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By	Madeleine	Beange,	Annie	Clift,	and	Randal	Arauz	
	
During	 the	 2015-2016	 nesting	 season,	 PRETOMA	 monitored	 sea	 turtle	 nesting	 at	 four	
beaches	on	the	southern	Nicoyan	Peninsula	of	Costa	Rica:	Caletas,	Costa	de	Oro,	San	Miguel,	
and	Corozalito.	In	total	6057	solitary	olive	ridley	nesting	events	were	recorded,	and	1	small	
arribada	nesting	event	occurred	at	Corozalito.	 In	addition,	2	hawksbill,	17	 leatherback,	and	
22	green	nesting	events	were	observed.	1109	nests	were	protected	in	project	hatcheries,	and	
74054	hatchlings	were	released	into	the	Pacific	Ocean.		
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1.	Introduction	
	
PRETOMA	started	monitoring	sea	turtle	nesting	activity	on	the	southern	Nicoya	Peninsula	(SNP)	of	
Costa	Rica	in	1998,	when	it	entered	San	Miguel	to	help	the	local	effort	of	protecting	turtle	eggs	by	
moving	them	to	a	hatchery.	Since	then	PRETOMA	has	created	turtle	conservation	and	monitoring	
projects	 on	 three	 other	 nesting	 beaches	 in	 the	 area:	 Caletas,	 Corozalito,	 and	 Costa	 de	 Oro.	With	
these	four	projects	combined,	PRETOMA	protects	a	total	length	of	13	km	of	nesting	beaches.			
	
Sea	turtles	face	several	direct	threats	on	SNP	nesting	beaches,	 the	greatest	being	egg	poaching	by	
locals	who	sell	them	to	supplement	their	low	incomes.	Although	selling	them	is	illegal,	sea	turtle	egg	
consumption	 is	 a	 part	 of	 Costa	 Rican	 culture	 because	 of	 the	 traditional	 belief	 that	 they	 have	
aphrodisiac	 properties.	 Another	 large	 cause	 of	 egg	 loss	 on	 the	 beaches	 is	 through	 animal	
depredation.	 Although	 depredation	 is	 limited	 by	 predator	 satiation,	 there	 are	many	 species	 that	
visit	the	beaches	to	feed	on	the	eggs	such	as	raccoons,	hermit	crabs,	dogs,	skunks	and	coatis.		
	
Sea	turtles	also	face	indirect	threats	on	the	SNP	beaches,	such	as	development	and	climate	change,	
which	 could	 destroy	 the	 beaches	 that	 the	 turtles	 rely	 on	 for	 reproduction.	 Although	 the	 SNP	 is	
currently	 relatively	 uninhabited,	 tourism	 is	 slowly	 growing	 in	 the	 area,	 and	 with	 it	 hotel	 and	
vacation	 home	 development.	 Coastal	 development	 can	 cause	 both	 light	 pollution,	 which	 deters	
nesting	turtles	from	visiting	the	beaches,	and	beach	erosion,	which	decreases	the	available	area	on	
the	beaches	to	leave	their	nests.	Climate	change	can	contribute	to	this	decrease	in	nesting	area	with	
rising	sea	levels,	which	combined	with	coastal	development	results	in	beach	squeeze	(Fonseca	et	al.	
2009).	Another	potential	 cause	of	 climate	change	 is	higher	sand	 temperatures,	which	affects	nest	
incubation	and	could	result	in	higher	proportions	of	female	sex	ratios	or	even	nest	fatality	(Fish	et	
al.	2009).	
	
The	 primary	 objective	 of	 the	 four	 PRETOMA	 beach	 projects	 is	 to	 protect	 sea	 turtle	 eggs	 from	
poaching	 and	 depredation	 through	 nightly	 beach	 patrols,	 hatcheries,	 community	 education,	 and	
sustainable	tourism	development.	The	secondary	objective	is	to	gather	scientific	data	of	sea	turtle	
nesting	activity	and	to	use	this	information	for	both	designing	conservation	methods	at	the	beach	
projects,	and	working	with	local	stakeholders	to	protect	the	area’s	delicate	ecosystems.			
	
Caletas,	 Costa	 de	 Oro,	 and	 San	 Miguel,	 and	 Corozalito	 are	 primarily	 olive	 ridley	 (Lepidochelys	
olivacea)	nesting	beaches.	Although	olive	ridleys	are	classified	as	vulnerable	on	the	IUCN	Red	List	of	
Threatened	Species	(Abreu-Grobois	&	Plotkin	2008),	they	are	the	most	abundant	of	the	7	species	of	
sea	turtles	and	thus	the	 lowest	priority	for	conservation	funding.	For	this	reason	olive	ridleys	are	
poorly	 studied	 and	 there	 are	 many	 aspects	 of	 their	 biology	 that	 aren’t	 understood,	 such	 as	 the	
specie’s	complex	reproductive	strategy.		
	
Olive	Ridleys	nest	not	only	 solitarily,	 like	all	 sea	 turtle	 species,	but	also	 in	arribadas	 -	 a	behavior	
unique	to	the	Lepidochelys	genus	in	which	up	to	hundreds	of	thousands	of	turtles	nest	in	synchrony	
over	a	 few	days	 (Pritchard	1969,	Hughes	&	Richard	1974,	Dash	&	Kar	1990).	Although	 there	are	
only	a	handful	of	arribada	beaches	in	the	world,	their	massive,	dense	nature	has	traditionally	made	
them	the	focus	of	olive	ridley	conservation	and	research	efforts.	However,	solitary	nesting	plays	a	
fundamental	 part	 in	 maintaining	 olive	 ridley	 populations	 because	 its	 widespread	 distribution	
accounts	for	equal,	if	not	more,	nesting	on	a	global	scale	(Bernardo	et	al.	2007).	The	unique	nesting	
dynamics	 of	 the	 SNP	 beaches	 provide	 the	 perfect	 opportunity	 to	 study	 how	 the	 two	 olive	 ridley	
reproductive	behaviors	contribute	to	the	overall	fitness	of	the	population.	Caletas,	Costa	de	Oro,	and	
San	 Miguel	 are	 strictly	 solitary	 nesting	 beaches.	 On	 the	 other	 hand,	 Corozalito	 appears	 to	 be	 a	
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young,	growing	arribada	beach	with	both	high	solitary	nesting	and	small	arribada	events	(Beange	
et	al.	2016,	unpublished	data).		
	
Early	 studies	 at	 Nancite	 and	 Ostional,	 Costa	 Rica	 found	 differences	 in	 nesting	 ecology	 between	
arribada	 and	 solitary	 nesters,	 which	 suggested	 the	 two	 behaviors	 were	 fixed	 strategies	 used	 by	
genetically	 separate	 populations	 (Cornelius	 1986,	 Plotkin	 et	 al.	 1997,	 Kalb	 1999).	 The	 arribada	
phenotype	 was	 characterized	 by	 higher	 beach	 fidelity	 and	 longer	 internesting	 periods	 than	 the	
solitary	 phenotype.	However	 a	 recent	 study	with	 the	 Costa	Rican	 olive	 ridley	 population	 did	 not	
find	 a	 genetic	 difference	 between	 arribada	 and	 solitary	 nesters	 (Koval	 2015).	 This	 indicates	 that	
olive	 ridleys	 exhibit	 a	 conditional	 reproductive	 strategy	 in	which	 they	 utilize	 alternative	 nesting	
behaviors	depending	on	environmental	conditions.	The	conditional	strategy	theory	is	supported	by	
observations	that	some	solitary	nesters	in	Nancite	were	susceptible	to	arribada	cues	and	went	out	
of	their	way	to	participate	in	events	(Kalb	1999).	In	addition,	several	studies	have	shown	that	high	
nest	 fidelity	 is	 not	 only	unique	 to	 arribada	nesters,	 but	 also	 exhibited	by	 solitary	 olive	 ridleys	 in	
Africa,	Australia	and	Brazil	(Hamel	et	al.	2008,	Maxwell	et	al.	2011,	and	Matos	et	al.	2012).		
	
The	 variation	 of	 internesting	 period	 (IP)	 among	 olive	 ridleys	 continues	 to	 puzzle	 scientists	 as	 it	
differs	 from	 the	 clearly	 defined	 IP’s	 of	 other	 sea	 turtle	 species.	 Olive	 ridleys	 have	 average	 IPs	 of	
three	weeks	for	solitary	nesters	and	one	month	for	arribada	nesters,	and	the	IPs	of	both	strategies	
can	vary	between	2	weeks	to	2	months	(Matos	et	al.	2012,	Dornfield	et	al.	2015,	and	Plotkin	et	al.	
2007).	Olive	 ridleys	have	 likely	 adapted	 the	 ability	 to	 retain	 eggs	 to	delay	nesting,	which	 in	 turn	
facilitates	 the	 coordination	 of	 arribada	 events.	 Researchers	 believe	 that	 instead	 of	 relying	 on	
internal,	 physiological	 cues	 to	 stimulate	 nesting	 like	 other	 species	 of	 sea	 turtles,	 ridleys	 rely	 on	
external	signals	as	well	such	as	moon	phase	and	pheromone	perception	(Bernardo	et	al.	2007).			
	
The	SNP	also	sees	occasional	nesting	of	three	other	species	of	sea	turtles,	all	of	which	the	eastern	
Pacific	populations	are	classified	as	endangered	or	critically	endangered	on	the	IUCN	Red	List:	the	
leatherback	 (Dermochelys	 coriacea),	 green	 (Chelonia	 mydas),	 and	 hawksbill	 (Eretmochelys	
imbricate)	 (Wallace	 et	 al.	 2013,	 Seminoff	 2014,	 Mortimer	 &	 Donnelly	 2008	 –	 IUCN	 Red	 List).	
Although	 these	 appearances	 are	 rare,	 accounting	 for	 less	 than	 1%	 of	 the	 total	 beaches’	 nesting	
activity,	they	are	significant	because	the	critical	statuses	of	the	populations. 
	
The	objectives	of	this	report	are	to	summarize	the	results	of	the	2015-2016	season	of	the	PRETOMA	
nesting	beach	projects,	 to	assess	 the	accomplishments	and	 shortcomings	of	 the	 conservation	and	
research	 efforts,	 and	 to	 provide	 recommendations	 for	 future	 nesting	 seasons.	 Due	 to	 the	 large	
quantity	 of	 hatchery	 and	 temperature	 data	 collected	 in	 2015	 and	 the	 important	 results	 seen	
because	of	El	Niño,	a	separate	report	will	cover	this	theme	in	further	detail.		

2.	Project	Sites	
	
The	 four	 PRETOMA	 project	 beaches	 are	 located	 along	 20	 kilometers	 of	 the	 southern	 Nicoya	
peninsula	 and	 are	 each	 delineated	 by	 rocky	 outcrops,	 estuaries,	 river	 mouths,	 wetlands,	 and	
mangroves	 (Figure	 1).	 During	 the	 rainy	 season,	 which	 coincides	 with	 the	 nesting	 season,	 the	
estuaries	flow	into	the	ocean,	releasing	brackish,	nutrient-rich	water.	This	 is	a	common	feature	of	
olive	ridley	nesting	beaches	and	may	play	a	role	in	the	nesting	process	(Bernardo	et	al.	2007).	The	
wetland	and	mangrove	ecosystems	behind	the	beaches	are	delicate	and	have	seen	degradation	due	
to	 rice	 farming,	 cattle	 ranching,	 and	development.	The	 individual	beaches	are	described	below	 in	
geographical	order	from	south	to	north.		
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Caletas	 is	 a	 5	 kilometer	 beach	 within	 the	 Caletas-Ario	 National	 Wildlife	 Refuge.	 The	 beach	 is	
enclosed	by	a	 rocky	outcrop	at	 the	northern	end	and	 the	Bongo	River	at	 the	 southern	end.	Playa	
Caletas	 is	 uninhabited	 and	 isolated,	with	 the	 closest	 towns	 being	 San	 Francisco	 de	 Coyote,	 5	 km	
north,	and	Quebranando,	5	km	northeast.	The	beach	is	steeply	inclined	and	has	large	grained,	dark	
sand.	The	Caletas	 project	was	 initiated	 in	 2002	because	 large	numbers	 of	 leatherbacks	had	been	
reported	 to	be	nesting	on	 the	beach.	 In	 the	 first	couple	of	seasons	23	and	45	 leatherback	nesting	
events	 were	 recorded,	 consecutively.	 	 Since	 then	 the	 number	 plummeted,	 and	 no	 leatherback	
nesting	 events	 have	 been	 observed	 in	 the	 last	 three	 seasons.	 This	 decrease	 reflects	 the	 general	
trend	 of	 the	 eastern	 pacific	 population,	 which	 has	 declined	 by	 97.4%	 during	 the	 last	 three	
generations	 (Wallace	 et	 al	 2013).	 Despite	 this	 discouraging	 population	 collapse,	 PRETOMA	
continues	 to	monitor	olive	 ridley	nesting	activity	at	Caletas,	which	varies	between	500	and	2400	
events	per	season.		
	

	
Figure	1.	Map	of	the	southern	Nicoya	peninsula	area	showing	the	4	PRETOMA	projects.		

Costa	de	Oro	 (4.6	km)	and	San	Miguel	 (2.5	km)	are	neighboring	beaches	 separated	by	 the	 Jabilla	
estuary,	with	the	Coyote	estuary	on	the	southern	end	and	Punto	Bejuco	on	the	northern	end.	The	
two	 beaches	 have	 similar	medium-coloured,	 fine-grained	 sand;	 shallow	 incline;	 large	 tidal	 flows	
with	 low	 tides	 exceeding	 200	 m;	 and	 a	 line	 of	 palm	 trees	 as	 vegetation.	 The	 beaches	 are	 also	
similarly	developed,	with	mostly	vacation	houses	that	are	vacant	the	majority	of	the	year,	and	small	
communities	of	roughly	100	year-round	residents.	San	Miguel	is	the	oldest	of	the	PRETOMA	beach	
projects	and	has	had	an	average	of	380	olive	ridley	nesting	events	per	season	since	2004.	Costa	de	
Oro,	on	the	other	hand,	only	started	four	years	ago.	The	nesting	activity	is	concentrated	in	the	first	
2.8	km	of	the	beach	and	appears	to	have	the	same	nesting	level	as	San	Miguel.	
	
Corozalito	is	an	800-meter	long	beach	defined	by	rocky	outcrops	at	each	end	and	an	estuary	in	the	
south.	The	beach	 is	 heterogeneous	 in	 incline,	 sand	 composition,	 and	vegetation.	 Corozalito	 is	not	
inhabited	 but	 there	 is	 a	 small	 town	 2.5	 km	 inland	 from	 the	 beach.	 Although	 Corozalito	 is	 the	
smallest	of	the	project	beaches,	it	has	the	highest	level	of	nesting	activity.	Since	the	project	started	
in	2008,	there	has	been	an	average	of	1640	solitary	nesting	events	per	year.	In	addition,	Corozalito	
gets	 small	 arribadas	 that	 vary	 drastically	 in	 size	 from	 a	 couple	 hundred	 females	 to	 over	 10000.	
Their	erratic	nature	has	made	studying	the	events	difficult;	they	have	occurred	one	to	three	times	
per	 year	 between	 September	 and	 January,	 even	 skipping	 a	 year	 in	 2009.	 Overall	 these	 “mini-
arribada”	events	appear	to	be	growing	in	size	and	frequency.	This	evolving	nesting	profile	could	be	
influenced	 by	 its	 proximity	 to	 Ostional,	 only	 45	 km	 northwest	 of	 Corozalito,	which	 is	 one	 of	 the	
biggest	arribada	nesting	beaches	in	the	world.	
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3.	Methods	

3.1	Nesting	Activity	Monitoring	

3.1.1	Sector	Markers	
	
At	the	beginning	of	the	season	beach	sectors	were	measured	and	marked	by	painting	trees	or	wood	
posts.	 Caletas,	 Costa	 de	 Oro,	 and	 San	 Miguel	 were	 divided	 into	 50,	 46,	 and	 25	 100	 m	 sectors	
respectively.	Due	 to	 the	higher	nesting	density,	 Corozalito	was	divided	 into	15	50	m	 sectors	 and	
then	further	subdivided	into	12.5m	subsectors	(ex.	1,	1A,	1B,	1C).		

3.1.2	Solitary	Nesting	Survey	Protocol	
	
One	 or	 two	3-hour	 patrols	were	 conducted	 each	night,	 depending	 on	 the	 number	 of	 participants	
available	at	the	projects,	to	record	all	tracks	of	emerged	sea	turtles	and	biometric	data	from	those	
encountered.	 Daily	morning	 surveys	were	 conducted	 to	 record	 tracks	 from	 turtles	 that	 came	 up	
after	 night	 patrols,	 and	 check	whether	 in	 situ	 nests	were	 destroyed	 by	 poaching	 or	 depredation.	
Beach	patrols	were	conducted	 from	the	nights	of	 July	1st	 to	December	13th,	2015	at	Costa	de	Oro,	
San	Miguel,	and	Corozalito	and	June	27th,	2015	to	February	21st,	2016	at	Caletas.	
	
When	 tracks	 from	 an	 emerged	 turtle	 were	 encountered;	 date,	 time,	 sector,	 zone,	 species,	 and	
nesting	activity	category	were	recorded.	Zones	were	characterized	by	below	average	high	tide	line	
(1),	 above	 average	 high	 tide	 line	 (2),	 and	 above	 line	 of	 vegetation	 (3).	 Nesting	 activities	 were	
categorized	as	the	following:	
	

1. Successful:	a	clutch	of	eggs	was	laid		
a. Protected:	the	nest	was	unharmed	
b. Poached:	humans	took	the	eggs	
c. Depredated:	animals	ate	and/or	destroyed	all	the	eggs		
d. Partially	depredated:	some	eggs	were	eaten	by	animals,	but	a	portion	of	the	clutch	

was	left	unharmed	
2. Unsuccessful:	a	clutch	of	eggs	was	not	laid	

a. False	crawl:	a	turtle	emerged	from	the	ocean,	walked	up	the	beach,	and	returned	to	
the	ocean	

b. Aborted	 nest:	 a	 turtle	 began	 the	 process	 of	 laying	 a	 nest,	 clearing	 a	 nest	 bed	 or	
digging	an	egg	chamber,	but	stopped	and	returned	to	the	ocean	before	laying	eggs	
	

When	successful	nests	were	encountered,	the	eggs	were	counted	while	using	a	latex	glove	in	order	
to	avoid	contamination.	When	possible,	nests	were	moved	to	a	project	hatchery.	If	a	hatchery	was	
not	available,	the	nests	were	left	in	situ,	or	relocated	to	a	safer	position	on	the	beach.		
	
When	 nesting	 turtles	 were	 encountered,	 they	 were	measured	 and	 tagged	 after	 they	 had	 started	
depositing	 eggs,	when	 they	were	 least	 responsive	 to	disturbances.	Over-the-curve	measurements	
were	 taken	with	 a	 non-stretchable	measuring	 tape.	 Curved	 carapace	 length	 (CCL)	was	measured	
along	the	midline	from	the	midpoint	of	the	nuchal	scute,	where	the	skin	touches	the	carapace,	to	the	
notch	between	the	last	two	supercaudal	scutes.	Curved	carapace	width	(CCW)	was	measured	from	
the	widest	part	of	the	carapace,	perpendicular	to	the	long	axis.	Flippers	were	checked	for	old	tags,	
or	evidence	of	pre-existing	tags.	New	tags	were	applied	on	the	second	 large	scale	 from	the	 inside	
posterior	edge	of	the	fore	flipper,	the	left	flipper	getting	the	lower	tag	number.	
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3.1.3	Arribada	Survey	Protocol	
	
Night	patrol	 surveys	switched	 to	arribada	protocol	 if	 there	were	more	 than	50	 turtles	nesting	on	
the	beach	 in	 synchrony.	 	 The	 instantaneous	 count	method	described	 in	Valverde	 et	 al.	 1999	was	
used	for	the	arribada	protocol.	The	number	of	females	laying	eggs	was	counted	in	each	sub-sector	
every	 2	 hours.	 	 An	 estimate	 for	 the	 total	 number	 of	 turtles	 that	 nested	 during	 the	 arribada	was	
calculated	by	using	the	following	equation:	

M =
nH
ht
	

	
Where	M	 is	 the	 estimated	 number	 of	 females	 that	 nested,	 n	 is	 the	 number	 of	 egg-laying	 females	
counted,	H	 is	 the	 total	 survey	period,	 h	 is	 the	 average	 time	 females	 take	 to	 lay	 eggs,	 and	 t	 is	 the	
number	of	sampling	times.	An	arribada	event	was	defined	as	a	night	of	over	100	nesting	events.		

3.1.4	Data	Analysis	
	
For	 calculating	 the	 numbers	 of	 nightly	 solitary	 and	 arribada	 nesting	 activity,	 and	 inter-nesting	
intervals,	 the	date	was	defined	 as	 the	date	 that	 the	night	 started.	 For	 instance,	 if	 a	 nesting	 event	
occurred	 at	 3	 am	 of	 September	 12th	 the	 date	 of	 September	 11th	 was	 used.	When	 calculating	 the	
average	 inter-nesting	 interval	 for	 turtles	 encountered	 twice	 during	 the	 nesting	 season,	 an	
unsuccessful	 nesting	 event	 was	 only	 used	 if	 it	 occurred	 more	 than	 a	 week	 before	 or	 after	 a	
successful	nesting	event.	If	there	was	an	unsuccessful	nesting	that	occurred	within	a	couple	days	of	
the	 successful	nesting	event,	 the	date	of	 the	 successful	nesting	event	was	used.	To	group	nesting	
events	according	to	moon	cycle,	the	week	around	the	new,	fist	quarter,	full,	and	last	quarter	moon	
phases	 was	 included.	 If	 the	 period	 between	 moon	 phases	 was	 more	 or	 less	 than	 a	 week,	 the	
extra/missing	night’s	activity	was	divided	by	the	two	phases.		

3.2	Hatchery	

3.2.1	Preparation	
	
At	 all	 three	 beaches	 the	 pre-existing	 hatchery	 locations	were	 used;	 the	 old	 sand	was	mixed	 and	
sifted	 to	 remove	 new	 roots,	 garbage,	 and	 eggshells	 from	 the	 previous	 season.	 The	 Costa	 de	 Oro	
hatchery	was	expanded	by	replacing	dirt	with	sand	 from	the	beach	 in	 the	new	area.	No	hatchery	
was	built	 in	Corozalito	due	to	the	higher	nesting	density	and	distance	of	the	project	station	house	
from	 the	 beach.	 A	 grid	 was	 applied	 to	 each	 hatchery	 with	 0.6	 by	 0.6	 m	 squares.	 Columns	 were	
assigned	numbers	and	rows	assigned	letters	for	identification	(Figure	2).	The	capacities	of	the	San	
Miguel,	Caletas,	and	Costa	de	Oro	hatcheries	were	168,	200,	and	117	nests	respectively.		

3.2.2	Maintenance	and	Monitoring	
	
The	 project	 hatcheries	 contained	nests	 for	 the	 following	 periods:	 July	 5th,	 2015	 to	 February	 20th,	
2016	(Caletas),	July	11th	to	December	26th,	2015	(Costa	de	Oro),	and	July	3rd	to	December	26th,	2015	
(San	 Miguel).	 Nests	 were	 relocated	 to	 the	 hatcheries	 in	 rounds	 of	 every	 second	 square,	 from	
northwest	 to	 southeast	 of	 the	 ocean-	 to	 land-side	 rows.	 Nests	 protected	 in	 the	 hatchery	 were	
monitored	 throughout	 the	 incubation	 period.	 After	 40	 days	 of	 incubation,	 a	 basket	 was	 placed	
around	 the	nest	 so	 the	hatchlings	would	be	 contained	upon	emergence.	 If	 an	 animal	managed	 to	
enter	 the	 hatchery	 and	 depredate	 a	 nest,	 an	 estimate	 was	 made	 of	 the	 number	 eggs	 eaten.	
Depredated	hatchlings	were	categorized	separately	as	dead	outside	nest.	
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When	the	hatchlings	emerged,	they	were	counted	and	moved	to	a	bucket.	 If	any	were	found	dead	
outside	 of	 the	 nest,	 from	 overheating	 or	 predation,	 they	 were	 recorded.	 The	 hatchlings	 were	
released	 in	 alternating	 sectors	 of	 the	 beach	 at	 least	 4	 meters	 before	 the	 tideline	 so	 they	 could	
naturally	 make	 their	 way	 to	 the	 ocean.	 When	 nests	 were	 exhumed	 all	 the	 sand	 from	 the	 egg	
chamber	was	removed	and	new	sand	was	used	to	fill	the	holes	to	avoid	future	contamination.				
	

	
Figure	 2.	 Diagram	 of	 general	 hatchery	 set-up.	 Rows	 and	
columns	 assigned	 letters	 and	numbers	 starting	 from	A1	on	
beach	NW	side.		

3.2.3	Data	Collection	and	Analysis	
	
Exhumations	were	preformed	on	the	nests	the	day	after	they	were	observed	hatching	to	determine	
the	 hatching	 success.	 	 The	 contents	 of	 the	 nest	were	 sorted	 into	 dead	hatchlings,	 live	 hatchlings,	
empty	shells,	and	un-hatched	eggs.	Un-hatched	eggs	were	opened	and	categorized	as	the	following:		
	

1. SD:	no	signs	of	development	
2. Stage	1A:	first	signs	of	blood	and	tissue	present	
3. Stage	1B:	embryo	can	be	distinguished,	but	doesn’t	have	any	pigment	
4. Stage	2:	embryo	has	pigment,	but	is	not	fully	developed	
5. Stage	3:	embryo	is	fully	developed	
6. Pipped:	embryo	has	broken	a	hole	in	the	shell,	but	hasn’t	emerged	
7. NI:	the	contents	of	the	eggs	cannot	be	identified	because	they	have	decomposed	or	maggots	

have	eaten	them.	
	
Two	different	success	rates	were	calculated.	Eclosion,	or	hatching	success,	was	 the	portion	of	 the	
hatchlings	 that	 emerged	 from	 their	 eggs.	 The	 total	 number	 of	 hatchlings	 that	 were	 encountered	
emerged	from	the	sand,	dead	outside	the	nest,	dead	inside	the	nest,	and	alive	 inside	the	nest	was	
divided	 by	 the	 eggs	 relocated.	 Release	 success	 only	 took	 into	 account	 the	 hatchlings	 that	 were	
found	 alive	 and	 released	 to	 the	 ocean.	 For	 overall	 hatchery	 success	 the	 total	 numbers	 of	 eggs	
relocated	 to	 the	 hatchery	 and	 hatchlings	 produced	 over	 the	 season	were	 used.	 For	 successes	 in	
different	sections	and	rounds	of	the	hatchery,	the	average	success	of	each	nest	was	used.	Only	data	
from	olive	ridley	nests	were	included	in	the	results	presented	in	the	Hatchery	Success	section	(4.2).	
Excavation	data	from	leatherback	and	green	nests	are	presented	separately	in	sections	4.4	and	4.5	
respectively.	
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3.3	In	Situ	Nest	Exhumations	
	
As	there	was	no	hatchery	in	Corozalito,	 in	situ	nests	were	exhumed	and	identified	using	the	same	
categorization	method	described	 in	 section	3.2.3.	 Two	nests	 per	 night	 located	during	 oviposition	
were	marked	and	identified	by	two-point	triangulation.	For	each	nest,	measurements	were	taken	of	
lines	from	the	closest	sector	markers	to	the	point	where	they	intersected	over	the	nests.	A	piece	of	
labeled	 flagging	 tape	was	 then	 inserted	 into	 each	egg	 chamber.	Nests	were	 checked	 regularly	 for	
signs	of	depredation	or	poaching,	and	after	45	days	they	were	monitored	for	signs	of	hatching.		

3.4	Dead	Turtle	Stranding	Records	
	
When	dead	sea	turtles	washed	up	on	the	beaches,	a	record	was	taken	of	the	date,	time,	beach	sector,	
species,	 curved	 carapace	 measurements,	 sex,	 and	 degree	 of	 decomposition.	 The	 turtles	 were	
examined	for	indications	of	cause	of	mortality,	such	as	injuries	from	hooks	or	nets.		

3.5	Physical	Data	Collection	
	
Precipitation	 counters	 were	 placed	 in	 the	 centers	 of	 the	 San	 Miguel	 and	 Caletas	 hatcheries	 and	
checked	daily	at	7am	and	7pm.	Daily	precipitation	levels	were	found	by	adding	the	two	measures	
taken	each	day.		
	
Onset	 HOBO	 Pendant	 temperature	 loggers	 were	 used	 to	 monitor	 nest	 temperatures	 in	 all	 three	
project	hatcheries.	The	loggers	were	sanitized	with	alcohol	and	placed	in	the	middle	of	nests.	The	
loggers	recorded	temperature	every	hour	throughout	the	entire	incubation	period.	For	the	figures	
representing	nest	temperatures,	only	every	6	hours	were	plotted.		
	
Previous	studies	with	olive	ridley	nest	 incubation	have	shown	that	 temperatures	above	35°C	and	
below	26°C	 result	 in	 increased	nest	mortality	 (Valverde	 et	 al.	 1999).	To	make	 it	 clear	when	nest	
temperatures	 increased	 above	 this	 fatal	 level,	 35°C	 was	 marked	 as	 a	 red	 line	 in	 all	 graphs.	The	
pivotal	 temperatures	 was	 assumed	 to	 be	 an	 average	 of	 30.5°C	 during	 the	 second	 trimester	 of	
incubation	(McCoy	et	al.	1983,	Wibbels	et	al.	1998).	At	pivotal	temperature	a	1:1	sex	ratio	develops.	
Above	this	temperature	more	females	develop,	and	below	this	temperature	more	males	develop.		
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4.	Results	

4.1	Olive	Ridley	Nesting	

4.1.1	Solitary	Nesting	Activity	
	
During	 the	2015	nesting	season	Caletas,	Costa	de	Oro,	San	Miguel,	 and	Corozalito	had	2171,	447,	
516	and	2923	solitary	olive	ridley	nesting	events	respectively	(Table	1).	Corozalito	had	the	highest	
level	 of	 nesting,	 with	 an	 average	 of	 18	 events	 per	 night.	 When	 taking	 into	 account	 the	 longer	
monitoring	 season,	 Caletas	 still	 had	 the	 second	 highest	 level	 of	 nesting,	with	 a	 total	 of	 1839	 (11	
events/night)	 between	 July	 and	 December.	 San	Miguel	 and	 Costa	 de	 Oro	 had	 approximately	 the	
same	level	of	nesting,	with	an	average	of	3	events	per	night.		
	

Beach	Project	 Caletas	 Costa	de	Oro	 San	Miguel	 Corozalito	
Monitoring	Duration	 26/6	–	21/2	 1/7	–	13/12	 1/7	–	13/12	 1/7	–	13/12	
Successful	Nesting	 1732	 80%	 395	 88%	 420	 84%	 2589	 89%	
Protected	 767	 44%	 288	 73%	 354	 84%	 2026	 78%	
Poached	 229	 13%	 100	 25%	 47	 11%	 142	 5%	
Depredated	 450	 26%	 1	 0%	 12	 3%	 247	 10%	
Partially	Depredated	 286	 17%	 5	 1%	 5	 1%	 174	 7%	
Unsuccessful	Nesting	 434	 20%	 44	 10%	 93	 18%	 261	 9%	
False	Crawl	 128	 29%	 26	 59%	 62	 67%	 152	 58%	
Aborted	Nest	 306	 71%	 18	 41%	 31	 33%	 109	 42%	
Unidentified	 5	 0%	 8	 2%	 3	 1%	 73	 2%	
Total	Nesting	Events	 2171	 		 447	 		 516	 		 2923	 		
Table	1.	Numbers	of	solitary	olive	ridley	nesting	events	 in	each	nesting	category	recorded	at	Caletas,	
Costa	de	Oro,	San	Miguel,	and	Corozalito	during	the	2015	monitoring	season.	

	
Despite	 their	 close	 proximity,	 nesting	 levels	 at	 the	 four	 SNP	 beaches	 generally	 oscillate	
independently	each	year,	not	showing	an	overall	 trend	(Figure	3	and	Table	S1).	The	2014	season	
was	 an	 exception	when	 all	 four	 nesting	 beaches	 saw	 the	 highest	 levels	 of	 nesting	 ever	 recorded.	
This	year	Caletas,	Costa	de	Oro,	and	San	Miguel	saw	very	similar	nesting	levels	to	last	season.	On	the	
other	hand,	there	was	a	30%	increase	in	solitary	nesting	at	Corozalito.			
	

	
Figure	 3.	 Solitary	 olive	 ridley	 nesting	 events	 recorded	 during	 monitoring	 seasons	 at	 Caletas	
(red),	Costa	de	Oro	(purple),	San	Miguel	(green,),	and	Corozalito	(blue).		
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When	comparing	nesting	between	the	beaches,	it	is	evident	that	Corozalito	has	always	had	a	much	
higher	 level	 than	 San	 Miguel	 (Figure	 3).	 In	 addition,	 it	 is	 apparent	 that	 in	 the	 four	 years	 of	
monitoring	Costa	de	Oro,	the	beach’s	nesting	levels	are	similar	to	those	at	San	Miguel.	The	nesting	
records	 from	 Caletas	 are	 not	 as	 clearly	 defined.	 Given	 that	 Caletas	 is	 always	 monitored	 for	 2-3	
months	longer	than	the	other	projects,	the	nesting	levels	were	closer	to	San	Miguel	than	Corozalito.	
However,	 the	 last	 two	 seasons	 were	 clear	 exceptions	 with	 nesting	 levels	 soaring	 up	 to	 those	 of	
Corozalito.		

4.1.2	Corozalito	Arribada	Nesting	Activity	
	
Although	the	solitary	nesting	was	higher	in	2015	than	any	other	year	monitored	at	Corozalito,	the	
total	number	of	nesting	events	was	exponentially	 lower	than	that	of	2014.	The	disparity	between	
these	 two	 trends	 is	 due	 to	 lower	 arribada	 nesting	 compared	 to	 that	 seen	 in	 the	 past	 four	 years	
(Table	2).		
	

Season	 Monitoring	
Duration	

Annual	Nesting	 Individual	Arribada	Events	
Total	 Solitary	 Arribada	 Start	Date	 Duration	 Size	 Method	

2015	 166	 3244	 2923	 321	 05/11/15	 4	 321	 EC	

2014	 132	 25286	 1918	 23368	

15/11/14	 3	 3300	 AP	
18/10/14	 5	 12900	 AP	
18/09/14	 7	 6900	 AP	
18/08/14	 3	 268	 EC	

2013	 169	 3072	 1772	 1300	 29/11/13	 3	 1300	 AP	
2012	 158	 3588	 1588	 2000	 10/11/12	 2	 2000	 E	

2011	 161	 7512	 1512	 6000	 05/01/12	 1	 1000	 A	
24/09/11	 2	 5000	 E	

2010	 167	 1883	 1763	 120	 30/10/10	 2	 120	 EC	
2009	 200	 1782	 1782	 -	 -	 -	 -	 -	

2008	 90	 3419	 1119	 2300	 Late	Nov	 3	 2000	 A	
25/09/08	 2	 300	 EC	

2007	 	 		 		 5000	 January	 2	 5000	 A	
Table	2.	Solitay	and	arribada	olive	ridley	nesting	events	recorded	at	Corozalito.	The	method	used	to	estimates	
arribada	sizes	are	Event	Count	(EC),	Arribada	Protocol	(AP),	Estimate	(E)	or	Anectotal	(A).	

	
This	season’s	lack	of	large	arribadas	contrasts	drastically	to	2014’s	four	mass-synchronous	events,	
two	of	which	were	the	largest	ever	recorded	at	Corozalito	(Table	2).	Nonetheless,	there	were	108	
nesting	events	recorded	on	the	night	of	November	7th,	and	each	of	the	three	surrounding	nights	
had	 over	 65	 nesting	 events	 (Figure	 5).	 The	 nesting	 from	 November	 5th	 to	 8th	 was	
categorized	 as	 an	 arribada	 event	 of	 321	 activities,	 which	 comprises	 10%	 of	 the	 entire	
season’s	 nesting	 activity.	 The	 small	 2015	 arribada	 event	 is	 similar	 to	 those	 observed	 in	
2008	and	2010.	

4.1.3	Poaching	and	Depredation	
	
During	 the	 2015	 season	 San	Miguel	 and	 Corozalito	 had	 the	 lowest	 portion	 of	 nests	 lost	 through	
poaching,	 with	 11%	 and	 5%	 of	 nests	 taken	 respectively	 (Table	 1).	 Since	 the	 two	 projects	 were	
started,	poaching	has	decreased	from	30%	in	San	Miguel	and	25%	in	Corozalito	(Figure	4	and	Table	
S1).	 Conversely,	 poaching	 has	 gradually	 increased	 in	 Caletas	 where	 13%	 of	 nests	 were	 taken	 in	
2015	compared	to	6%	in	2003.	Since	monitoring	started	in	Costa	de	Oro,	it	has	had	the	highest	level	
of	poaching	of	the	four	beaches,	with	about	50%	nests	taken	in	the	first	three	seasons.	However,	a	
decrease	was	finally	achieved	this	season	with	25%	poached.		
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Neither	San	Miguel	nor	Costa	de	Oro	experienced	significant	egg	loss	due	to	depredation,	which	is	
consistent	 with	 past	 seasons	 (Figure	 4).	 Dogs	 were	 responsible	 for	 the	 few	 nests	 that	 were	
depredated	at	these	two	developed	beaches.	On	the	other	hand,	depredation	is	a	problem	in	Caletas,	
mostly	because	of	 large	raccoon	population.	This	season	26%	of	nests	were	completely	destroyed	
and	17%	were	partially	depredated	(Table	1).	The	uneaten	eggs	 in	 the	 latter	nests	were	poached	
(3%),	relocated	to	the	hatchery	(4%),	or	left	on	the	beach	(9%).		
	

	
Figure	4.	Poaching	and	depredation	levels	recorded	during	past	monitoring	seasons	at	Caletas	(red),	Costa	
de	Oro	(purple),	San	Miguel	(green),	and	Corozalito	(blue).	

	
Nest	depredation	is	also	a	large	source	of	egg	loss	in	Corozalito,	but	without	a	hatchery	it	is	harder	
to	quantify.	Because	nests	are	left	in	situ	at	this	beach,	not	only	are	freshly	laid	nests	targeted,	but	
also	nests	in	late	incubation	when	the	eggs	are	hatching.	During	morning	censuses,	10%	and	7%	of	
freshly	laid	nests	were	found	fully	and	partially	depredated	respectively	(Table	1).	In	addition,	10%	
of	triangulated	nests	were	found	depredated	when	hatchlings	were	due	to	emerge	from	the	nests.	
Finally,	 the	 42%	 of	 triangulated	 nests	 never	 found	 were	 likely	 primarily	 lost	 to	 late-stage	
depredation.	Therefore,	total	nest	depredation	at	Corozalito	was	at	least	23%,	but	could	be	as	high	
as	60%.			

4.1.4	Time	Distribution	of	Nesting	in	Relation	to	Moon	Phase	and	Precipitation	
	
Overall	 the	 2015	 olive	 ridley	 nesting	 season	was	 late	 both	 in	 getting	 started	 and	 reaching	 peak	
activity.	 Nesting	 levels	 remained	 low	 in	 July,	 started	 to	 increase	 in	 August,	 and	 didn’t	 peak	 until	
October	and	November	(Figures	5	&	6).	This	is	quite	different	from	2014’s	early	season,	which	was	
characterized	 by	 increasing	 activity	 in	 July	 and	 peak	 levels	 from	 August	 through	 November.	
Although	nesting	started	to	decrease	in	December,	it	still	hadn’t	reached	off-season	base	levels	seen	
in	 July.	 In	 Caletas,	 where	 monitoring	 continued	 until	 mid-February,	 nesting	 levels	 decreased	 to	
these	levels	after	the	first	week	of	January.			
	
A	 remarkable	 trend	observed	during	 the	2015	 season	was	 the	 synchrony	of	nesting	 levels	 at	 the	
four	 nesting	 beaches.	 Unlike	 past	 seasons,	 when	 nesting	 activity	 oscillated	 independently	 and	
unpredictably,	all	four	beaches’	nesting	activity	was	highest	in	November.	Three	of	the	beaches	had	
their	peak	nights	of	nesting	within	the	same	week:	Corozalito	on	Nov	7th	(108	events),	Caletas	on	
Nov	1th	 (35	events),	 and	San	Miguel	Nov	2nd	 and	5th	 (13	events).	Costa	de	Oro’s	peak	night	of	15	
events	occurred	2	weeks	later	on	Nov	17th	(Figure	5).	
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Figure	5.	Daily	number	of	 nesting	 activities	 from	August	 1st	 to	December	10th,	 2015.	Number	of	 nesting	
events	graphed	on	primary	y-axis	(colored,	line-chart).	Precipitation	graphed	on	secondary	y-axis	in	black	
columns	 for	 Caletas	 (B)	 and	 San	Miguel	 (C).	Moon	 phase	 labeled	 at	 top	 and	 shaded	 in	 grey	 columns	 in	
background.	
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Figure	 6.	 Number	 of	 olive	 ridley	 nesting	 events	 during	 the	 week	 of	 each	 moon	 phase	 over	 the	 2015	
nesting	season.	Number	of	nesting	events	graphed	on	primary	y-axis	(colored,	line-chart.)	Precipitation	
graphed	on	secondary	y-axis	in	black	columns	for	Caletas	(B)	and	San	Miguel	(C).	Moon	phase	labeled	at	
top	and	shaded	in	grey	columns	in	background.		
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In	 addition	 to	 peaking	 in	 synchrony,	 a	 clear	 pattern	 emerged	 of	 highs	 and	 lows	 occurring	 at	 the	
beginning	 and	 end	 of	 each	 month,	 respectively	 (Figure	 6).	 This	 timing	 coincided	 with	 the	 last	
quarter	and	full	moon	phases.	When	nesting	events	of	all	the	projects	were	grouped	into	the	weeks	
around	the	four	moon	phases,	63%	of	the	season’s	nesting	occurred	around	the	last	quarter	moon,	
while	22%	took	place	on	the	full	moon.	The	new	and	first	quarter	phases	each	had	35%	of	the	total	
nesting	activity.	Although	the	pattern	was	clearest	at	Corozalito,	it	could	be	seen	at	all	four	projects	
with	a	few	exceptions,	such	as	the	first	week	of	October	in	Caletas.	
	
The	strongest	El	Niño	event	in	recorded	history	occurred	from	March	2015	to	2016.	This	resulted	
in	 44%	 less	 than	 average	 annual	 rainfall	 in	 the	 northern	 Pacific	 coast	 (Poleo	 2015).	 The	 highest	
rainfall	didn’t	occur	until	 the	 third	week	of	November	–	 two	weeks	after	peak	nesting	(Figure	5).	
Although	 there	was	 low	precipitation	 throughout	 the	 nesting	 season,	 it	 didn’t	 appear	 to	 have	 an	
impact	on	the	peaks	of	nesting.		

4.1.6	Biometric	Data	
	
Olive	ridley	curved	carapace	measurements	and	clutch	sizes	recorded	in	2015	were	consistent	with	
those	 of	 2014	 (Table	 3)	 and	 2013	 (not	 shown).	 The	 data	 was	 also	 constant	 between	 the	 four	
beaches,	 with	 average	 curved	 carapace	 lengths	 of	 64.7	 and	 widths	 of	 69.4	 cm.	 Among	 the	 four	
beaches	the	CCL’s	ranged	between	55.5	and	74.0	cm,	and	the	CCW’s	ranged	between	61.0	and	82.0	
cm.	Standard	deviation	for	the	length	of	width	of	the	four	projects	was	3	cm.	
	

	Meas.	
2015	 2014	

Caletas	 Costa	de	Oro	 San	Miguel	 Corozalito	 All	 All	
CCL	 64.4	 (481)	 64.9	 (155)	 64.3	 (206)	 64.8	 (1416)	 64.7	 (2258)	 64.7	 (2380)	
CCW	 69.2	 	 69.9	 	 69.0	 	 69.5	 	 69.4	 	 68.9	 	
Eggs	 93	 (614)	 94	 (238)	 91	 (343)	 90	 (159)	 92	 (1354)	 94	 (1494)	

Table	 3.	 Average	 curved	 carapace	 lengths	 (CCL)	 and	 widths	 (CCW),	 and	 clutch	 size	 of	 olive	 ridley	 nesters	
during	the	2015	and	2014	monitoring	seasons.	Measures	in	cm.	Numbers	in	brackets	are	sample	sizes.		

	
The	average	clutch	size	of	the	four	projects	was	92	eggs,	with	a	standard	deviation	of	18	eggs	(Table	
3).	 There	were	 3	 ridleys	 that	 laid	 clutches	 of	 fewer	 than	 10	 eggs.	 All	 three	 spent	 a	 long	 time	 in	
oviposition,	and	likely	had	problems	with	their	reproductive	systems.	The	largest	clutch	of	160	eggs	
was	laid	in	Costa	de	Oro	by	a	large	olive	ridley	measuring	73	cm	CCL	by	82	cm	CCW.	This	clutch	was	
later	found	to	be	fertile,	with	an	incredible	142	eggs	that	hatched.		

4.1.7	Tagging	Data	
	
During	 the	 2015	 nesting	 season	 olive	 ridleys	were	 encountered	 in	 40%	 of	 the	 recorded	 nesting	
events,	with	 San	Miguel	 and	Corozalito	having	higher	 encounter	 rates	 (Table	4).	Of	 these	 turtles,	
1134	were	tagged,	118	were	encountered	with	previous	tags,	and	1165	were	left	untagged.	Because	
of	 higher	nesting	 levels,	 over	 twice	 as	many	 turtles	were	 tagged	 at	 Caletas	 and	Corozalito	 as	 the	
other	beaches,	and	the	majority	of	turtles	left	untagged	occurred	at	these	two	beaches.		
	

Beach	Project	 Caletas	 Costa	de	Oro	 San	Miguel	 Corozalito	 ALL	
Seen	 580	 27%	 158	 35%	 229	 44%	 1450	 50%	 2417	 40%	
Tagged	 393	 68%	 130	 82%	 174	 76%	 437	 30%	 1134	 47%	
Recaptured	 24	 4%	 8	 5%	 25	 11%	 61	 4%	 118	 5%	
Seen	Untagged	 163	 28%	 20	 13%	 30	 13%	 952	 66%	 1165	 48%	

Unseen	 1591	 73%	 289	 65%	 287	 56%	 1473	 50%	 3640	 60%	
Total	Events	 2171	 		 447	 		 516	 		 2923	 		 6057	 		
Table	4.	Encounter	and	tagging	rate	of	nesting	turtles	during	the	2015	nesting	season.	



PRETOMA	2015	Report:	SNP	Sea	Turtle	Nesting	Beach	Conservation	Projects	 17	

	

	
Ninety	(8%)	of	the	turtles	tagged	in	2015	were	seen	renesting	(Table	5).	The	recapture	rates	were	
twice	 as	 high	 in	 San	 Miguel	 and	 Corozalito	 than	 the	 other	 two	 beaches.	 An	 additional	 nineteen	
ridleys	were	seen	 that	had	been	 tagged	 in	previous	seasons.	The	oldest	of	 these	had	been	 tagged	
three	 years	 earlier	 (n=3),	 and	 the	 majority	 was	 from	 the	 previous	 season	 (n=13).	 Finally,	 nine	
turtles	were	encountered	that	had	been	tagged	by	other	organizations	at	Refugio	Romelia	(40	km	
SE	from	Caletas),	Camaronal	(7	km	NW	from	Corozalito),	and	Ostional	(60	km	NW	from	Caletas).	
	

Beach	Project	 Caletas	 Costa	de	Oro	 San	Miguel	 Corozalito	 All	
5%	 5%	 11%	 11%	 8%	

Renesting	Events	 18	 75%	 6	 75%	 19	 76%	 47	 77%	 90	 76%	
Remigration	Events	 2	 8%	 2	 25%	 6	 24%	 9	 15%	 19	 16%	
Tagged	by	Other	Org.	 4	 17%	 -	 -	 -	 -	 5	 8%	 9	 8%	
Total	Recapture	Events	 24	 		 8	 		 25	 		 61	 		 118	 		

Table	5.	Recapture	events	from	the	2015	nesting	season.	Portion	of	turtles	recaptured	that	were	tagged	in	
2015	is	listed	under	the	project	heading.	

	
The	distances	between	where	the	turtles	were	tagged	and	recaptured	were	remarkably	small:	59%	
nested	 twice	 within	 500	 meters,	 and	 27%	 between	 500	 meters	 and	 1	 kilometer	 (Figure	 7A).	
However,	some	individuals	were	seen	renesting	at	distances	up	to	60	km	along	the	coast.		
	
The	 renesting	 turtles	 predominantly	 nested	 twice	 during	 the	 season,	 with	 one	 exception	 of	 an	
individual	that	nested	3	times	at	Corozalito.	The	average	internesting	period	was	20	days,	with	the	
most	frequent	intervals	between	15	and	19	days	(Figure	7B).	There	were	four	turtles	that	renested	
after	more	than	a	month,	at	37,	41,	and	53	days.	
	

	
Figure	7.	 	 Frequency	distribution	of	 (A)	 the	distance	between	 recapture	 events	 and	 (B)	 interesting	periods.	
Positive	and	negative	distances	represent	recaptures	to	the	North,	and	South	respectively.			

4.2	Olive	Ridley	Hatching	Success	

4.2.1	Caletas,	Costa	de	Oro	and	San	Miguel	Project	Hatcheries	
	
During	the	2015	season	PRETOMA	beach	project	hatcheries	protected	a	total	of	1109	olive	ridley	
nests	 and	 produced	 74054	 hatchlings.	 The	 most	 nests	 were	 protected	 in	 the	 Caletas	 hatchery	
because	 of	 the	 higher	 nesting	 activity	 and	 longer	 monitoring	 season	 (Table	 6).	 The	 659	 nests	
protected	at	Caletas	was	a	40%	increase	in	relocated	nests	from	the	2014	season,	and	the	second	
highest	number	ever	moved	to	 this	hatchery.	San	Miguel	and	Costa	de	Oro	had	about	75	 less	and	
more	nests	 relocated	 to	 the	hatcheries	 than	 last	 season,	 respectively.	One	 reason	 for	 the	 reverse	
changes	was	the	variations	in	durations	when	nests	were	moved	to	the	hatcheries.	Lower	nesting	
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numbers	at	San	Miguel	and	higher	participation	numbers	at	Costa	de	Oro	also	had	an	effect.	Caletas	
and	San	Miguel	had	the	same	hatchery	success	of	81%	hatchlings	eclosed,	while	Costa	de	Oro’s	was	
much	lower	at	67%.			
	

Month	of	
Relocation	

Caletas	 San	Miguel	 Costa	de	Oro	
Days	 Success	 Nests	 Days	 Success	 Nests	 Days	 Success	 Nests	

July	 47	 84%	 102	 46	 78%	 35	 48	 19%	 22	
August	 47	 89%	 110	 47	 67%	 56	 46	 40%	 50	
September	 49	 87%	 80	 50	 85%	 60	 49	 83%	 41	
October	 49	 87%	 136	 54	 87%	 96	 50	 87%	 64	
November	 51	 75%	 67	 	 	 		 49	 86%	 26	
December	 48	 70%	 77	 	 	 		 	 	 		
January	 45	 58%	 11	 	 	 		 	 	 		
Not	Excavated	 		 		 76	 		 		 		 		 		 		
All	 49	 81%	 659	 50	 81%	 247	 49	 67%	 203	

Table	 6.	 Hatchery	 eclosion	 success	 rates	 at	 Caletas,	 San	 Miguel,	 and	 Costa	 de	 Oro.	 Days	 of	 incubation,	
eclosion	rates,	and	numbers	of	nests	are	shown	for	the	nests	relocated	each	month	between	July	2015	and	
January	2016.	

	
The	eclosion	rate	of	Caletas	was	the	highest	ever	achieved	at	the	project’s	hatchery	(Figure	8).	This	
was	 likely	 a	 result	 of	 the	hatchery	being	 shaded	 for	 the	 entire	 season,	which	 lowered	 incubation	
temperatures	 below	 fatal	 levels.	 The	 eclosion	 rate	 decreased	with	 the	 onset	 of	 the	 dry	 season	 in	
December	(Table	6).	Unfortunately	the	project	had	to	close	1.5	months	early	due	to	uncontrollable	
circumstances,	and	76	nests	were	in	the	hatchery	at	this	time.	Although	the	coast	guard	visited	the	
project	 nightly	 to	 release	 hatchlings,	 raccoons	 depredated	 the	majority	 of	 the	 nests.	 These	 nests	
weren’t	excavated	or	included	in	the	analysis	of	eclosion	success	
	

	
Figure	8.		Hatchery	eclosion	rates	at	Caletas,	Costa	de	Oro,	and	San	Miguel	since	the	2003.		

	
The	 low	 eclosion	 seen	 at	 San	 Miguel	 and	 Costa	 de	 Oro	 in	 July	 and	 August	 was	 the	 result	 of	
unsuitable	 sand	 conditions	 due	 to	 low	 precipitation	 (Table	 6).	 A	 mesh	 roof	 was	 applied	 at	 San	
Miguel	on	September	19th	 to	supply	shading,	after	which	hatchling	production	radically	 improved	
from	67%	to	85%.	Likewise,	mesh	applied	to	the	Costa	de	Oro	hatchery	the	first	week	of	September	
raised	success	 from	19%	and	40%	to	above	80%.	The	more	severe	El	Niño	effect	at	Costa	de	Oro	
than	 San	 Miguel	 may	 have	 been	 from	 differences	 in	 shading	 and	 sand	 composition.	 Palm	 trees	
surrounding	 the	 San	 Miguel	 hatchery	 offer	 shade	 for	 early	 morning	 and	 late	 afternoon	 hours,	
whereas	the	Costa	de	Oro	hatchery	has	one	scrawny	almond	tree	that	doesn’t	give	very	much	shade.	
Also,	the	sand	in	Costa	de	Oro	appeared	to	have	a	denser	quality	than	that	of	San	Miguel.		
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4.2.2	Corozalito	In	Situ	Nest	Success	
	
Of	the	101	solitary	olive	ridley	nests	triangulated,	23	were	poached	or	depredated	within	a	day,	and	
another	 10	 were	 depredated	 when	 hatching.	 Forty-two	 nests	 weren’t	 found,	 likely	 due	 to	
depredation,	poaching,	 inundation,	or	 faulty	 triangulation.	 In	addition,	many	nests	were	observed	
being	dug	up	by	later	nesting	turtles	due	to	the	high	nest	density	at	Corozalito.	
	
The	remaining	26	nests	were	excavated.	Only	13	of	these	excavated	nests	were	found	intact,	with	
less	 than	10	extra	or	missing	eggs.	The	13	 intact	nests	had	an	average	 success	 rate	of	32%,	with	
only	4	nests	of	over	70%	hatched.	In	addition,	the	13	nests	that	had	been	disturbed	were	found	to	
contain	mostly	un-hatched	eggs	that	had	halted	in	development	at	various	stages.	Excavation	data	
from	2014	 found	much	 better	 rates	 of	 nest	 development,	with	 all	 14	 intact	 nests	 having	 success	
rates	over	70%.	Although	both	sample	sizes	are	 low,	hatchling	observations	appeared	 to	 support	
the	findings	of	a	lower	hatching	success	in	2015.	In	previous	years	mass	hatchling	emergence	has	
been	observed	6	weeks	 after	 arribadas	or	peak	nesting,	whereas	 this	 season	very	 little	hatchling	
activity	was	seen.		

4.3	Other	Nesting	Species	

4.3.1	Hawksbills	at	Corozalito	
	
Two	 individual	 hawksbills	 nested	 in	 Corozalito	 at	 the	 beginning	 of	 the	 2015	 season	 (Table	 S2).	
These	were	extraordinary	events,	as	hawksbills	have	never	been	encountered	nesting	at	Corozalito	
by	 PRETOMA.	 The	 first	 hawksbill	 nested	 on	 the	 night	 of	 July	 6th,	 laying	 131	 eggs.	 Her	 carapace	
measured	 75	 cm	 in	 length	 and	 60	 cm	 in	width.	Her	 flippers	 didn’t	 indicate	 evidence	 of	 previous	
tags.	The	second	hawksbill	nested	on	July	19th,	laying	107	eggs.	Her	carapace	was	the	same	width,	
but	about	8	cm	shorter.	She	had	been	tagged	in	Camaronal,	but	the	date	of	tagging	is	unknown.	The	
hatching	success	of	the	relocated	nest	was	55%,	with	the	majority	of	the	un-hatched	eggs	showing	
various	stages	of	development.		

4.3.2	Leatherback	at	Caletas	
	
This	season	leatherback	nesting	occurred	at	Caletas	for	the	first	time	in	four	years	(Table	S2).	The	
curved	carapace	length	and	width	measured	150	cm	by	131	cm,	and	didn’t	have	metal	flipper	tags	
or	PIT	tags.		The	leatherback	visited	the	beach	17	times	between	October	23rd	and	January	8th.		All	
but	 one	 nesting	 event	 occurred	 Southeast	 of	 sector	 29.	 She	 successfully	 laid	 nine	 nests	 with	
interesting	periods	of	8	or	9	days.		
	
Four	nests	were	relocated	to	the	hatchery	and	successfully	produced	hatchlings	with	eclosion	rates	
of	 79%,	 74%,	 67%,	 and	 37%,	 consecutively.	 The	 decreasing	 success	 rates	were	 likely	 due	 to	 the	
progressively	 hotter	 sand	 temperatures	 brought	 on	 by	 the	 dry	 season.	 The	 remaining	 five	 nests	
were	left	in	situ,	of	which	three	were	located	and	excavated.	All	three	nests	showed	various	stages	
of	development,	but	no	eggs	survived	to	full	term.	This	failure	to	produce	hatchings	was	likely	due	
to	the	high	temperatures	on	the	beach	caused	by	extreme	El	Niño	conditions.			

4.3.3	Greens	at	Caletas	and	Corozalito	
	
During	 the	 2015	 nesting	 season	 23	 green	 turtle	 events	 were	 recorded:	 17	 at	 Caletas	 and	 5	 at	
Corozalito	 (Table	S2).	 	The	nesting	events	at	Caletas	appeared	 to	be	 from	two	 individuals,	one	of	
which	successfully	laid	five	nests	and	the	other	two	nests.	Six	nests	were	relocated	to	the	hatchery	
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and	produced	hatchlings	at	incredibly	high	eclosion	rates	above	84%.	Two	of	the	nests	had	eclosion	
rates	of	100%	and	99%.	Although	three	of	the	Corozalito	events	resulted	in	successful	nesting,	the	
nests	 weren’t	 found	 for	 triangulation.	 In	 January	 and	 February,	 after	 PRETOMA	 had	 finished	
monitoring	the	beach,	locals	at	Corozalito	reported	a	high	incidence	of	green	nesting	events.		

4.6	Turtle	Strandings	
	
A	total	of	19	olive	ridley	turtles	were	stranded	on	the	project	beaches	during	the	2015	season,	all	of	
which	were	 dead	when	 they	washed	 up.	 This	 level	 is	 constant	 to	 last	 season’s	 18,	maintaining	 a	
promising	decrease	 from	 the	39	 turtles	 stranded	 in	 the	2013	 season.	Fourteen	of	 the	 stranding’s	
occurred	in	August	and	September.	There	were	6,	4,	6,	and	2	turtles	found	on	the	beaches	of	Caletas,	
Costa	de	Oro,	San	Miguel,	and	Corozalito,	respectively.	There	appeared	to	be	an	even	proportion	of	
male	and	 female	stranding,	although	there	could	have	been	error	 is	sex	determination	due	 to	 the	
swelled	state	of	the	corpses.	

5.	Discussion	

5.1	Improving	the	Volunteer	Program	
	
When	interpreting	the	results	from	the	PRETOMA	sea	turtle	conservation	beach	projects,	one	of	the	
most	important	factors	to	consider	is	that	every	year	the	work	is	conducted	by	different	voluntary	
participants.	Efforts	are	made	to	keep	protocols	constant	through	training	and	supervision,	but	the	
accuracy	 of	 the	 work	 depends	 on	 the	 integrity	 and	 skill	 of	 the	 participants.	 Conducting	 surveys	
nightly	 is	 demanding	 and	 requires	 participants	 to	 be	 responsible	 and	 hardworking.	 A	 known	
instance	when	fewer	beach	surveys	were	conducted	because	of	the	lack	of	initiative	and	discipline	
was	 the	Caletas	2013	season,	which	 resulted	 in	 lower	 recorded	nesting	 (Figure	3).	 In	addition,	 it	
takes	years	of	practice	to	perfectly	develop	the	skills	required	for	finding	nesting	events	in	dark	and	
rainy	conditions,	identifying	the	correct	nesting	category,	and	locating	an	egg	chamber	with	a	stick.	
To	minimize	errors	made	by	inexperienced	research	assistants,	a	priority	has	been	made	in	the	last	
couple	of	years	to	find	at	least	two	permanent	local	patrol	guides	for	each	of	the	projects’	research	
teams.			
	
Relying	 on	 a	 volunteer	 workforce	 also	 makes	 the	 projects	 susceptible	 to	 fluctuating	 participant	
numbers,	 which	 can	 vary	 drastically	 depending	 on	 factors	 such	 as	 the	 economy	 and	 marketing	
capabilities.	When	there	are	low	volunteer	numbers	fewer	patrols	can	be	conducted.	Also,	morning	
censuses	 are	 often	 sacrificed	 because	 relocating	 nests	 to	 the	 hatchery	 during	 night	 patrols	 is	
priority.	 As	 a	 result,	 more	 nesting	 events	 are	 likely	 missed	 and	 instances	 of	 depredation	 and	
poaching	go	unrecorded.	Obvious	examples	of	years	that	low	volunteer	numbers	influenced	results	
were	at	San	Miguel	in	2008	and	2009	(Figure	3).		
	
For	the	last	two	seasons	Turtle	Trax	S.A.	has	taken	over	the	volunteer	and	internship	programs	for	
the	 PRETOMA	 projects,	which	 has	 resulted	 in	 boosted	 participation	 numbers,	 improved	 training	
and	focus	on	stricter	supervision.	It	is	likely	this	has	improved	both	the	quantity	and	overall	quality	
of	the	data	recorded.	It	has	certainly	helped	to	double	the	recapture	rate	of	tagged	turtles	from	4%	
in	2013	to	8%	this	season,	which	is	valuable	data	given	a	large	part	of	the	project	budget	goes	into	
the	tagging	study	(Table	5).	A	more	direct	 influence	that	 increased	participation	levels	has	on	the	
projects	 is	 the	 ability	 to	 increase	 the	 number	 of	 nests	 relocated	 to	 the	 hatchery.	 This	 effect	was	
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clearly	 visible	 this	 season	 in	 the	 decreased	 poaching	 at	 Costa	 de	Oro	 and	 depredation	 at	 Caletas	
(Figure	4).	

5.2	Extreme	El	Niño		
	
The	effects	of	2015’s	record	breaking	El	Niño	event	were	dramatic	–	precipitation	was	44%	below	
the	 annual	 average	 and	 temperatures	 soared	 above	 average	 (Poleo	 2015).	 Although	 this	 caused	
nest	fatality	early	in	the	season	at	San	Miguel	and	Costa	de	Oro	when	sand	temperatures	rose	above	
fatal	 levels,	 applying	mesh	 roofing	effectively	 solved	 the	problem	(Table	6).	Roof	application	was	
delayed	until	nest	temperature	and	eclosion	data	could	be	collected	because	careful	monitoring	is	
necessary	to	achieve	the	small	window	of	suitable	incubation	temperatures	between	27°C	and	35°C	
(Valverde	 &	 Gates	 1999).	 Manipulating	 hatchery	 conditions	 is	 a	 delicate	 process,	 which	 was	
demonstrated	when	shading	applied	to	the	Costa	de	Oro	hatchery	in	2014	caused	temperatures	to	
drop	too	much.		
	
On	the	other	hand,	roofing	was	applied	to	the	Caletas	hatchery	for	the	entire	season	because	past	
years	 of	 temperature	 monitoring	 have	 shown	 shading	 is	 required	 for	 the	 beach’s	 darker	 sand	
composition,	 which	 is	 more	 sensitive	 to	 dry	 conditions.	 As	 a	 result,	 the	 Caletas	 hatchery	 didn’t	
experience	the	early	season	developmental	failure	seen	at	the	other	hatcheries	(Table	6).	However,	
even	with	shading,	the	sand	became	too	dry	to	support	incubation	after	December.	Therefore,	mesh	
roofing	 is	 a	 temporary	 solution,	 and	 isn’t	 sufficient	 to	 counteract	 long-lasting	draughts	 if	 El	Niño	
events	continue	to	get	more	severe	with	future	climate	change.		
	
The	most	alarming	consequence	of	El	Niño	this	year	was	that	sand	temperatures	appeared	to	be	too	
high	 for	 in	 situ	 nest	 development	 at	 Corozalito	 (Beange	 &	 Arauz	 unpublished	 data	 2015).	 In	
addition,	 none	 of	 the	 leatherback	 nests	 left	 in	 situ	 at	 Caletas	 developed	 to	 full	 term.	 Although	
hatchery	manipulation	 can	be	an	effective	 short-term	and	 small-scale	 solution,	 it	 doesn’t	 address	
the	frightening	possibility	that	if	global	warming	persists	then	sea	turtle	nesting	beaches	will	cease	
to	 support	 egg	 development.	 Avoiding	 this	 fate	 will	 require	 an	 international	 effort	 to	 adapt	
alternative	energy	sources	and	increase	environmental	protection.	
	
An	 interesting	 result	 this	 season	was	 the	 uniform	 trend	 of	 the	 four	 PRETOMA	 projects	 showing	
increased	 olive	 ridley	 nesting	 activity	 during	 the	 final	 quarter	moon	 phases.	 In	 the	 past,	 nesting	
activity	fluctuation	of	the	beaches	hasn’t	aligned	and	the	only	apparent	effect	of	the	lunar	cycle	was	
lower	nesting	during	the	full	moon.	Remarkably,	when	our	results	were	shared	with	the	Corcovado	
Foundation’s	 Osa	 Peninsula	 projects,	 the	 same	 trend	 appeared	 at	 Rio	 Oro	 (James	 et	 al	 2016).	
Perhaps	the	element	associated	with	the	third	moon	phase	that	stimulates	olive	ridley	nesting,	such	
as	the	tide	schedule	or	current	change,	is	overridden	by	heavy	rainfall.	That	would	explain	why	the	
moon	phase	cue	would	be	more	effective	in	El	Niño	conditions.	As	of	the	date	of	this	writing	in	May	
2016,	 the	 weather	 had	 shifted	 to	 opposite	 La	 Niña	 conditions.	 If	 the	 phenomenon	 continues	 as	
predicted,	 the	 2016	 nesting	 season	 will	 bring	 heavy	 rain	 and	 it	 will	 be	 interesting	 to	 see	 if	 the	
“moon	phase	effect”	is	eliminated.		

5.3	Where	do	the	Corozalito	Arribada	Turtles	Go?	
	
After	 Corozalito’s	 record-breaking	 arribada	 nesting	 in	 2014,	 this	 year	 was	 a	 disappointment	 –	
especially	 for	 the	 research	 team	 that	 had	 eagerly	 trained	 to	 use	 the	 alternative	 survey	 protocol	
(Table	 2).	 This	 fluctuation	 between	 years	 seems	 to	 be	 a	 defining	 feature	 of	 Corozalito’s	 unique	
nesting	 dynamics.	 After	 locals	 reported	 massive	 events	 in	 2007	 and	 2008,	 there	 was	 nearly	 no	
arribada	nesting	in	the	following	two	years.	Considering	that	most	olive	ridleys	remigrate	annually,	



PRETOMA	2015	Report:	SNP	Sea	Turtle	Nesting	Beach	Conservation	Projects	 22	

	

an	important	question	that	emerges	from	these	findings	is	where	do	the	thousands	of	olive	ridleys	
that	participate	in	Corozalito	arribadas	go	during	years	of	no	mass-nesting	activity?		
	
One	 possibility	 is	 that	 olive	 ridleys	 remigrate	 to	 Ostional	 to	 nest	 in	 the	 arribadas	 closest	 to	
Corozalito.	Alternatively,	 they	could	be	returning	 to	beaches	 in	 the	SNP	area	 to	nest	solitarily.	No	
published	studies	have	found	a	direct	connection	between	arribada	and	solitary	nesting	beaches	to	
support	 the	 latter	 theory.	However,	 25	 turtles	were	 encountered	during	 the	 2014	 arribadas	 that	
had	 been	 tagged	 while	 previously	 nesting	 solitarily	 both	 at	 Corozalito,	 and	 other	 SNP	 beaches	
(Beange	 et	 al	 2016,	 unpublished	 data).	 To	 continue	 studying	 olive	 ridleys’	 complex	 reproductive	
behaviors,	PRETOMA	has	purchased	400	tags	 for	 future	arribada	nesting	turtles.	Also,	 the	Riester	
Foundation	has	 increased	 this	year’s	grant	 to	keep	 the	project	open	until	 the	end	of	February,	 in	
case	any	future	arribadas	occur	in	January.	

5.4	The	Uncertain	Future	of	a	Growing	Nesting	Beach	
	
In	 the	 last	 two	 seasons	 the	Caletas	nesting	 activity	 levels	 have	been	 surprisingly	higher	 than	 the	
first	decade	of	monitoring	the	beach	(Figure	3).	This	could	imply	that	the	eastern	Pacific	olive	ridley	
nesting	 population	 is	 growing	 after	 two	 decades	 of	 conservation	 efforts	 by	 PRETOMA	 and	 other	
organizations	in	the	area.	Yet	the	stable	nesting	levels	at	San	Miguel	and	Costa	de	Oro	and	constant	
carapace	measurements	 (Table	 3)	 do	 not	 indicate	 a	 new	 cohort	 of	 younger	 reproductive	 turtles.	
Perhaps	 turtles	 are	 attracted	 to	 the	 Caletas	 Refuge’s	 unlit	 beach,	 compared	 to	 the	 growing	 light	
pollution	at	San	Miguel	and	Costa	de	Oro.	Alternatively,	 the	toxic	rice	agriculture	operating	 in	the	
wetlands	behind	Caletas	before	2012	could	have	negatively	impacted	local	nesting	activity	levels.	
	
Although	Caletas	is	designated	as	a	refuge,	PRETOMA	does	not	have	support	of	a	park	ranger	and	
thus	predation	and	poaching	threats	have	grown.	Unfortunately	the	remote	location	and	neglected	
state	of	the	access	roads	make	it	impossible	for	the	under-equipped	local	police	and	coastguard	to	
provide	 sufficient	 security	 for	 project	 volunteers.	 Therefore	 PRETOMA	 and	Turtle	 Trax	 S.A.	 have	
decided	 to	 close	 the	project	 until	MINAE	 and	 the	public	ministry	 of	 security	 can	provide	 enough	
support.			

5.5	PRETOMA’s	Effective	Community	Focused	Approach		
	
When	 PRETOMA	 started	 in	 San	 Miguel	 18	 years	 ago,	 the	 mission	 was	 to	 use	 a	 long-term,	
community-based	method	to	tackle	the	tradition	of	egg	poaching.	The	organization	worked	hard	to	
create	 positive	 relationships	 with	 the	 community	 by	 conducting	 environmental	 education	 and	
employing	 as	 many	 locals	 as	 possible	 in	 the	 project’s	 eco-tourism	 program.	 This	 has	 been	 a	
challenging	and	delicate	process,	as	was	seen	in	2011	when	poaching	spiked	because	of	a	conflict	
with	the	local	poachers.	However	there	has	been	a	gradual	shift	over	the	years	in	the	community’s	
attitude	 towards	poaching,	and	most	of	 the	 local	 families	have	stopped	 the	practice.	This	method	
was	 also	 successful	 with	 the	 community	 of	 Corozalito,	 and	 the	 majority	 of	 the	 poaching	 that	
remains	is	by	people	from	out	of	town.		
	
Unfortunately	the	changes	have	been	isolated	to	the	beach	communities	and	although	Costa	de	Oro	
neighbors	 San	 Miguel,	 extensive	 poaching	 persisted	 for	 the	 project’s	 first	 three	 seasons.	
Nevertheless,	 PRETOMA	 persevered	 and	 progress	 was	 finally	 made	 this	 year.	 The	 coordinator	
successfully	engaged	local	community	members	 in	educational	activities,	and	thanks	to	a	growing	
volunteer	program	more	locals	have	been	employed	with	the	project.	Heavy	poaching	continues	on	
the	beach,	but	with	more	years	PRETOMA	 is	optimistic	 the	same	results	will	be	achieved	here	as	
seen	in	the	other	projects.		
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5.6	Rare	Sightings	of	Critically	Endangered	Species	
	
During	 the	2015	 season	one	 leatherback	nested	nine	 times	 in	Caletas	 and	 two	hawksbills	 nested	
one	 time	 each	 at	 Corozalito.	 Although	 rare,	 these	 sightings	 are	 important	 because	 the	 eastern	
Pacific	population	of	the	two	species	are	critically	endangered	and	will	only	survive	with	rigorous	
conservation	efforts.	To	protect	as	many	of	the	leatherback	nests	as	possible	by	relocating	them	to	
the	 hatchery,	 participants	 were	 recruited	 from	 other	 projects	 so	 patrols	 could	 be	 conducted	
throughout	 the	 night.	 In	 addition,	 a	 PIT	 tag	 scanner	 was	 borrowed	 from	 the	 Leatherback	 Trust	
Playa	Grande	project	to	check	for	ID.	After	many	failed	attempts	to	catch	the	elusive	turtle	while	she	
was	 nesting,	 the	 research	 team	 scanned	 her	 and	 found	 that	 she	 was	 not	 tagged.	 Hopefully	 this	
means	she	is	a	young	female	who	has	recently	joined	the	small	reproductive	population.	Although	
there	currently	 isn’t	 a	photo-ID	database	 for	 this	population,	pictures	were	carefully	 taken	of	 the	
pink	spot	on	the	top	of	the	head	in	case	one	is	produced	in	the	future.		
	
The	status	of	the	endangered	Eastern	Pacific	Green	turtles	is	not	as	dire	and	high	nesting	numbers	
have	been	found	at	isolated	beaches	in	northern	Costa	Rica,	such	as	Isla	San	Jose,	which	gets	over	
700	 nests	 per	 year	 (Fonseca	 et	 al.	 2013).	 The	 greens	 visiting	 the	 PRETOMA	 beaches	 are	 likely	
stragglers	from	this	nesting	population.	In	future	seasons	of	the	project	it	would	be	useful	to	collect	
tissue	 samples	 from	 the	 greens	 for	DNA	 confirmation.	 	 After	 the	 Corozalito	 project	 closed,	 locals	
reported	 at	 least	 10	 green	 turtle	 nesting	 events	 in	 January.	 Hopefully	 extending	 monitoring	 to	
February	next	season	will	provide	an	opportunity	to	study	this	late	activity.		

6.	Conclusions	
	
San	Miguel	and	Costa	de	Oro	had	similar	olive	ridley	nesting	levels	as	previous	years.	On	the	other	
hand,	nesting	levels	at	Caletas	appear	to	be	increasing.	2015	was	a	late	olive	ridley	nesting	season,	
with	peak	nesting	reached	in	November.	Corozalito	saw	an	increase	in	solitary	nesting,	and	nearly	
no	arribada	nesting.	The	nights	of	November	5th	to	8th	were	classified	as	a	small	arribada	with	321	
nesting	events.		
	
The	four	nesting	beaches	showed	a	clear	trend	of	increased	olive	ridley	nesting	activity	around	the	
full	moon	that	hasn’t	been	seen	in	past	years.	
	
Higher	participation	levels	and	improved	training/supervision	doubled	tag	recapture	rate	from	4%	
in	2013	 to	8%	 in	2014.	 	 The	 recaptured	 turtles	 showed	high	nest	 site	 fidelity,	with	81%	nesting	
twice	within	5	km.	 	Average	 interesting	 interval	was	20	days,	with	 the	highest	 frequencies	being	
between	15	and	19	days.		
	
Carapace	measurements	were	constant	with	past	years,	at	an	average	curved	carapace	length	and	
width	of	65	and	69	cm	respectively.	
	
Long-term	nest	protection,	 in	addition	to	community	environmental	education,	has	been	effective	
in	 reducing	 poaching	 levels	 in	 San	Miguel	 and	 Corozalito.	 It	 also	 appears	 to	 be	 starting	 to	 show	
results	 in	 Costa	 de	Oro	 after	 four	 years.	 Yet	 poaching	 is	 increasing	 at	 Caletas,	where	 there	 is	 no	
beach	 community.	 More	 nests	 were	 protected	 in	 Caletas	 and	 Costa	 de	 Oro	 Hatcheries	 thanks	 to	
higher	participation	levels,	decreasing	depredation	at	Caletas	and	poaching	at	Costa	de	Oro.	
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Extreme	 El	 Niño	 conditions	 caused	 sand	 temperatures	 to	 rise	 above	 fatal	 egg	 incubation	
temperatures	 both	 in	 the	 hatcheries	 and	 on	 the	 beaches.	 Applying	 shading	 with	 mesh	 roofing	
effectively	decreased	nest	temperatures	in	the	hatcheries	until	December.		

7.	Recommendations	
	
Keeping	records	of	total	hours	that	patrols	and	morning	censuses	are	conducted	at	each	beach	will	
allow	for	more	accurate	evaluation	of	patrolling	efforts	and	better	data	organization.	
	
Conduct	 a	 monthly	 light	 pollution	 survey	 at	 all	 nesting	 beaches	 to	 quantify	 the	 amount	 of	 light	
pollution	and	review	how	it	is	impacting	the	nesting	activity.		
	
Continue	 to	 improve	 upon	 recording	 depredation	 of	 late-term	 nests	 at	 Corozalito	 to	 properly	
evaluate	depredation	at	the	beach.	
	
Installing	a	park	ranger	and	having	higher	police/coast	guard	presence	at	the	Caletas-Ario	Wildlife	
Refuge,	to	enforce	poaching	laws	and	provide	a	safe	environment	for	volunteers,	would	allow	us	to	
re-open	 the	 Caletas	 project.	 	 Having	 this	 support	 would	 increase	 our	 patrol	 success	 and	
productivity	tenfold	by	increasing	our	number	of	volunteers	and	ensuring	that	safety	does	not	deter	
us	from	our	conservation	efforts.			
	
Expand	environmental	education	programs	to	communities	neighboring	the	beaches,	including	San	
Francisco	 de	 Coyote,	 Javilla,	 Pueblo	 Nuevo,	 Pilas	 and	 Quebrenando.	 	 By	 doing	 this	 we	 could	
influence	the	poaching	rates	in	Caletas	where	there	is	no	community	and	we	believe	the	poachers	
here	 are	 coming	 from	 these	 surrounding	 communities	 that	 have	 not	 yet	 been	 impacted	 by	 our	
community	outreach.		
	
Extend	Corozalito	monitoring	effort	to	the	end	of	February	to	study	potential	January	arribadas	and	
green	sea	turtle	nesting.	
	
To	 continue	 researching	 the	 unique	 nesting	 dynamic	 in	 Corozalito	 and	 further	 study	 the	 two	
nesting	 behaviors	 exhibited	 by	 olive	 ridleys,	 tagging	 efforts	 will	 be	 increased	 during	 Corozalito	
arrabada	events.		
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9.	Supplementary	Material	
	

		
Year	

Study	Duration	 Total	
Events	

Successful	 Un-
successful	Start	 End	 Days	 Total	 Protected	 Poached	 Predated	

CA
LE
TA

S	

2002	 01/11/02	 28/03/03	 147	 243	 297	 		 		 		 		
2003	 15/07/03	 15/04/04	 275	 447	 359	 69%	 6%	 25%	 88	
2004	 07/07/04	 26/03/05	 262	 784	 625	 89%	 4%	 7%	 157	
2005	 01/07/05	 31/03/06	 273	 1007	 752	 87%	 3%	 10%	 255	
2006	 01/07/06	 31/03/07	 273	 977	 697	 91%	 4%	 5%	 279	
2007	 01/07/07	 31/03/08	 274	 957	 645	 89%	 5%	 6%	 208	
2008	 02/07/08	 18/03/09	 259	 1547	 1221	 85%	 7%	 7%	 344	
2009	 07/07/09	 28/02/10	 236	 1179	 918	 87%	 5%	 9%	 261	
2010	 15/07/10	 15/02/11	 215	 664	 555	 81%	 8%	 11%	 109	
2011	 11/07/11	 15/02/12	 219	 690	 510	 61%	 9%	 30%	 180	
2012	 15/07/12	 28/02/13	 228	 906	 730	 63%	 24%	 13%	 175	
2013	 01/07/13	 28/02/14	 242	 525	 431	 73%	 15%	 12%	 92	
2014	 27/06/14	 30/03/15	 276	 2381	 1908	 26%	 16%	 59%	 453	
2015	 26/06/15	 21/02/16	 240	 2171	 1732	 51%	 16%	 33%	 434	

CD
O
	

2012	 05/08/12	 01/12/12	 118	 264	 227	 56%	 42%	 2%	 37	
2013	 15/07/13	 30/11/13	 138	 264	 228	 49%	 50%	 1%	 34	
2014	 12/07/14	 06/12/14	 147	 430	 378	 49%	 49%	 1%	 46	
2015	 01/07/15	 13/12/15	 165	 447	 395	 73%	 25%	 1%	 44	

CO
RO

ZA
LI
TO

	

2008	 13/08/08	 11/11/08	 90	 1119	 1076	 62%	 31%	 8%	 42	
2009	 15/07/09	 31/01/10	 200	 1782	 1512	 70%	 10%	 20%	 209	
2010	 01/07/10	 15/12/10	 167	 1763	 1405	 88%	 5%	 6%	 334	
2011	 27/06/11	 05/12/11	 161	 1512	 1264	 79%	 9%	 12%	 196	
2012	 28/06/12	 03/12/12	 158	 1588	 1282	 68%	 11%	 21%	 164	
2013	 27/06/13	 13/12/13	 169	 1772	 1577	 63%	 9%	 28%	 181	
2014	 03/08/14	 13/12/14	 132	 1918	 1687	 90%	 4%	 6%	 231	
2015	 01/07/15	 13/12/15	 165	 2923	 2589	 82%	 5%	 13%	 261	

SA
N
	M

IG
U
EL
	

1998	 15/07/98	 26/12/98	 164	 188	 145	 70%	 30%	 0%	 43	
1999	 01/07/99	 01/12/99	 153	 245	 191	 70%	 30%	 0%	 54	
2000	 20/08/00	 31/12/00	 133	 248	 194	 69%	 31%	 0%	 54	
2001	 25/09/01	 30/11/01	 66	 116	 95	 61%	 39%	 0%	 21	
2002	 30/08/02	 30/11/02	 92	 150	 137	 77%	 23%	 0%	 13	
2003	 15/08/03	 15/12/03	 122	 124	 109	 77%	 23%	 0%	 15	
2004	 14/07/04	 20/12/04	 159	 443	 381	 90%	 10%	 0%	 62	
2005	 12/07/05	 20/12/05	 161	 443	 368	 83%	 16%	 1%	 75	
2006	 07/07/06	 15/12/06	 161	 302	 268	 84%	 16%	 0%	 32	
2007	 06/07/07	 15/12/07	 162	 418	 324	 92%	 7%	 0%	 70	
2008	 08/07/08	 24/11/08	 139	 180	 165	 89%	 11%	 0%	 15	
2009	 16/07/09	 19/12/09	 156	 215	 182	 80%	 17%	 3%	 33	
2010	 15/07/10	 15/12/10	 153	 509	 395	 75%	 25%	 1%	 114	
2011	 15/07/11	 15/12/11	 153	 407	 329	 82%	 17%	 0%	 78	
2012	 14/07/12	 13/12/12	 152	 354	 305	 87%	 13%	 0%	 46	
2013	 01/07/13	 12/12/13	 164	 336	 292	 90%	 10%	 0%	 43	
2014	 01/07/14	 15/12/14	 167	 537	 458	 92%	 7%	 0%	 76	
2015	 01/07/15	 13/12/15	 165	 516	 420	 84%	 11%	 3%	 93	

Table	S1.	Solitary	olive	ridley	nesting	activity	recorded	during	past	monitoring	seasons	of	the	Caletas,	Costa	de	
Oro,	San	Miguel,	and	Corozalito	PRETOMA	sea	turtle	beach	conservation	projects.	
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		 Year	 Leatherback	 Green	 Hawksbill	

Ca
le
ta
s	

2002	 23	 0	 0	
2003	 43	 9	 0	
2004	 17	 2	 0	
2005	 14	 7	 1	
2006	 18	 4	 0	
2007	 1	 9	 0	
2008	 7	 0	 1	
2009	 6	 5	 0	
2010	 3	 4	 0	
2011	 13	 3	 0	
2012	 0	 16	 0	
2013	 0	

0	
7	 0	

2014	 0	 8	 0	
2015	 17	 17	 0	

Sa
n	
M
ig
ue

l	

1999	 2	 0	 0	
0	
0	
0	
0	

2000	 3	 0	 0	
2001	 1	 0	 0	
2002	 0	 0	 0	
2003	 0	 1	 0	
2004	 0	 0	 0	
2005	 1	 0	 0	
2006	 2	 0	 0	
2007	 1	 3	 0	
2008	 0	 0	 0	
2009	 0	 1	 0	
2010	 0	 7	 0	
2011	 0	 0	 0	
2012	 0	 1	 0	
2013	 1	 1	 0	
2014	 2	 4	 0	
2015	 0	 0	 0	

CD
O
	 2012	 0	 0	 0	

2013	 0	 3	 0	
2014	 0	 6	 0	
2015	 0	 0	 0	

Co
ro
za
lit
o	

2008	 0	 3	 0	
2009	 0	 11	 0	
2010	 0	 10	 0	
2011	 0	 8	 0	
2012	 0	 6	 0	
2013	 0	 5	 0	
2014	 1	 11	 0	
2015	 0	 5	 2	

Table	S3.	Past	leatherback,	green,	and	hawksbill	nesting	events	recorded	
at	 Caletas,	 San	 Miguel,	 and	 Corozalito	 PRETOMA	 sea	 turtle	 beach	
conservation	projects.	

	


