are highly ephemeral, occur suddenly or provide 
no clues to facilitate our understanding, and because they 
are discovered in remote locations (Bernardo and Plot-
kin 2007; Pritchard 2007; Fonseca et al. 2009). Corozal-
ito seems to be in its early stages of development as an 
arribada beach, given the large fluctuations in size and 
frequency observed relative to more established arribada 
rookeries like Ostional (Pritchard 2007). We documented 
the largest arribadas in September 2019 (17,982 ± 3220 
egg-laying turtles) and October 2021 (21,653 ± 3327 egg-
laying turtles), coinciding with the rainiest months of the 
year. This is consistent with the occurrence of the larg-
est arribada events in the Eastern Tropical Pacific (ETP) 
region, which have been associated with rainy season 
months and hence, lower sand temperatures (Hughes and 
Richard 1974; Plotkin et al. 1997; Bernardo and Plotkin 
2007; Corina-Monter and Durán-Campos 2017). Overall, 
arribadas at Corozalito are small when compared to those 
of larger well-known arribada beaches, such as Ostional 
with as many as 476,550 egg-laying turtles (Valverde et al. 
2012), Nancite with 57,907 (Fonseca et al. 2022), La Flor, 
Nicaragua with 60,816 (Honarvar et al. 2016), La Esco-
billa, México with 317,219 (Corina-Monter and Durán-
Campos 2017) and Orissa, India with 180,000 (Shanker 
et al. 2004). It appears that the abundance of nesting olive 
ridley turtles at Corozalito is insufficient to yield monthly 
arribadas across an entire year, as does occur at nearby 
Ostional.

While arribadas rarely occur simultaneously at Ostional 
and Nancite, with a time lag of days or even weeks apart 
(Hughes and Richard 1974; Bernardo and Plotkin 2007; 
Bézy et al. 2020), synchronicity has been observed dur-
ing the occurrence of nine arribadas at Corozalito and 

Ostional for the last 3 years, initiating on either the same 
day or a couple days apart. Interestingly, the current 
interval between arribadas at Corozalito (28.1 ± 1.0 days) 
seems different to Ostional’s (34 ± 1.4 days) (Bézy et al. 
2020). Synchronicity between arribada sites may be due 
to independent turtles responding to the same cues that 
trigger arribada events (Plotkin et al. 1995), a possibility 
that increases with proximity. It is possible that arribadas 
at Corozalito may continue to increase and evolve for a 
few decades, only to wane and collapse when the arribada 
becomes self-limiting, as occurred at Nancite (Fonseca 
et al. 2009, 2022; Pritchard 2007; Valverde et al. 2012), 
which is similar in length to Corozalito (1 km). Despite 
the lack of estimates regarding the size of the arribadas 
at Corozalito from 2008 to 2018, our observations are 
relevant to document their historic occurrence, particu-
larly considering the lack of published information on the 
development of this unique behavior in its early stages. 
Further monitoring is needed at this site to assess the 
fate and trend of the nesting population and to formulate 
adequate management plans to ensure its protection, as 
currently this arribada rookery is located on public unpro-
tected land.

Olive ridleys tag recapture in Corozalito

We observed an exchange of olive ridleys between Coro-
zalito and other nesting sites through Inconel flipper tag 
returns, 51.1% of which belonged to solitary nesters and 
48.9% to arribada nesters. The majority of turtles recap-
tured at Corozalito were tagged at Montezuma (40 km away) 
and the nearby beach of Camaronal (8 km away), but also 
included turtles that had been tagged at Ostional and Nan-
cite, or at other nesting sites along the Pacific coast of Costa 
Rica. An occasional exchange of either solitary or arribada 
nesting olive ridley sea turtles has been reported between 
Ostional and Nancite (Cornelius and Robinson 1981; Cor-
nelius and Robinson-Clark 1986). Likewise, a similar phe-
nomenon of nesting turtles at sites that had been tagged nest-
ing elsewhere has been observed in Chacocente and La Flor 
arribada rookeries in Nicaragua (Heidy Salazar, personal 
communication). Our tag recovery data shows that nesting 
turtles tagged at different beaches along the Pacific coast of 
Costa Rica also nest in Corozalito during solitary or arrib-
ada nesting events. It is known that olive ridleys tagged in 
Ostional and Nancite move to other regions of the ETP, and 
that they potentially nest at beaches as far as Oaxaca, Mexico 
(Cornelius and Robinson-Clark 1986; Plotkin 2010). Tak-
ing together our recapture observations plus those at other 
arribada nesting sites, it seems that large arribadas do not 
build gradually over time at a beach spurred by high hatch-
ing rates, as currently thought (Valverde et al. 1998; Fonseca 
et al. 2009). Rather, it seems that these events first establish 
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relative quickly as large groups of olive ridleys that spin off 
aggregations from regional waters. It is also possible that 
both hypotheses work in concert to some extent to build over 
time an arribada aggregation.

It is known that arribada nesters display some degree of 
site fidelity in Costa Rica’s arribada rookeries (Plotkin et al. 
1995; Plotkin 2002), although our findings clearly show that 
this fidelity is not absolute. Olive ridleys exhibit philopatric 
plasticity, where animals return to nest to a given region, but 
not necessarily to the same beach over their lifetime. This 
behavior is not rare and has been documented for several 
sea turtle species using satellite tags, metal tags and even 
genetics (López-Castro and Rocha-Olivares 2005; Georges 
et al. 2007; Nordmoe et al. 2004; Tucker 2010).

Mark recapture studies have suggested that each arribada 
is in part regulated by cues present in the local environment 
(Bernardo and Plotkin 2007). Thus, each arribada rookery 
may exhibit its own idiosyncrasy. Unfortunately, the low 
number of tag recovery rates characteristic of arribada rook-
eries is a factor that limits our understanding of olive ridley 
beach selection and overall nesting behavior. Tag recapture 
may vary due to the relatively small number of turtles tagged 
and significant tag loss; moreover, it is difficult to detect 
tagged turtles during mass nesting events given the difficulty 
of finding those few animals among the thousands that par-
ticipate in the events (Cornelius and Robinson-Clark 1986). 
Finally, few monitoring programs deploy teams dedicated 
to finding previously tagged turtles given the multiple tasks 
conducted during the events and the limitations on numbers 
of workers. Altogether, it is possible that the exchange of 
nesting beaches by particular nesters is part of a complex 
behavior to colonize new areas or beaches (Tripathy and 
Pandav 2008). If so, this may explain the seeming lack of 
genetic population structure in olive ridleys across most of 
the ETP (López-Castro and Rocha-Olivares 2005). Unfor-
tunately, we do not know why olive ridleys are currently 
choosing to nest at Corozalito, or the mechanism by which 
nesting animals are recruited to this nesting beach.

Hatching success and development index 
at Corozalito

Mass nesting events may lead to olive ridley arribada 
beaches reaching their carrying capacity, resulting in a 
decrease in hatchling production and low recruitment to the 
adult population over time, as is suspected to have occurred 
at Nancite (Bernardo and Plotkin 2007; Cornelius et al. 
1991; Fonseca et al. 2009, 2022; Pritchard 2007; Valverde 
et al. 1998). However, this is not the case for Corozalito at 
this point in time, since current hatching success in arribada 
quadrats (65%) and marked nests (59%) were higher than 
those of other arribada beaches such as Nancite (33.4%) 
(Fonseca et al. 2022), Ostional (18.4%) (Valverde et al. 

2012) and La Flor (19.0%) (Honarvar et al. 2016). The high 
hatching success relative to other arribada beaches is indica-
tive that Corozalito is a nascent and thus, young arribada 
beach, and that nest destruction and microbial load are not 
yet critical. In this context, current hatching success may be 
high enough to support the relatively quick establishment of 
a large arribada population at the site. In contrast, the hatch-
ing success that we observed at Corozalito, when compared 
with the between 80 and 90% hatching rates of solitary olive 
ridley nesting beaches (Dornfeld et al. 2015; Binhammer 
et al. 2019), appear to be low, suggesting that Corozalito 
is on a trend to reaching its carrying capacity. However, if 
arribada populations are largely supported by regional tur-
tles (Plotkin et al. 1995), it is possible that the establishment 
of Corozalito as an arribada rookery is independent of its 
hatchling production.

According to our findings, the IoD at Corozalito was 4.5. 
This indicates that in general, significant mortality took 
place in later stages of development. It is possible that this 
mortality was due to factors that characterize well-estab-
lished arribada beaches such as Ostional and Nancite, owing 
to their suboptimal incubation conditions, which drive high 
embryo mortality rates (Clusella Trullas and Paladino 2007; 
Honarvar et al. 2008; Valverde et al. 2010, 2012; Bézy et al. 
2014, 2016). It has been suggested that optimal embryo 
development is regulated by a range of environmental vari-
ables that define a suitable microclimate for development, 
where the physical characteristics of the beach, local cli-
mate, and the number of eggs laid in the clutch are key fac-
tors that guarantee embryo development (Ackerman 1997). 
We feel that the IoD reflects those variables and that it will 
serve as a tool to determine optimal incubation conditions. 
Finally, we are confident the continued estimation of an IoD 
at solitary and arribada rookeries subject to various envi-
ronmental conditions will eventually enable us to properly 
interpret the meaning of these values. For now, it seems that 
a value of 4.5 is reasonably good for Corozalito given the 
hatching success obtained.

Nest incubation temperature

Sea turtles exhibit temperature-dependent sex determina-
tion, which is characterized by the exclusive production of 
a single sex below (male) or above (female) a transitional 
range of temperatures that can vary among sea turtle species 
(Ackerman 1997; Porter et al. 2021; Wibbels 2003; Wibbels 
et al. 1998), as well as a pivotal temperature that produces a 
sex ratio of 1:1 (Mrosovsky and Yntema 1980). Mean nest 
incubation temperature at Corozalito (32.3 °C) was higher 
than the estimated sex determination pivotal temperature 
for olive ridleys (30.5 °C) in the ETP (Wibbels et al. 1998; 
Wibbels 2007; Morales Mérida et al. 2021) and below the 
lethal temperature (35 °C) documented at Ostional (Valverde 



	 Marine Biology          (2022) 169:59 

1 3

   59   Page 10 of 12

et al. 2010). The absence of rainfall during 2021 likely led to 
the high incubation temperatures recorded during the study 
period, as rainfall causes sand and nest temperatures to drop 
for several days (Laloë et al. 2021; Porter et al. 2021). The 
high temperatures recorded at Corozalito led to embryonic 
mortality in several nests, as occurred at Ostional (Valverde 
et al. 2010). According to our findings, most of Corozalito’s 
incubation temperatures are below the lethal threshold (Val-
verde et al. 2010), and hatching success and the recruitment 
rates are high, with the beach currently producing a hatch-
ling sex ratio skewed towards females.

The preponderant theoretical production of females at 
Corozalito may contribute to an increase in the number of 
nesting olive ridleys in the region, which may eventually 
contribute to an increase in the size of arribadas at this and 
other nesting sites. However, it is important to consider the 
effect the variation of temperatures during the incubation 
period could have on hatchling rates (Morales Mérida et al. 
2021) and recruitment to mass nesting events (Wibbels 
2007). Further research is needed at Corozalito to assess 
incubation temperature in olive ridley turtles during several 
seasons and compare them with larger nesting beaches such 
Ostional, Nancite, or La Flor, to understand the development 
of this nesting beach over time.

Nest predation and egg extraction

Predation and egg extraction by humans increase dramati-
cally during arribadas (Eckrich and Owens 1995). Egg 
extraction (poaching) has been reported as a major threat to 
sea turtle along the beaches of the southern Nicoya Penin-
sula (Viejobueno et al. 2011). We did not assess predation 
or poaching at Corozalito, although one of the nests that we 
marked during the November arribada with a data logger 
was stolen a couple of days later. In addition, Pheasey et al. 
(2020) tracked a poached turtle nest from Corozalito to a 
supermarket in the Central Valley of Costa Rica, 137 km 
away. In this regard, it is important to mention the extraction 
of sea turtle eggs for domestic commercialization is legal 
in Costa Rica only at Ostional (Campbell 1998; Valverde 
et al. 2012). Furthermore, it is essential to assess all threats 
present at Corozalito, including the illegal extraction of eggs 
and predation, particularly at this early developmental stage 
for the proper study of the evolution of this nascent arribada 
beach.

Towards conservation in Corozalito

This study provides supporting evidence that the number 
and frequency of arribadas in Corozalito will increase over 
time. We also, predict that hatching success will decrease 
over time but will be higher than more established arribada 

nesting beaches. As such, only the continued monitoring 
of nesting dynamics at this site will shed light on the fate 
of Corozalito as an arribada rookery, and perhaps on the 
mechanisms by which arribada beaches are born, and 
evolve. Our research provides insight into the contribu-
tion of nesting turtles from independent nesting beaches 
to the creation and consolidation of arribada beaches, and 
opens new questions about this phenomenon. Finally, it is 
extremely important to provide Corozalito with National 
Wildlife Refuge status for the official implementation of 
a management plan to ensure its long-term protection, as 
its current location on public unprotected land is to be 
considered a threat.
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