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ABSTRACT

 Background. Sea turtles of the genus Lepidochelys exhibit a complex and synchronous mass-nesting behavior termed 
“arribada.” Goals. This paper analyzes the local physical environment during the arribada events that occurred in 2005 at 
La Escobilla, Oaxaca, Mexico. Methods. Daily night patrols were conducted from May to November 2005, along the nes-
ting zone. Daily records for air temperature and rainfall were obtained from the automatic weather station by the Comisión 
Nacional del Agua. Sea surface temperature and salinity fields were obtained from the Hybrid Coordinate Ocean Model 
(HYCOM), and surface ocean currents were obtained from the Asia-Pacific Data Research Center. Results. The analyses 
showed five arribada events during the period. A common feature was the presence of eddies and strong currents at the 
beginning of each arribada. A correlation of statistical significance was observed between the abundance of the arribada 
and the current speed (R = 0.93, R2 = 0.86, p = 0.04). The correlation with salinity showed values of R = 0.55, R2 = 0.31, 
p = 0.32, whereas correlation with rainfall was R = 0.53, R2 = 0.28, p = 0.14. A weak correlation was observed with air 
temperature (R = 0.35, R2 = 0.12, p = 0.59) and with sea surface temperature (R = 0.23, R2 = 0.05, p = 0.66). Conclu-
sions. Although sea turtles are strong swimmers, the proximity to favorable oceanic currents generated by eddies might 
be related to the beginning of the arribada, considering that this current might provide energy savings and accumulate 
chemical compounds and food in the water column.
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RESUMEN

 Antecedentes. Las tortugas marinas del género Lepidochelys presentan un complejo comportamiento de anidamiento 
masivo conocido como arribada. Objetivos. El presente trabajo analiza la relación entre el ambiente físico durante los 
eventos de arribada ocurridos en 2005 en La Escobilla, Oaxaca, México. Métodos. Se realizaron patrullajes nocturnos 
de mayo a noviembre de 2005 y se obtuvieron registros de temperatura del aire y precipitación del radar meteorológico 
de CONAGUA. Mapas de salinidad y temperatura superficial del mar fueron obtenidos a partir del modelo HYCOM. Las 
corrientes superficiales fueron determinadas a partir de bases de datos disponibles por Centros de Investigación en 
dinámica oceanográfica internacionales. Resultados. Se observaron cinco eventos de arribada. Una característica im-
portante fue la presencia de vórtices y corrientes intensas durante su inicio. Se observó una correlación estadísticamente 
significativa entre las arribadas y la velocidad de las corrientes (R = 0.93, R2 = 0.86, p = 0.04). La correlación con la 
salinidad mostró valores de R = 0.55, R2 = 0.31, p = 0.32, mientras que la correlación con la precipitación fue R = 0.53, 
R2 = 0.28, p = 0.14. Se observó una correlación débil con la temperatura del aire (R = 0.35, R2 = 0.12, p = 0.59) y con 
la temperatura superficie del mar (R = 0.23, R2 = 0.05, p = 0.66). Conclusiones. A pesar de que las tortugas marinas 
son fuertes nadadoras, la proximidad a corrientes favorables generadas por los vórtices podría estar relacionada con el 
inicio de la arribada, considerando que estas corrientes asegurarían un ahorro en energía y su presencia podría acumular 
compuestos químicos y comida en la columna de agua.
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INTRODUCTION

Sea turtles are widely distributed throughout the world’s oceans, from 
tropical to temperate waters. The olive ridley sea turtle (Lepidochelys 
olivacea, Eschscholtz, 1829) is a widely distributed species listed by 
the International Union for Conservation of Nature as vulnerable (IUCN, 
2012) and similar to the Kemp’s ridley (Lepidochelys kempii, Garman, 
1880.) It undertakes synchronous mass nesting, known as “arribada” 
or “arribazón” (Shanker et al., 2003; Valverde et al., 2012). The arri-
badas are complex and massive nesting phenomena that involve tens 
of thousands to hundreds of thousands of females that nest synchro-
nously over a few nights (Valverde et al., 1998).

These phenomena have been documented only in a few countries 
of the world. Nesting aggregates of over 100,000 females have been 
reported in the Pacific of Mexico (Márquez et al., 1976; Márquez et al., 
2005), the Pacific of Costa Rica (Pritchard, 1997; Pandav et al., 1998; 
Fonseca et al., 2009), and at Orissa on the east coast of India (Shanker 
et al., 2003). 

On the American continent, the most numerous specimens of this 
turtle arrive at the coasts of Costa Rica and Mexico, where spectacular 
reproductive habitats are located. In Costa Rica, females typically nest 
at night, usually once a month, with a single arribada lasting from 2–10 
nights (Cornelius, 1982; Fonseca et al., 2009). In Mexico, one of the 
major world nesting sites for this species is La Escobilla, Oaxaca, where 
about one-million nests per year occur during each season (Peñaflores-
Salazar et al., 2000; Márquez et al., 2005). Some hypotheses have been 
proposed concerning the causes of the arribada, which include the sand 
granulometric characteristics of the nesting sites (Clusella-Trullas & Pa-
ladino, 2007), fitness benefits to nests, and behaviors to avoid predation 
(Pritchard, 1997; Bernardo & Plotkin, 2007); however, the factors that 
cause these events remain unclear.

In general, the arribadas occur once a month, at a particular time 
of year; however, in some cases, they occur less frequently than once 
a month. Occasionally, an arribada lasts for a single day or as long as 
30 days (Ballestero, 1996). In the eastern Pacific, the arribadas coincide 
annually with the rainy season (Cornelius, 1986), but in the northern 
Indian Ocean, they coincide with the dry season (Dash & Kar, 1990).

The aim of this study was to analyze the relationship between the 
local physical environment (air temperature, rainfall, salinity, sea surfa-
ce temperature, and surface ocean currents) during the arribada events 
that occurred in 2005 at La Escobilla, Oaxaca, Mexico. As one of the 
largest olive ridley arribada sites in the world, La Escobilla, is an ideal 
location to consider how some physical factors might relate to the ini-
tiation of these events.

MATERIAL AND METHODS

La Escobilla is located on the Mexican Pacific Coast between Puerto 
Escondido and Puerto Ángel, Oaxaca, (15°47.1’ N, 96° 44.3’ W) (Fig. 1). 
The beach is at the western end of a long beach of ~22 km. The nes-
ting zone has a length of ~ 8 km, has been monitored by the Mexican 
government since 1967, and is now considered a national sanctuary 
protected area. The area is divided laterally into 100-m wide stations 
with markers every 50 m.

During the period between May and November 2005, daily night 
patrols were conducted along the nesting zone. Although the data do 
not include all of 2005, they are representative for the nesting season, 
considering that the arribadas on this beach are more common from 
March to May and more intense from August to September (Peñaflores-
Salazar et al., 2000). We used the criterion of Valverde et al. (1998), 
who define an arribada as the presence of 100 or more females on the 
beach at any given time within a 24-hour period. During each event, 

Figure 1. Study area. La Escobilla, Oaxaca, Mexico. The rectangle represents the domain of interest.
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females were counted following the Márquez & Van Dissell (1982) me-
thod, which is based on the number of females on the beach every hour, 
estimating the number of active females in a previously established 
sampling area, and extrapolating the results for the total area. 

During the same period, daily mean air temperature and rainfall 
records were obtained from the automatic weather station of the Co-
misión Nacional del Agua (CONAGUA), situated at Puerto Ángel, Oaxaca, 
91 meters above sea level.

Sea surface temperature (SST) (°C) and salinity (psu) data at 2m 
depth were obtained from the output of the Hybrid Coordinate Ocean 
Model (HYCOM) during each arribada event. HYCOM has a resolution of 
1/12 degree in the horizontal and uses hybrid (isopycnal/sigma/z-level) 
coordinates in the vertical. The output is interpolated onto a regular 
1/12 degree grid horizontally and 40 standard depth levels. The output 
data obtained by this model have been widely used to reproduce the 
dynamics in the upper layers (< 2000 m) in different domains, and it 
is known that the data can be comparable with in situ measurements 
(Thacker et al., 2004; Chassignet et al., 2007; Castellanos et al., 2016)

The surface current fields (m s-1) were obtained from the Asia-Paci-
fic Data Research Center (APDRC) of the International Pacific Research 
Center (IPRC), at the University of Hawaii (http://apdrc.soest.hawaii.
edu/data/data.php, downloaded May 13, 2015.)

Because our data present a normal distribution, a Pearson’s para-
metric correlation and regression were performed in order to analyze 
the magnitude of the association as well as the relationship between 
the abundance of the turtles observed during the arribada events and 
the environmental variables (air temperature, rainfall, salinity, SST, and 
the current speed). All analyses were performed using Statistica v. 8.0 
software (StatSoft, Inc., Tulsa, OK, USA).

RESULTS

We observed five arribada events during the study period. The first oc-
curred from May 9-14, the number of turtles counted ranged from 111 
to 11,313 per day, with a total number of 28,237 (mean ± SE = 4,709 ± 
1,877). (Fig. 2a) During this six-day period, the air temperature ranged 
from 28.85 to 30.10 °C (mean ± SE = 30.00 ± 0.19 °C) (Fig. 2b) and 
the rainfall was zero (Fig. 2c). The salinity field showed a variation from 
33.9 to 34.6 psu (Fig. 3a), whereas the SST rose in a range from 26.3 
to 31.7 °C, showing two warm cores in the west and east portions, 
as well as a cold core in the central region of the study area (Fig. 4a). 
During this arribada, the surface currents showed the presence of a 
strong cyclonic eddy located between 12.7° and 14.2°N latitude and 
94.5° to 96.9°W longitude, which induced the formation of two anticy-
clonic eddies that were in agreement with the SST distribution. Strong 
currents were observed at the boundaries of these eddies, with speeds 
of ~0.8 m s-1, as well as a strong current from south to north (Fig. 5a). 

The second event was the shortest and occurred from July 16-19; 
the number of turtles counted ranged from 114 to 24,588 with a total 
number of 39,691 (mean ± SE = 9,923 ± 5,993) (Fig. 2d). During this 
four-day event, the air temperature range was between 27.30 to 28.65 
°C (mean ± SE = 28.0 ± 0.6 °C) (Fig. 2e) and the rainfall from 0 to 10.1 
mm (mean ± SE = 3 ± 2.48) (Fig. 2f). During this event, the salinity 
varied from 33.3 to 34.1 psu (Fig. 3b) and the SST ranged from 27.2 
to 31.8 °C, with a warm core close to the coast at the western portion 

of the study area (Fig. 4b). During this arribada, an eddy triad (cyclo-
nic–anticyclonic–cyclonic) dominated the surface current. Both cyclonic 
structures showed maximum velocities of ~0.8 m s-1 at their periphery. 
The anticyclonic eddy was close to the coast and had a velocity of ~0.3 
m s-1 (Fig. 5b).

The third event occurred from August 10-16. The number of turtles 
counted ranged from 147 to 80,136, with a total number of 197,635 
(mean ± SE = 28,234 ± 13,184) (Fig 2g). The air temperature during 
the seven-day period ranged from 27.25 to 30.40 °C (mean ± SE = 
29.00 ± 0.96 °C) (Fig. 2h) and the rainfall was between 0.5 and 3.0 
mm (mean ± SE = 1.00 ± 0.38) (Fig. 2i). The salinity varied from 33.4 
to 34.4 psu (Fig. 3c), whereas the SST rose in a range from 27.0 to 32.2 
°C, showing warm surface water that extended along the coast at the 
western portion of the study area (Fig. 4c). The surface current during 
this arribada showed the presence of an anticyclonic eddy close to the 
coast with a velocity of ~0.7 m s-1, as well as the presence of a weak 
mesoscale cyclonic eddy with a diameter ~30 km centered at 13° N 
latitude. A strong current was observed between both structures that 
flowed close to the coast northeast to southwest (Fig. 5c). 

The fourth event was the largest during the period studied, from 
August 30 to September 6. The number of turtles counted ranged from 
127 to 88,430, with a total number of 317,219 (mean ± SE = 39,652 
± 13,133) (Fig. 2j). The air temperature during this event ranged from 
26.45 to 29.25 °C (mean ± SE = 28.00 ± 0.32 °C) (Fig. 2k) and the 
rainfall was between 0 to 93.6 mm (mean ± SE = 21.00 ± 11.65) (Fig. 
2l). The salinity values ranged from 33.2 to 34.0 psu (Fig. 3d) and the 
SST ranged from 27.7 to 32.2 °C, showing a warm core associated with 
a cold core (Fig. 4d). The surface currents during this event showed the 
presence of a strong pair of eddies (anticyclonic–cyclonic) which coin-
cided with the temperature distribution and strong currents that were 
observed between both structures flowing northeast to southwest with 
a velocity of up to 1 m s-1 (Fig. 5d).

The final event observed during our study period occurred Nov-
ember 2-6, when the number of turtles counted ranged from 171 to 
118,406, with a total number of 296,268 (mean ± SE = 42,324 ± 
19,733) (Fig. 2m). The air temperature ranged from 28.05 to 29.25 °C 
(mean ± SE = 29.00 ± 0.16) (Fig. 2n) and the rainfall was zero (Fig. 2o). 
During this event the salinity variation was 33.2 to 34.2 psu (Fig. 3e) 
and the SST rose in a range from 21.8 to 30.4 °C, showing that a cold 
current extended more than 400 km from the coast; this current induce 
the formation of a core with a strong gradient in temperature (Fig. 4e). 
On the first day of this arribada, the surface currents were dominated by 
the presence of a strong anticyclonic eddy close to the coast, centered 
at 13.5°N latitude and 98 W longitude, with velocities that reached 1 m 
s-1. Strong currents (~1 m s-1) were observed in association with this 
eddy flowing close to the coast from north to south (Fig. 5e).

Based on our results, statistical analyses were performed in order 
to test the relationships between the abundance of the arribada and the 
environmental variables (air temperature, rainfall, salinity, SST, and the 
current speed). A correlation of statistical significance was observed 
between the abundance of the arribada and the speed of the currents (R 
= 0.93, R2 = 0.86, p = 0.04). The correlation with salinity showed values 
of R = 0.55, R2 = 0.31, p = 0.32, whereas correlation with rainfall was 
R = 0.53, R2 = 0.28, p = 0.14. A weak correlation was observed with 
air temperature (R = 0.35, R2 = 0.12, p = 0.59) and with SST (R=0.23, 
R2 = 0.05, p = 0.66).
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Figures 2a-o. Number of turtles, air temperature (°C) and rainfall (mm) observed during the arribada events at La Escobilla, Oaxaca during 2005. a-c) “arribada” 1, 
d-f) “arribada” 2, g-i) “arribada” 3, j-l) “arribada” 4, m-o) “arribada” 5. Bars represents ±1 standard error (SE).

DISCUSSION

The proximate cues that induce the arribada have been widely hypo-
thesized. One prevailing hypothesis asserts that an arribada begins 
when there is a strong onshore wind (Hendrickson, 1980); however, 
they can also occur in the absence of wind. The lunar cycle has been 
suggested to be essential for initiating an arribada, considering that 
the olive ridley arribada in the eastern Pacific frequently coincide with 

the third-quarter moon (Bernardo & Plotkin, 2007), but they also occur 
during other lunar phases (Ballestero, 1996). Evidence also shows that 
arribadas begin at about the time of high tide (Plotkin, 1994). Females 
that normally emerge synchronously on Nancite Beach, Costa Rica to 
oviposit, delayed oviposition in response to a period of extreme rainfall 
(52.98 cm) (Plotkin et al., 1997). Our observations, however, showed 
that the largest and most intense arribada event (“arribada” 4) occurred 
during a period of maximum rainfall, which suggests that normal levels 
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of rainfall do not adversely affect the arribada. The air temperature in 
this study appeared not to affect significantly the arribada. Cornelius 
(1991) also reported the lack of correlation between air temperature 
and arribada timing. Because salinity can vary substantially and rapidly 
in response to rainfall, it seems to have no significant effect on the 
timing of the arribada.

Previous studies have shown the effect of SST on the ecology of the 
sea turtles. Solow et al. (2002) identifies a significant effect of the SST 
on the re-migration interval in the largest Atlantic population of green 
turtles (Chelonia mydas, Linnaeus, 1758). Using SST satellite and aerial 
survey data, Coles & Lusick (2000) suggest that the sea turtles are 
not randomly distributed geographically but stay within preferred tem-
perature ranges that are seasonally variable. Other studies, however, 
indicate that sea turtles do not follow specific isotherms during migra-
tions and do not make turns en route where specific thermal cues were 
encountered, suggesting that SST plays a minimal role in influencing 
the migration/aggregation of the sea turtles (Luschi et al., 1998; Hays 
et al., 2001). These results seem to coincide with our observations, 
given that no significant correlation between SST and the arribada was 
observed. It is important to keep in mind, however, that in 2005 the Pa-

cific Ocean was characterized by an anomaly in SST (Lluch-Cota et al., 
2013), which may have affected the dynamics of the water column and 
marine populations, including the sea turtles in other aspects.

Based on our results, cyclonic and anticyclonic eddies (cold and 
warm core, respectively) and strong currents were common features, 
which might be strongly related with arribada events. These oceano-
graphic processes have been shown to have a remarkable influence 
on the movements and migrations of sea turtles (Luschi et al., 2003). 
In particular, juvenile loggerhead (Caretta caretta, Linnaeus, 1758) and 
olive ridley sea turtles have been observed interacting along the peri-
pheries of eddies in the central North Pacific Ocean, which suggest a fo-
raging advantage associated with the currents generated by the eddies 
(Polovina et al., 2004). Similar observations in the North Pacific and Gulf 
of Mexico revealed that sea turtles displayed a preference for foraging 
areas located at the peripheries of eddies, suggesting that these sites 
act as “hot spots” (Polovina et al., 2006; Foley et al., 2013). Recently, 
Gaube et al. (2017) documented the use of mesoscale eddies by juve-
nile loggerhead sea turtles in the Brazil-Malvinas confluence region. In 
this area, sea turtles are significantly more likely to be located in the 
interior of anticyclone eddies as a result of their behavior, suggesting 

Figures 3a-e. Maps of surface salinity (psu) at each arribada event at La Escobilla, Oaxaca during 2005 on: a) May 9, 2005, b) July 16, 2005, c) August 10, 2005, d) 
August 30, 2005, e) November 2, 2005.

a) b) c)

d) e)
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that these turtles are possibly feeding on prey items associated with 
low near-surface chlorophyll concentrations observed in those features. 

In our particular case, the surface ocean currents and eddies ob-
served at La Escobilla might affect the sea turtle population via three 
potential mechanisms: 1) The major ocean currents clearly affect turtle 
movements by producing powerful forces that advect swimming turt-
les in a given direction, which is not necessarily consistent with the 
intended swimming direction; 2) The effects at the border of main cu-
rrents, where strong processes such as eddies or rings often occur, 
produce mesoscale rotatory drifts of water. These processes can affect 
sea turtle movements in a manner similar to how bird flight is affec-
ted by wind (Richardson, 1990). And 3) It is known that ocean eddies 
modify the physicochemical properties of the water column and play 
a fundamental role in transporting chemical compounds, suspended 
material, nutrients, and organisms (Coria-Monter et al., 2014; Duran-
Campos et al., 2015). Therefore, the presence of these structures might 
ensure the availability of food for sea turtles. It has been shown that 
eddies and tropical instability waves in the eastern tropical Pacific play 
an important role in the dynamics and biology of the region, and in 
the transfer of mass, energy, heat, and biological constituents from the 
shelf to the deep ocean (Palacios & Bograd, 2005; Willet et al., 2006). 
The generation, characteristics, and life histories of these processes are 

closely linked to patterns in the atmosphere (Amador et al., 2006), to 
local hydrography (Fiedler & Talley, 2006), and to the ocean circulation 
in the region (Kessler, 2006). In particular, the anticyclonic eddies in the 
region have been observed to last up to six months and propagate up to 
1500 km offshore (Müller-Karger & Fuentes-Yaco, 2000).

The observed eddies and surface currents might influence the 
course and extent of female post-nesting migrations, which vary greatly 
among different species. For example, the green (Chelonia mydas, Lin-
naeus, 1758), hawksbill (Eretmochelys imbricata, Linnaeus, 1766), and 
loggerhead (Caretta caretta, Linnaeus, 1758) turtles shuttle between 
the nesting beach and specific feeding area used for the entire inter-
reproductive period. In these cases, individuals swim, rather than drift, 
to complete their journeys, with possible current advection helping 
them to reach their target rapidly. In particular, the olive ridley turtle has 
been reported to leave the coastal nesting areas to reach the pelagic 
environment, where they forage and perform wandering movements. 
The common lifecycle of sea turtles encompasses prolonged periods 
in the open ocean where turtles are known to move widely between 
different habitats or specific locations, ranging over large oceanic areas 
away from the continental shelf (Musick & Limpus, 1997). In this envi-
ronment, currents and related oceanographic features are likely to be 
important factors that affect behavioral sea turtle movements. 

Figures 4a-e. Maps of Sea Surface Temperature (°C) at each arribada event at La Escobilla, Oaxaca during 2005 on: a) May 9, 2005, b) July 16, 2005, c) August 10, 
2005, d) August 30, 2005, e) November 2, 2005.

a) b) c)

d) e)
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Much remains to be learned regarding the mechanisms that induce 
an arribada. Many aspects and more detailed studies are required to 
understand the population dynamics in order to design the most effec-
tive conservation methods and improve the management strategies for 
this endangered species, considering that this phenomenon is striking 
both in its rarity and unusual magnitude among turtles, even among lar-
ge vertebrates. Understanding how ocean currents influence the distri-
bution of these organisms remains a major challenge and an interesting 
subject for study. Recent advances in the use of small powered satellite 
transmitters attached to loggerhead turtles have documented the mi-
grations that span thousands of kilometers in the North Atlantic (Mans-
field et al., 2014) and Gulf of Mexico (Foley et al., 2013). Gaube et al. 
(2017) explored the possibility of tracking the trajectory of loggerhead 
sea turtles on maps of sea-level anomalies in order to understand their 
behavior. These studies revealed that by combining new technologies 
(e.g. satellite telemetry) with the trajectories of turtles, new understan-
ding could be obtained about the ecology of these pelagic organisms. 
These methodologies can be applied in Mexico in order to improve our 
existing knowledge about the niche of this species.
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