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AB STRACT. - The olive ridley sea turtle nesting colony at Nancite beach , Costa Rica, was monitor ed 
since 1980. Estimates of numb ers of nests oviposited throu ghout the term of the study were ohtained 
by empirica l sampling of the mass nesting assemblages (arribadas) occurring during the peak nesting 
months of August through November for 15 years. The method to obtai n these estimates is described 
and discussed. The number ofn ests laid during eacharribada averaged 37,960 and varied in si:te from 
148,000 nests in October 1980 to 350 nests in August 1993. Data showed a steady decline in the 
number of nests laid and in frequency of occurrence of arribada events at Nancite beach. There wa<; 
a sharp decline durin g 1983 and consec utive poor nesting periods duri ng 1987- 96. Whereas nesting 
during any one year may be affected by environmental factors such as El irio-Southern OsciJlation 
events, we suggest that low hatching rates recorded at this beac h may play a significa nt role in 
determ ining the long-term decline of the nesting effort of the Nancite assemblage. 

KEY WoRos. - Reptilia; Testudines; Cheloniidae; Lepidochelys olivacea; sea turtle; arribada; 
population : nesting; conse rvation; Costa Rica 

The oli ve rid ley sea turtl e (Lepido che/ys olivt1cea) is 
parti cularly abundanL along the Pacifi c coasts of the Amer i ­
can tropics and in the Bay of Bengal in the Indian Ocean 
(Corn eliu s, 1986). In the eastern tropica l Pacifi c many 
beaches are known to support high but non-aggregated 
nesting by oliv e ridleys and other sea turt les (Corneliu s and 
Rohinson. 1986; Higginson. 1989). Nevertheless.ol ive 1idleys 
are not restricted to solit ary nesting behavior. At two beaches 
in Costa Rica. Ostional and Nancite. a spectacular phenom­
enon lakes place: thousands of tun I es synchronous! y emerge at 
regular. nearly monthly . intervals to nest durin g two to eight 
consecutive nights (Figs. I , 2). Thi s event is referred to as an 
arribuda or arriba::.611, and is excl usive to the genus 
Lepidochelys (Richard and Hughes. 1972: Mfaquez and van 
Disscl, 1982). Thi s phenomenon also occurs at La Escobi Ila. 
Mexico (Cliffton el al .. 1982), and Gahimiatha and Nadiakhia 
Muhana. lndia(Kar. 1982). Anexampleof the magnitude of an 
arrihada is one estimated at 386.036 females at Gahinnath a 
during March 1987 (M ohanty-Hejm adi. 1987). Unfo rtunately, 
the author did not report on the estimation method. making it 
impossible to compare w ith other oli ve rid ley rookeries. 

Th e extreme gregariou sness disp layed by the o li ve 
ridl ey renders it highly vulnerable to human explo itati on. A t 
least three former arr ihada beaches in Mexico now support 
only sporadic nestin g. and the coll apse is thought to be due 
to large-scale legal and ill egal take of adults (C lifft on et al.. 
1982). In addition, Ecuadorean fisheries harvested large 
numbers of o li ve ridl eys from Central American and M exi­
can nesting colonies fo r the internati onal turtl e product trade 
(Green and Orti z-C respo, 1982). 

Since the t:Olllribution of Costa Rican oli ve ridl ey 
population s to these fi sheries was uncertain , an anempt to 

fi ll in the gaps related 10 the post-nesting movements of these 
marine reptiles was initiat ed in I 980(Cornelius and Robin son, 
unpubl. report ). Since then, more than 50.000 femal es have 
been tagged at Narn.:il e beach. Th e result s of thi s tagging 
progra m indi cated that oli ve rid leys arc pelagic in their 
habits and also disperse along the coastal waters fr om 
Ecuador to M exico (Corneliu s and Robinson, 1986). The se 
observati ons were recently confirm ed by satelli te 1elcmcIry 
studi es (Plotkin ct al. , 1995) . and suggest that turtle s nestin g 
in Costa Rica were potential targets to the now closed 
fi sheries in these countri es (Corneliu s and Robin son, 1986) . 
Toda y. the im pact of these fi sheries on Costa Rican olive 
ridl eys remains poorly documented. 

In spi te of the impossibi l ity of making sound inferences 
on the overall population stalll s, long-term beach surveying 
aimed ar determinin g the number of seasonal reproduc t ive. 
females is believed 10 be one of the best 1m:thods to study 
overall trends in a populati on (Meylan , 1982 ). In this pnper. 
we use the term ··arrihada size" to refer to the number of 
nests laid dur ing an arribada. Thi s is identical Lo the number 
of females Lhat eff ecti vely nest durin g one mass emergence 
since oliv e ridl eys nest only once during each arribada. The 
objecti ve of this paper is to report on 15 years ( 1980--84 and 
1987- 96) of o li ve ridl ey nesting activi ty at Nanci te. 

MATERIALS AND METHODS 

Field work rook place at Nancitc during the peak nesting 
months of Augu st through November from 1980 through 
1996. except for 1985- 86. The study was conducted by the 
University of Costa Ric a ( 1980- 84) and the Universiclad 
Nacional of Costa Rica ( 1985-96 ). 
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Figure 1. Daytime arribada at Nancite beach showing a large 
number of fema les crawling on lhe beach. Daytime emergences are 
uncommon at Nancite. Photo by Stephen Corne lius, October l 972. 

Tbe melhodology described here represents an attempt 
to estimate the number of nests laid during lhe arribadas at 
Nancite beach. To estimate the size of the nesting assem­
blage at Nancitebeach, the I km long beach was divided into 
ten 100 m secti ons. Quadrants of I 00 m2 (IO m x IO m) were 
establis hed in each section, with the number of quadrants in 
each section determined by the width of that section . Count s 
of turtle s in these quadrants were made every two hour s 
during each session of an arribada (a sess ion is defined here 
as the consecutive hours in which turtle s emerge synchro­
nously to nest within a 24-br interval , i.e ., a nychthemeral 
cycle). A session typical ly began at nightfall and ended at 
sunri se. although in some instances turtles emerged during 
daylight hours. fn this study , an arribada wa s defined as a 
total of I 00 or more females nesting during one session. 

Several aspects of the nesting behavior were quantified 
in an attempt to accurately estimate ci1e number of nesting 
females that pruticipated in an arribada. In order to deter­
mine the fate of each emergence, 99 tu1tles were individually 
painted on the carapace as they emerged from the water. 
Individual observations established that 52% of these turtles 
that engaged in pre-nesting activities (e.g ., crawling up the 
beach , searching for nest site, body pit construction) , subse­
quently nested. Also, 98% of the marked animals that initiated 
construction of U1e nest chamber nes ted successfully. 

Three separate counts were made within the quadrant s: 
1) total numberofturtles, 2) numberofactual nesting turt les, 
and 3) number of tu11Jes digging the nest chamber. The 
effective numb er of nesting turtle s on the beach was calcu­
lated using the following two formulas. 

The number of turtles nesting on the mid- and low­
beach zones was calculated as follows: 

{N,+0.98D+052(7i-[N ,+D,])} 125A H, [I] 
P,= l00Q x 1.13C, 

where P; = total number of nesting turtles (or nests laid) 
during the i''' session; N, = number of tmtles actually nesting 
in all quadrants during the i'" session; D, = number of turtles 
still digging nest cavities in all quadrants during the i'" 
sess ion; T; = total number of turtle s counted in all quadrants 

Figure 2. Panoramic view of an arribada at Nancite beach. Note 
the large number of broken egg shells on the sand. Photo by Stephen 
Corn elius, November 1984. 

durin g the i'" session; A = total available nesting area (m2) in 
mid-beach zone during the i'1' session as determined by the 
reac h of high tide ;H ; = number of hours in the i'h session; C; 
= numb er of survey counts in all quadrant s during the i'1' 
sess ion; Q = number of quadrants; 1.25 = extrapolation of 
the estimate for turtles in the mid-beach zone to includ e those 
nesting in the low beach zone below the high tide line; 100 = 
size of quadrant <; (1112); 0.98 = estimate of the percentage of 
twtle s still digging nest cavities that eventuaUy nested; 0.52 = 
estimate of the percentage of t11rtles encountered in pre-nesti11g 
stages that eventually nested; and 1.13 = average time in hours 
a turtle spent on die beach during a successful emergence. 

The numb er of turtles nest ing on the upper beach zone 
was adjusted to correct for the interference of vegetation and 
calculated as follows: 

{Nr+0.98D,+052(7i-[N,+D ,])}0.7B H, [
2

] 
P,= I00Q x J.13C, 

where B = size of nesting area under woody vegetation 
(co nstant = 8500 m2); 0.7 = maximum estimated nesting 
density in the upper beach zone, instead of 1.25 in formula 
[I]. The remaining variables and constants in the formula are 
the same as in fonnula l l]. Fo r a more detail ed descr ipt ion 
of these formu las see Corneliu s and Robin son ( 1982). 

Estimates of number s of nests deposited for each session 
were obtained by adding the totals from formul a [I ] and [2]. 
The overall arribada size estimate results from adding the 
totals for each of the sess ions of a given arribada. For the 
purposes of this study only empirical I y deri ved estimares of the 
size of ciiearribadas registered during the main nesting months 
of August d1rough November are included. 

RESULT S 

Figure 3 shows the ize of tbe arribadas in terms of 
number of nest s rec orded per arribada during the study. A 
total of 44 arribadas. la ting an average of -J..6 sessio ns 
(standard error= 0.25 ), were recorded during me term of the 
study. The average numb er of nesting females per arribada 
was 37 ,960 turt les. Th e largest arribada recorded totaled 
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148,000 nest s in October 1980 and the smal Iese totaled 350 
nests in August 1993. Complete data sets are nol avai lable 
for arribadas that occ urred during 1985 and 1986. and these 
were not considered in this study. An arribada that lasted 
four sess ions was observed in September 1993, but no 
samplin g was conducted. No arribadas were recorded in 
August of 1988, 1993, 1995, and 1996, in September of 
1988, I 989, 1992. 1995, and 1996, in Octoberof 1990, 1995, 
and 1996, and in November of 1983, 1987, 1989, and 1993. 
ln 1995 there were two arribadas in November. Data from 
other arribadas witne ssed outside the peak nesting months 
were not considered in the analysis because these relatively 
small arrihadas occurred only sporadica lly, and because of 
lack of sc ientific presence at the beach. 

The pattern observed in Fig . 3 is a steady, overa ll 
decline in the size of the arribadas over time. More impor­
tantl y, the intra -annual frequency of arribadas decreased 
signifi cantly be twee n 1987 and 1996. with several arribadas 
missing during this per iod. 

DISCUSSION 

The formula s app lied in this study to es timat e the 
numb er o f nests laid during the mass nesting eme rgences of 
olive ridleys contain several empiric al ly derived param ­
eters. Since it was not possible to calcu late the error assoc i­
ated with the derivation of the se parameter s, it was difficult 
to acquire a precise es timate of the overall nesting effort. 
Nevertheless , consistent application of both the samplin g 
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method and the formula s through the years suggest that we 
have a val id index to swdy population trend s . Simil ar 
problem s regarding the lack of precision of arribada size 
est imates are found in an alternati ve method (Marque z et al.. 
1982; Marquez and van Disse l. 1982) . An improved method 
to estima te the numb er of nes ts laid during an arribada 
provide s a mean s to co mput e the variabi lity of these esti­
mate s (Gates et al.. 1996). Unfortunat ely, the latter method 
cannot be app lied to the data included in the present study due 
to substantia l differences in data collection methodol ogy . 

Some of the parameters in the formulas applied in the 
present study may have varied in absolute term s from year 
to year (and poss ibly even from arribada to arribada ). such 
as rhe estimates used to co rrect for non-effective nesting 
behav ior of participating turtle s durin g the arribadns (e.g .. 
the perc entag e of turtle s encount ered in pre-nes ting stag es 
that eve ntually nested). It was not practical to co ntinuou s!~ 
assess these paramet ers due to logis tical limitations. particu­
larly beca use the task was time consumin g and incompatibl e 
with other aspects of the project. According ly. these param­
eters were maintained at the leve ls estimated ear ly in the study. 
Thi s methodological difficult y might have led to diff erences in 
the es timates of absolute number s of clutches laid ove r the 
years. Despite these caveats, a consistent protocol wm, em­
ployed throughout the project period providing an acceptable 
estimate o f the relative size o f the different arribadas. 

The monitorin g of the arribadas at Nancite beach 
started in 1971 (Richard and Hughes . 1972). At that time. 
arribadas were est imated at 115,000 and 70,000 nestin g 
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Figu re 3. Number of olive ridley nests per arribada (one per month. exce pt for two in November 1995) recorded at ancice beach , Santa 
Rosa National Park, Costa Rica, durin g the 1980- 96 period . The missing columns indicat e the absence of an arribada in 1he correspo nding 
month. Aster isks above yearly column s indicate estimat es obtained by field ass istant s and may represe nt underes timate, vft he ne ,ti ng e ffo1 t 
o f the asse mblage during the J 990-9 4 period. Nevertheless, estimat es are offe red here as lower bounds and to shO\\ the occurrence of the 
corres ponding arribadas. 
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females in September and November 197 1, respectively 
(Hughes and Richard. 1974), and 122,000 and 20,000 in 
September and November 1972. respectively (Cornelius 
and Robinson. unpubl. report). Similar large aggregations 
persisted through the early 1980s (Cornelius et al., 1991 ). 
although no systematic data collection was conducted for the 
period 1973- 79. Since 1987. the Nancite nesting population 
underwent a marked decl ine. which was more pronounced 
toward the end of the study when the intra-annual frequency 
of arribadas decreased from 3.8 arribadas per study period 
before 1987. 10 2.5 arribadas per sllldy period thereafter. 
This represents a loss of about 493.480 total nests between 
I 987 and I 996 with respectto the expected numberof nests for 
this period. lf we assume that most females nest twice in a 
single reproductive cycle, as seems 10 be the case for the 
Nanci Le turtles based on tag recapture(Corneliusand Robinson, 
unpubl. data) and endocrine data (Plotkin et al.. 1995, 1997). 
then the loss of nesting females would beequivalenrto246,740 
between l 987 and 1996. 

Cornelius and Robinson (unpubl. report) proposed four 
hypotheses to explain the transient decline in the size of the 
arribadas that occurred during the 1980-84 period. The e 
were I) poor hatching and consequent low recru itmenl to the 
adult population in past years, 2) natural endogenous varia­
tions, 3) overfishing by Mexican and Ecuadorean fisheries. 
and 4) the impact of the El Nino phenomenon. These 
conjectures remain useful today since the olive ridleys 
continue 10 be exposed to similar conditions. 

Many sea turtle populations have been documented to 
exhibit wide interannual fluctuations in their nesting effort 
(Carr, 1980; Meylan, 1982; Richardson and Richardson. 
1982; Magnuson ct al., 1990). AIU1ough the reason why all 
individuals in the adult population do not reproduce every 
year is not known, it is possible that turtles need some time 
to replenish their nutrient reserve . . which are heavily taxed 
by reproductive processes and by the long, energy-demand­
ing migrations betwee n breeding and foraging grounds 
(Bjorndal, 1985). The differential ability of individual 
lllrtles in a population to undergo synchronized gonadal 
recrudescence and 10 conserve energy durin g the repro­
ductive journey may determine to a large ex tent the inter­
annual number of reproductive individual s. Thu s, trends 
in the status of a nesting population are bes t de termined 
by long- te rm monit o ring studi es (Mey lan, 1982: 
Magnuso n et al.. 1990). 

Large fisheries in Ecuador and Mexico are known ro 
have taken many olive ridJeys. In mainland Ecuador about 
I 00,000 olive ridleys were harvested during 1979 alone, 
whereas in Mexico an estimated two million turtles were 
caught between 1965 and 1969 (Cliffton et al.. 1982: Green 
and Ortiz-Crespo. 1982). Tag-recapture and satellite telem­
etry studies have determined that Nancite olive ridleys nest 
cohcsi vely but distribute independently throughout the east­
ern tropical Pacific (Cornelius and Robinson. J 986; Plotkin et 
al., 1995). This strongly suggests that many members of the 
Nanci le reproductive assemblage were victims of these fisher­
ies. although the extent cannot presently be determined. Fortu-

nately, Ecuador banned sea turtle fisheries in 198 1 (Frazier and 
Salas, 1982), Mexican 1u11le fisheries officially closed down in 
1990 (Aridjis. 1990). and the Peruvian tu11le fishery (Vargas cl 
al.. 1994) stopped in 1995 (MDP, 1995). 

Limpus and Nicholls ( 1988) suggested thal !he El Niiio­
Sou1hern Oscillation (ENSO) may impact the remigrntion 
frequency of the green turtle in northern Australia by limit­
ing food resources. ENSO events are known to disrupt 
marine foo<l chains (Barber and Chavez, 1983; Barber and 
Kogelschatz. 1990). ENSO has been registered three times 
in the las1 17 years (the ongoing 1998 event not taken into 
account). The first one extended from 1982 through mid-
1983, the second from mid-1986 through 1987, and the third 
from mid- 1991 through 1994 (Quinn, 1992; McPhaden, 
1993; C.A.C, 1995). Thus, it is conceivable that ENSO 
impacred the interannual nesting of olive ri<lleys by dimin­
ishing food resources during the study period, which may 
have curtailed or completely abolished gonadal m: rudes­
cence in a significant portion of the population. 

Two other factors may explain the observed dcdin c in 
olive ridleys nesting al Nancite. These are I) beach exchange 
and 2) incidental mortality in shrimp nets. Between 1980 and 
1984 a total of29 Ostional turlles were observed at Nancite 
and 35 Nanci1e turtles were recorded at Ostio nal (Cornelius 
and Robinson. unpubl. report). This dynamic movement 
be1ween beaches i), remarkable and may represent an excep­
tion to the natal homing hypothesisasa pplied to green n111les 
(Bowen et al., 1992). It is possible that beach exchange is 
part of a complex mechanism that olive ridlcys use lo 

colonize or even move to another beach altogether. On the 
other hand, total incidental sea turtle capture in shrimp nets 
was estimated at some 60,000 animals along the Pacific 
coast of Central America for 1993 (Arauz, 1995). the large 
majority of these animals being olive ridleys. Unfortunately. 
sound mortality estimates due 10 the incidental capture of 
these turtles were not reported. As most of the turtles 
captured in !his fishery are reportedly females (Cornelius, 
1982), and assuming a shrimping-associated mortality of 
66.6% (Arauz, 1995), a gradual decline (possibly spanning 
decades) would be expected in nesting at Nancitc. 

The extent lo which all the aforementioned factors have 
impacted the nesting of the olive ridlcy assemblage al 
Nancite is not known. The relative coniribution of each 
factor should be studied in order to devise approprialc 
pro1ecti ve measures. One important consideration regarding 
the effects of all these factors is that they should impacL all 
eastern tropical Pacific olive ridley nesting populations in a 
s imilar fashion. However, anecdotal observations suggest 
that numbers of nesting animals al Ostional and La Escobilla 
beaches may have increased in the last few years (A. Chaves, 
pers. comm .; Marquez. unpubl. report). If confirmed, these 
observations would suggest that the decline of the Nancite 
assemblage is due to an endogenous factor limited to Nancite. 
Thus, it is plausible that the above factors are of secondary 
concern and that poor hatching success at Nancilc is the 
primary long term cause of reduced arrihada size and 
frequency. 
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Low Ha1c:hi11g Ra1e. - Cornelius et al. ( 199 1) esti ­

mated the hatching rate of term nests (i .e., nests that were 

undi sturb ed throughout the in cubati on period ) at Nanci te as 

6. 7% over a four-year period. Simi lar estim ates are available 

for nests at Ostional (Co rne! i us el al.. 199 1 ). These hatchin g 

rates arc signifi cantly lower when co mpared to those of 

other oli ve rid ley population s (Rcichan, 1993). 

A large proportion of the nests al Nancite (up to 84% in 

198 1) showed no ev idence of embr yo nic development 

(Cornelius ct al.. 1991 ), suggestin g either that there is very 

high em bryo nic mortalit y associated with the ear ly stages of 
the im;ubation process or that a large proportion o f the eggs 

are inforti le. The latter possibi lity is support ed by the low 

number of observatio ns o f matin g in fr ont ofNanc itc( Hughes 

and Ri chard. 1974). although matin g could Lake pl ace at a 

differ ent location, away from Nancitc. and at a tim e o ther 

than the peak nesting month s. 

Hi gh mortalit y of earl y stage embry os in arribada 
beaches may also be due to Lhe increased proli ferati on of 

mi croorgani smsm,sociated with the large nurnbersofc lutches 

deposited durin g each arrihad a event (Co rneliu s et a.I.. 
1991) or with phy sical factors. such as temperatur e and 

humidity (Mo et al.. 1990. J 992). Microor gani sm prolifera­

ti on is thought to result from the increased amount of egg­
deri ved organi c matt er found in these beaches as a dir ect 

c.:onscqucncc of nest destruction by other nestin g turtl es (Fig. 

2), as wel l as by predators, beach erosion. and hi gh tides 

(Co rnelius et al., 199 1) . Nest disturbance increases as the 

nesting uensit y increases, eith er during a sin g le arribada or 

as the season progresses toward larger arribadas. Thi s is due 

co the limit ed siz e of the nestin g area and to the fact that 

arribadu nesting inter vals arc commonly shorter than the 

incubat ion period (Co rneliu s et al. , 199 1 ). If we estim ate that 
25 % of 340.000 nests (ofca. I 00 eggs each) were destroyed 

by turtl es nestin g durin g 198 1 (Cornel iu s et al.. 199 1 ). and 

if the average mass of the eggs is 32.6 g (Reichart. 1993). 

then about 277 metric tons of organic mail er were added LO 

the beach that year as a consequence of nest dislllrbance by 

other nc~Ling femal e:,;. Th is fi gure increases signifi cantl y if 

we include embryo s that die at different stages durin g 

incubation and that also contribut e 10 the low hatchin g rate 

documenteu al Nanc i1e (Co rneliu s et al .. 199 1 ). 

Given the tremendou s amount of decomposin g organic 

mallcr from the many brok en eggs, the leve l of oxyge n 

available fo r development of healthy embr yo!'> may not be 

optimal. lnd eed. eggs may be deposited al Nancit c in a 

nearl y anoxic env ironm ent. T urtl e eggs requir e an optima l 

respi rator y environment to develop properl y (A ckerman. 
1980). Further , experim ental darn indi cates that embr yo 

mor1ali1y increases sharpl y as gas exc hange between egg 

c lu tch and surrounding environment uccreases (A cke rman, 

I Y8 I). assumin g no compet iti on for air among egg clut ches. 

lt i s temp t ing Lo speculate that increased embry o death may 

re:.ult a~ a consc4uencc of the dire ct co mpetition for air by 
adjacent clutch es. At Nancit e, nest densit y is quit e high as 

evidenced by the elevated rate or nest destructi on by turtl es 

in the subsequent ni ghts of an arrihada (Co rneliu s et al., 

199 1 ). Thu s, it is conceivabl e that early embryo mortalit y at 

Nancite could be due 10 a large extent to low avail abilit y of 

oxyge n brought about by the massive decomposition of or­

ganic mauer and by the competiti on for air among nearby egg 

masses. Research is requir ed to evaluate these hypotheses. 

An aspect of maj or co ncern regarding the low hatchin g 

rate at Nanc it e is the maintenanc e of the breedin g popula ­

tion. The low produ ction ofhatchlings may cause the Nanc i re 

arribada assemblag e to co l lapse in the near future (Co rnelius 

et al., 199 1 ). leadin g to period s of low densit y nesting 

alterna tin g w ith peri ods of heavy nestin g (aft er natural 

recovery of the populati on) ove r severa l sea lllrtl e genera­
ti ons. Alternatively. low hatchin g rates may 1101 be pervasive 

at Nanc ite over lon g period s. Sporadic exce ptiona ll y large 

hatchlin g production events have been observed (C orneliu s 

and Robi nson. unpubl. report ), and it is possib le that annual 

produ ct ion o f halchlin gs is hi ghly vari able. This would 

resul t in large int erannual flu c tuati ons on a scale of decades. 

such as the ones regis tered in this study. This suggests the 
possibil it y that arribada beaches undergo natur al , self ­

regulated cycl es. alternatin g betw een period s of high and low 

numbers. Unfortunat ely. the relativel y short histori cal record 

of arrihada events at Nancitc docs nol offer adequate resolu­

tion of thi s issue. Onl y through theco ntinu ed monitorin g o f thi s 

population will we be able to improveo urund erstanding of the 

biology of the arribada phenomenon at Naneile beach. 
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